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A b s t r a c t

Introduction: The aim of the present study is to investigate the effects 
of pregabalin (PGB) on chondrocyte proliferation and collagen type II  
(COL2A1), hypoxia-inducible factor 1-α (HIF-1α), and chondroadherin (CHAD) 
gene expression in osteoarthritic chondrocytes. 
Material and methods: Standard primary chondrocyte cultures were pre-
pared using osteochondral tissues that were surgically obtained from 6 pa-
tients with gonarthrosis. Cell morphology was evaluated using an inverted 
microscope, and cell death and proliferation were determined through MTT 
analysis, which was confirmed by AO/PI staining and statistically evaluated. 
The expression levels of CHAD, COL2A1, and HIF-1α genes were assessed 
using gene-specific TaqMan Gene Expression Assays. 
Results: MTT analyses showed that PGB administration did not have a neg-
ative or toxic effect on cell viability and proliferation in cultured chondro-
cytes (p < 0.001), but in our morphological evaluation  extracellular matrix 
development was observed to be weaker in cultures treated with PGB. After 
24 h of treatment, COL2A1, HIF-1α, and CHAD gene expression decreased in 
the groups to which PGB was applied compared to gene expression before 
the experiment (at 0 h); at 48 h, CHAD and HIF-1α expression increased to 
the same level as the control group, but the expression of COL2A1 continued 
to decrease.
Conclusions: Further studies need to be conducted with more participants 
to prove that there is a  negative correlation between extracellular matrix 
formation and PGB administration. Our preliminary data show that even at 
low doses and over short-term administration, PGB may affect chondrocyte 
cells at the gene-expression level.
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Introduction

The treatment of joint-related diseases, such as osteoarthritis, often 
involves the use of specialized drugs, including pregabalin (PGB), which, 
nevertheless, can lead to severe side effects when used in systemic ther-
apies. Even though PGB has been used to treat such diseases for many 
years, preclinical and clinical studies are still being conducted because 
of its adverse side effects. Pregabalin is an (S)-3-isobutyl-γ-aminobutyric 
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acid (GABA) analog that has an analgesic effect 
independent from GABA receptors, and it does not 
alter GABA uptake or degradation [1].

As a  calcium (Ca) channel ligand, PGB binds 
more strongly to the alpha-2-delta (α-2-δ) sub-
unit of voltage-dependent Ca channels than its 
pharmaceutical alternative, gabapentin, which is 
used in therapy [2, 3]. By stimulating Ca release 
from synapses, PGB decreases the release of 
neurotransmitters such as glutamate and norepi-
nephrine [2]. Pregabalin is used in many fields of 
medicine, including orthopedics, to relieve post- 
operative peripheral neuropathic pain [4–7]. 

Despite its widespread use, several studies 
have reported side effects and/or adverse effects 
of PGB, such as dizziness, unconsciousness, de-
creased sexual desire, hypersensitivity to environ-
mental stimuli, insomnia, loss of one’s sense of 
place and time, ataxia, and tremors [8, 9]. There 
are also reports in the literature suggesting that 
PGB does not even have an analgesic effect [10].

Like many other medicines, PGB accumulates 
in many tissues, including synovial fluid. At the 
joint surface, synovial fluid supplies cartilage 
tissue that is lacking blood or lymph circulation 
and neuronal tissue. Therefore, chondrocytes on 
the surface of cartilage are exposed to drugs that 
accumulate in synovial fluid over a  long period 
[11–18]. To our knowledge, there are no studies in 
the literature investigating the effects of PGB on 
chondrocyte cells or cartilage tissue and extracel-
lular matrix structure. 

In our study, we investigated the effects of pre-
gabalin on collagen type II (COL2A1), hypoxia-in-
ducible factor-1α (HIF-1α) and chondroadherin 
(CHAD) gene expression in cultured chondrocyte 
cells. COL2A1 is a marker for anabolism in carti-
lage tissue [19]. In addition, COL2A1 is an import-
ant cartilage-specific matrix protein, and COL2A1 
expression is regulated by transcription factors, 
such as SRY-related HMG-box (SOX9) and trans-
forming growth factor-β. An increase of COL2A1 
gene expression leads to induction of extracellular 
matrix production [20].

An HIF-1 transcription complex composed of 
HIF-1α and HIF-1b subunits regulates the tran-
scription of a wide range of genes involved in glu-
cose metabolism, angiogenesis, and cell survival 
[21, 22]. Hormones, growth factors, and hypoxic 
environments induce the translocation of HIF-1 to 
the nucleus of the cell. Further, HIF-1 associates 
with its subunit and forms an active HIF-1 tran-
scription factor to regulate the expression of its 
target genes [21, 22].

CHAD is a  non-canonical class IV small leu-
cine-rich proteoglycan (SLRP) that binds to integ-
rin, cell surface proteoglycans, and COL2A1. CHAD 
mediates signaling between chondrocytes and 

the extracellular matrix and plays a role in regulat-
ing cartilage homeostasis. Hence, it is important 
to study these genes and proteins in research on 
the treatment of joint-related diseases [23].

In this preliminary study, we sought to answer 
the question whether the treatment of cartilage 
tissue should be reduced or prolonged when treat-
ing patients to relieve post-operative peripheral 
neuropathic or osteoarthritic pain. 

Material and methods

The study was carried out with the approval of 
the Local Ethics Board (Namik Kemal University, 
2017/41/04/01). Informed consent was obtained 
from patients attending the Neurosurgery Clinic 
for use of their cells in the study.

To enhance reliability, the researchers were 
blinded; they did not know which groups had re-
ceived PGB, and the content of the drug(s) they ap-
plied to the culture was concealed from them via 
an encoded system. Furthermore, all experiments 
were repeated at least three times. To minimize 
measurement errors, the same types of analyses 
were performed by the same researchers.

Selection criteria for the participants

Patients with a  known drug allergy, including 
a  PGB allergy; patients diagnosed with Parkin-
son’s disease who had received treatment with 
monoamine oxidase inhibitors, such as rasagiline, 
selegiline, and moclobemide, in the last 14 days; 
and patients undergoing antidepressant treat-
ment who were diagnosed with malignancy were 
not included in the study [12]. The average age 
of the 6 patients who participated in the study 
was 64.45 ±3.12 (mean ± standard deviation;  
n = 6). Patients who did not respond to conserva-
tive medical treatment and had large osteophytes, 
graded using the Kellgren-Lawrence Radiological 
Grading Scale (stage IV), were selected [24].

Study design and the in vitro experimental 
setup

Standard primary chondrocyte cultures were 
prepared using osteochondral tissues that were 
surgically obtained from the six participants. 
Primary chondrocyte cultures in which PGB was 
not applied were used as the control group. Be-
fore (0 h) and after PGB application (24 and 48 h),  
chondrocyte cultures were monitored using an 
inverted microscope, while cell proliferation and 
viability were analyzed using 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)  
analysis and acridine orange/propidium iodide 
(AO/PI) staining. COL2A1, HIF-1α, and CHAD gene 
expression was detected with real-time poly-
merase chain reaction (RT-PCR) analysis. 
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Obtaining the primary chondrocytes

In patients undergoing total knee arthroplasty, 
osteochondral tissues were resected from the sur-
faces of the distal femur and proximal tibia, which 
were routinely interrupted. Primary chondrocyte 
cultures were prepared from the resected chondral 
tissues of intact joint surfaces [12]. Standard pro-
cedures were followed for human primer culture 
[25]. Tissues were transferred to the laboratory in 
appropriate conditions  in culture medium (Dul-
becco’s Modified Eagle’s Medium (DMEM); Cat. 
#41965062; Gibco) supplemented with 1% pen-
icillin-streptomycin (PS; Cat. #15140122, Gibco), 
15% fetal bovine serum (FBS; Cat. #10082147), 
and 1% L-glutamine (Cat. #25030081, Gibco). 
Osteochondral tissue samples were irrigated with 
0.9% isotonic sodium chloride solution in a  lam-
inar flow cabinet until separated from red blood 
cells. Tissues were dissected, washed in Hank’s 
balanced salt solution (HBSS 1X; Cat. #14025, 
Gibco), and transferred to Falcon tubes. Collage-
nase type II enzymes (0.375 mg; Cat. #17101015, 
Gibco) that were dissolved in complete medium 
were added to the solution and incubated in 5% 
CO

2 at 37°C overnight. Then, the samples were 
centrifuged at 1,200 rpm for 10 min. The cell pel-
lets were resuspended in cell culture medium, 
transferred to T75 flasks, and incubated to obtain 
primary cell cultures [25].

After primary monolayer chondrocyte cultures 
were obtained, the cultures were trypsinized, and 
viable cells were counted by trypan blue staining. 
Obtained cell suspensions were seeded as fol-
lows: 1.4 × 104 cells per well to 96-well plates for 
MTT analysis, 3.4 × 104 cells per well to 24-well 
plates for AO/PI analysis, and 4.4 × 106 cells per 
dish to 100-mm Petri dishes for RNA isolation. At 
the end of the 24-hour incubation period, the drug 
was added to confluent cell cultures to perform 
the experiments.

Microscopy imaging (inverted and 
fluorescence)

An inverted light microscope (Olympus, CKX41) 
was used to monitor cell cultures, and a fluores-
cent microscope (Leica; DM 2500) was used for 
AO/PI analysis. Microphotographs of cell struc-
tures were obtained before and during PGB ap-
plications, and the images were evaluated using 
a CytoVision capture station imaging program.

Preparation and application of PGB

The main stock solution of 25-µM PGB (Lyrica, 
Pfizer) was prepared fresh in a flow cabinet and 
dissolved in DMEM medium. Afterward, the main 
stock solutions were color coded, which blinded 
the researchers to the analyses. The final concen-

tration of PGB at 25  µM was applied to human 
primary chondrocyte cultures. The drug dosage 
administered to the cultures was calculated be-
fore carrying out the analyses. The concentrations 
of PGB that were applied to the cultures began 
at 1 µM and proceeded to 25, 50, 100, 250, 500, 
and 1,000  µM. It has been previously reported 
that cell proliferation totally stopped in cultures 
to which PGB concentrations greater than 25 µM 
were applied. Therefore, the necessary doses of 
PGB at concentrations allowing proliferation were 
applied to the cell classes found in the cultures. 
A final concentration of 25-μM PGB was applied 
to human primary chondrocyte cultures because 
most pharmaceutical formulations are adminis-
tered at this concentration, approximately. Prior to 
conducting the experiments and statistical anal-
ysis, the drug was delivered to the researchers in 
an encoded form. This meant that the researchers 
were blinded both to the experiments and to the 
statistical evaluation. 

Preparation and application of AO/PI

AO/PI stain was prepared with 10 g of sodi-
um-ethylenediaminetetraacetic acid, 4 mg of PI, 
50 ml of FBS, 4 mg of AO (dissolved in 2 ml of 
99% ethanol) and was mixed well; sterile distil-
lated water was added to reach a final volume of 
200 ml. With the nucleic acid binding dyes of AO 
and PI, we were able to determine cell viability ac-
curately. As an intercalating dye, AO can permeate 
both live and dead cells and stain all nucleated 
cells to generate green fluorescence [26]. Propid-
ium iodide can only enter dead cells, which have 
poor membrane integrity, and it stains all dead nu-
cleated cells with red fluorescence. 

Investigation of the effects of PGB on 
chondrocyte proliferation with MTT 
analyses

A viability test was carried out with a commer-
cial MTT kit (Vybrant MTT Cell Proliferation Assay, 
Cat. #V13154, Thermo Fisher Scientific) according 
to the manufacturer’s instructions [12, 25, 26]. 
MTT analyses were performed before (control 
group; 0 h) and after the PGB solutions were add-
ed using an enzyme-linked immunosorbent assay 
(ELISA) microplate reader (Mindray MR 96 A, PRC).

Gene expression analysis

Total ribonucleic acid (RNA) was extracted 
from cultured primary human chondrocytes 
using a  PureLink RNA Mini Kit (Ambion, Cat. 
#12183018A) and 2-mercaptoethanol (Thermo 
Fisher Scientific, Cat. #31350010). The purified 
RNA, 50 ng in total, was reverse-transcribed to 
complementary DNA (cDNA) using a  High Ca-
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pacity cDNA Reverse Transcription Kit (Thermo 
Fisher Scientific, Cat. #4368814) according to 
the manufacturer’s instructions. The cDNA was 
subjected to quantitative PCR analysis. Quanti-
tative PCR analyses were performed to analyze 
the changes in gene expression using TaqMan 
Gene Expression Assays for CHAD (Hs00154382_
m1, Cat. #4448892), HIF-1α (Hs00153153_m1,  
Cat. #4453320), COL2A1 (Hs00264051_m1,  
Cat. #4453320), and the internal control (house-
keeping)  gene b-actin (ACTB; Hs99999903_m1, 
Cat. #4453320). Each gene was amplified us-
ing an RT-PCR reaction mix prepared with 1 µl 
TaqMan Gene Expression Assay, 10 ml of TaqMan 
Gene Expression Master Mix (Cat. #4369016),  
4 ml of cDNA template, and UltraPure DNase/ 
RNase-Free distilled water (Cat. #10977035) on Mi-
croAmp Fast Optical 96-well reaction plates (Cat. 
#4346906). The Applied Biosystems 7300/7500 
RT-PCR system was used with the following reac-
tion protocol: hold at 50°C for 2 min, hold at 95°C 
for 10 min, and alternate between 15 s at 95°C 
and 1 min at 60°C for 40 cycles. The mean value 
of the three assays was used as a measurement 
value, and gene expression levels were normal-
ized by the expression of ACTB.

Statistical analysis

The Minitab R16 program was used for the 
statistical evaluation. The results were expressed 
as mean ± standard deviation. The results were 
evaluated using an analysis of variance (ANOVA) 
at 95% confidence interval to assess whether 
there were significant differences across groups.  
The α significance level was set as < 0.05. When 
differences across groups were observed, Tukey’s 

honest significant difference (HSD) post-hoc test 
was used for multiple pairwise comparison.

Results

Morphological analysis of chondrocyte 
cultures: inverted microscopy and AO/PI 
staining

Morphological evaluation of chondrocyte cul-
tures showed that the application of PGB at vari-
ous concentrations did not affect cell morphology 
or proliferation. However, when inverted microsco-
py images were examined, the number of cells and 
amount of proliferation were similar in both exper-
imental groups, and extracellular matrix formation 
was observed to be weaker in the group treated 
with PGB (Figure 1). AO/PI staining showed that 
cells from both groups 1 and 2 continued to pro-
liferate within 0–48 h, and no cell death was ob-
served as a result of PGB administration (Figure 2). 

Statistical analysis of MTT analysis

The differences between groups identified by 
ANOVA and Tukey’s HSD test were found to be 
statistically significant (Tables I and II). Tukey pair-
wise comparisons showed statistically significant 
differences among the three groups (A, B, and C; 
Table II). Cell viability was similar and at its max-
imum level before the test (0 h) in the control 
group and in pregabalin-administered samples. 
Likewise, cell viability was similar but at its min-
imum level in the control group at both 24 and  
48 h and in PGB-administered samples at 24 h. In 
cultures treated with PGB, the number of viable 
cells was found to be greater than that of the con-
trol group after 48 h.

Figure 1. Morphological evaluation of chondrocyte cultures

Group 1 – control samples at 0, 24 and 48 h. Group 2 – PGB-treated group at 0, 24, and 48 h.

	 0 h	 24 h	 48 h

	 0 h	 24 h	 48 h

Group 1

Group 2
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RT-PCR evaluation of COL2A1, HIF-1α,  
and CHAD gene expressions

For the RT-PCR evaluation, pre-test cultures 
without PGB application (group 1, 0 h) were used 

as reference samples. COL2A1, HIF-1α, and CHAD 
gene expression levels were accepted as 100% 
relative quantification (RQ; RQ = 1) in this group. 
In the control group and in all the experimental 
groups, the level of gene expression was normal-
ized by comparison with ACTB expression, which 
was used as an internal control. At 24 and 48 h, 
the change in gene expression was calculated 
as RQ, or, in other words, fold. The RQ values ob-
tained from all experimental groups are presented 
in Figure 3. 

In the control group, CHAD expression in-
creased 1.9-fold and COL2A1 expression increased 
3.3-fold at 24 h, but it was observed that the  
HIF-1α expression did not change. However, at  
48 h, the expression of all three genes was re-
duced, especially that of COL2A1 (RQ = 0.7). In the 
experimental group treated with PGB, the expres-
sion of all three genes decreased by about 50% 
24 h after application. In this group, CHAD expres-

Figure 2. AO/PI staining of chondrocyte cultures

Group 1 – control samples at 0, 24, and 48 h. Group 2 – PGB-treated group at 24 and 48 h.

	 0 h	 24 h	 48 h

	 0 h	 24 h	 48 h

Group 1

Group 2

Table I. Comparison of the differences between experimental groups: ANOVA of MTT analysis

Source DF Adj. SS Adj. MS F-value P-value*

Hour 2 0.074235 0.037117 145.67 < 0.001

Application 1 0.003496 0.003496 13.72 ≤ 0.001

Hour* application 2 0.006992 0.003496 13.72 < 0.001

Error 54 0.013759 0.000255

Total 59 0.098482

*One-way ANOVA, alpha significance level was set as < 0.05. The definitions of the symbols are as follows: DF – degrees of freedom,  
Adj. SS – adjusted sum of squares, Adj. MS – adjusted mean squares.

Table II. Comparison of the differences between 
experimental groups: Tukey pairwise comparisons 
of MTT analysis

Hour* application N Mean ± SD Grouping*

Control 0 h 10 0.3006 ±0.01 A

Pregabalin 0 h 10 0.3006 ±0.01 A

Pregabalin 48 h 10 0.2688 ±0.01 B

Control 48 h 10 0.2230 ±0.03 C

Control 24 h 10 0.2156 ±0.01 C

Pregabalin 24 h 10 0.2156 ±0.01 C

*Post-hoc Turkey pairwise comparison test. From A  to Z, A  is the 
best and Z is the worst.
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sion increased 1.7-fold at 48 h and was greater 
than the control group. The expression of HIF-1a  
(RQ = 0.7) at 48 h also increased from its level at 
24 h and reached the same level as the control 
group. However, the expression of COL2A1 contin-
ued to decrease (Figure 3).

Discussion

Pregabalin is a GABA analog that was designed 
to be an analgesic but blocks the release of Ca 
channel-mediated neurotransmitters at the pre-
synaptic area independently from GABA receptors 
[27]. In the literature, it has been reported that 
adverse effects or other side effects are common 
in the majority of cases using PGB. However, no 
studies have reported the effects of pregabalin on 
chondrocytes or on the extracellular matrix of car-
tilaginous tissue in humans. Most of the existing 
studies are animal experiments, and some have 
been carried out on specimens obtained from an-
imal tissues. 

Boileau et al. [28] investigated the effects of 
α-2-δ ligands of voltage-activated Ca(2+) channels 
on the structure of cartilaginous tissue in a dog 
model of osteoarthritis. They administered either 
15–90 mg/kg/day of α-2-δ ligands or a placebo to 
the subjects and then obtained femoral conduits 
and tibial plate samples [28]. Aside from conduct-
ing macroscopic and histological examinations, 
the researchers evaluated the expression of in-
ducible nitric oxide synthase (iNOS) and matrix 
metalloproteinase (MMP)-1, -3, and -13 with 
RT-PCR or immunohistochemistry analysis. The 
results of this study suggest that α-2-δ ligands 
do not cause drug toxicity and that a significant 
reduction in the synthesis of all major mediators 
plays a role in osteoarthritis [28].

In their research, Jang et al. [29] attribute the 
reason for neuropathic pain to the inflammation 
that accompanies peripheral nerve injury. The 
researchers investigated the effects of GABA an-
algesics, which are used to relieve such pain, on 
immunomodulation. In their neuropathic pain 
model, male BALB/c mice were orally adminis-
tered (S)-3-(aminomethyl)-5-methylhexanoic acid 
at a dose of 30 mg/kg, and the cytotoxic activity 
and splenocyte proliferation of natural killer cells 
were evaluated [29]. The researchers reported 
that pregabalin therapy significantly suppresses 
NK cell activity and splenocyte proliferation [29].

Salat et al. developed a painful diabetic neurop-
athy (PDN) model in mice, reporting in their study 
that PGB has no effect on glucose utilization or 
lipid storage in vitro. Furthermore, they stated 
that PGB has no cytotoxic effect at concentrations 
between 1 and 100 μM [30]. Additionally, as a re-
sult of their animal model experiments, Kim et al. 
pointed out that non-steroid anti-inflammatory 

drug and pregabalin administration did not show 
an analgesic effect [10].

Many clinicians in different branches prescribe 
pregabalin for treatment, but the positive or neg-
ative effect of PGB on chondrocytes and/or car-
tilaginous tissues is not recorded in the product 
monograph or prospectus. In toxicity studies, 
tissues obtained from animal articular cartilages 
have been generally evaluated [10, 28, 30].

In this study, we investigated the effect of PGB 
on chondrocyte viability and proliferation and ex-
tracellular matrix components in primary human 
chondrocyte cultures. In addition, to our knowl-
edge, our study is the first in the literature to de-
termine whether PGB application affects COL2A1, 
HIF-1α, and CHAD gene expression. 

The COL2A1 gene encodes a cartilage-specific 
extracellular matrix protein synthesized from pro-
liferative chondrocytes that is essential for chon-
drogenesis [20, 31]. In addition, cartilage anabolic 
processes are marked by the existence of COL2A1 
[19]. Chondrogenesis is regulated by numerous 
mechanisms, including growth factors such as 
HIF-1α, a helix-loop-helix transcription factor that 
is expressed in hypoxic conditions [32, 33]. Conse-
quently, HIF-1α is accepted as a positive regulator 
of cartilage development and regeneration [32, 
33]. Also, many studies have emphasized the role 
of HIF-1α in controlling hypoxia-induced extracel-
lular matrix synthesis in chondrocytes [32–34].

As an SLRP, CHAD mediates signaling between 
chondrocytes and the extracellular matrix by bind-
ing to α2β1 integrin, cell surface proteoglycans, 
and type II collagen [23]. It has also been shown 
that the CHAD gene is upregulated in chondrocyte 
cultures [35]. Therefore, it has been hypothesized 
that CHAD plays a critical role in the initiation and 
progression of osteoarthritis [23].

In our study, morphological and MTT analyses 
of chondrocyte cultures showed that PGB admin-
istration does not have a negative or toxic effect 
on cell viability and proliferation. Even in cultures 
treated with PGB, the number of viable cells was 

	 0 h	 24 h	 48 h	 24 h	 48 h
	 Group 1	 Group 1	 Group 1	 Group 2	 Group 2

 CHAD         HIF-1α         COL2A1

Figure 3. Relative quantification values obtained 
from experimental groups

Group 1 – control samples 0, 24, and 48 h. Group 2 – PGB-
treated group at 24 and 48 h.
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found to be greater than that of the control group 
(without PGB) after 48 h. Exclusively, it has been 
observed that extracellular matrix development is 
weaker in cultures treated with PGB.

COL2A1, HIF-1α, and CHAD gene expression 
was evaluated by RT-PCR analysis. It can be ar-
gued that the expression of CHAD and COL2A1 
increased because of the rapid cell proliferation 
in the control group from 0 to 24 h. The gene ex-
pression levels decreased in these cultures, which 
became approximately confluent and reached 
equilibrium at 48 h, as expected. However, in the 
group to which PGB was applied, the expression 
of all three genes was much lower than that in 
the control group at 0 and 24 h. The decrease of 
the expression of these three genes, which are 
associated with extracellular matrix development, 
supports the conclusion of our morphological ex-
aminations. In the PGB-applied group, the expres-
sion of CHAD and HIF-1α increased to the same 
level as that of the control group after 48 h, but 
the expression of COL2A1 continued to decrease.

Individual differences have a strong impact on 
drug response; for this reason, an in vitro study is, 
on its own, not sufficient to determine all the ef-
fects of an administered drug. However, because 
primary cell cultures are heterogeneous and con-
tain all fundamental components of the tissue, 
the obtained data are more reliable than data from 
commercial cell lines. Animal model experiments 
provide essential data on systemic responses, but 
it is necessary to work with human tissues, partic-
ularly when assessing gene expression. 

The first limitation of our present study is that 
no comparison was made between patient and 
healthy cartilage tissues; it is not ethically possible 
to obtain cartilage tissue from a  healthy person. 
Second, the primary cell cultures we used were ob-
tained from only 6 patients. Because of this small 
sample (n = 6), RT-PCR data could not be evalu-
ated statistically [12, 25]. It should also be noted 
that studies on cytotoxicity gain importance when 
a new drug is being released to the market thanks 
to advanced drug technology [36, 37].

In conclusion, further studies, with a  greater 
number of participants, are needed to prove that 
there is a  negative correlation between extracel-
lular matrix formation and PGB administration. 
Our preliminary data show that even at low doses 
and over short-term administration, PGB may af-
fect chondrocyte cells at the gene-expression level. 
Therefore, the results of our study will contribute to 
the literature by preparing the way for further stud-
ies to investigate the action mechanisms of PGB. 
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