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Abstract. – OBJECTIVE: The study aimed to ex-
amine the effects of two drugs, an acetylcholinester-
ase inhibitor (AChEI) and an N-methyl-D-aspartate 
receptor (NMDAR) antagonist, on degenerated an-
nulus fibrosus (AF) and nucleus pulposus (NP) cells 
and the extracellular matrix (ECM) structure in vitro.

PATIENTS AND METHODS: Tissue samples 
were obtained from patients with intervertebral 
disc herniation (four males and four females; 
classified as Pfirmann stage IV) and used to pre-
pare cell cultures. Untreated cell culture samples 
served as the control group. Study group sam-
ples were treated with donepezil, memantine or a 
combination of the two drugs. Cell viability, toxic-
ity and proliferation were evaluated in all groups. 
Western blotting was used to examine changes in 
protein expression of signal transducer and acti-
vator of transcription 3 (STAT3), phospho-STAT3 
(ser727), hypoxia-inducible factor (HIF)-1 alpha 
(HIF-1α) and nucleotide-binding oligomerisation 
domain (NOD) leucine-rich repeat (LRR)-contain-
ing proteins (NLR) family pyrin domain contain-
ing 3 (NLRP3) inflammasome. The alpha signifi-
cance value was < 0.05.

RESULTS: Analysis of the microscopy and 
commercial kit results revealed that cell prolifer-
ation was suppressed, and no cell death was ob-
served. The protein expression levels of NLRP3, 
STAT3, ser727 and HIF-1α were lower in the sam-
ples treated with donepezil and memantine at 
72 h (p < 0.05). The protein expression levels of 
NLRP3, STAT3, ser727 and HIF-1α were higher in 
the samples treated with the combination of do-
nepezil and memantine (p < 0.05).

CONCLUSIONS: The combined administra-
tion of memantine a NMDAR antagonist which 

can prevent neurodegeneration and donepezil 
an AChEI used for pain relief increased the pro-
tein expression levels in the anabolic pathway. 
However, it did not reduce the protein expres-
sion levels in the catabolic pathway. Therefore, 
further studies are needed to provide extensive 
insight into whether it may be among the poten-
tial targets for the therapy of intervertebral disc 
(IVD) diseases.
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Abbreviations
AChEI: acetylcholinesterase inhibitor; AF: Annulus fibro-
sus; ECM: extracellular matrix; HIF-1α: hypoxia-induci-
ble factor-1 alpha; IVDD: intervertebral disc degeneration; 
NMDAR: N-methyl-D-aspartate receptor; NLRP3: nucleo-
tide-binding oligomerization domain (NOD) leucine-rich re-
peat (LRR)-containing proteins (NLR) family pyrin domain 
containing 3; STAT: signal transducer and activator of tran-
scription protein.

Introduction

Intervertebral discs (IVDs) are anatomical struc-
tures that have crucial tasks, such as imparting mo-
bility onto the spinal column and providing support 
for managing mechanical loads. Degradation of the 
biomechanical characteristics of the discs can lead 
to numerous functional losses and low back pain, 
which significantly impair quality of life1.
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To date, many conservative medical and sur-
gical treatment modalities have been used to 
arrest degeneration and initiate regeneration in 
IVD-related diseases. Despite all the treatment 
protocols applied, satisfactory outcomes can-
not be achieved, leading to a significant loss in 
the labour force and economic burden on coun-
tries’ healthcare systems2. Therefore, research on 
drugs that prevent inflammation of nucleus pul-
posus (NP) cells or IVDD has recently attracted 
interest3-5.

Drugs, whether taken orally or parenterally, 
accumulate in the tissues, especially in the syno-
vial fluid compartment, as soon as they enter the 
body6. Most drugs absorbed into the body diffuse 
into hyaluronic or synovial tissues. They then 
pass across the hyaline membranes into the IVD 
cavity through pores and reach IVD cells, such as 
annulus fibrosus (AF) and NP cells7.

Potential drugs that can be used to relieve in-
tense pain experienced during IVDD,  currently 
prescribed to prevent neurodegeneration or for 
pain relief; Memantine (1-amino-3.5-dimeth-
yladamantane), an N-methyl-D-aspartate recep-
tor (NMDAR) antagonist, and donepezil, a po-
tent and selective acetylcholinesterase inhibitor 
(AChEI), have both been approved by the United 
States Food and Drug Administration as pharma-
cological agents for the treatment of Alzheimer’s 
disease (AD)8 was evaluated in our study.

Increased NMDAR activity contributes to cen-
tral sensitisation in certain types of neuropathic 
pain9. NMDAR antagonists can alleviate hyper-
algesia and allodynia neuropathic pain caused by 
nerve damage and diabetic neuropathy in animal 
models9. Different NMDAR antagonists are used 
to treat neurodegeneration in mice with vanadi-
um-induced neurotoxicity10. In addition, aman-
tadine, an NMDAR antagonist administered to 
rats, can restore spinal cord damage by preventing 
oxidative stress11. The effects of NMDAR antag-
onists on retinal tissue in autoimmune optic neuri-
tis12 and on brain tissue in status epilepticus13 have 
also been investigated. 

Perioperative intrathecally administered AChEIs 
have a pain relief effect in the postoperative period 
and reduce the need for narcotic analgesics during 
lumbar disc surgery14.

Acetylcholine is a well-known neurotrans-
mitter. It is derived from acetyl coenzyme A, a 
product of cellular respiration in mitochondria, 
and choline, which plays an important role in lip-
id metabolism. The potential therapeutic effects 
of donepezil, which is a selective and reversible 

inhibitor of acetylcholinesterase (a predominant 
cholinesterase in the brain), are remarkable; it 
has been shown to efficiently treat osteoarthritis 
caused by cartilage degeneration15. 

No studies have yet investigated the effects 
of memantine on cartilage destruction. Howev-
er, memantine has potential therapeutic effects 
in the treatment of osteoarthritis due to cartilage 
degeneration by weakening the activation of the 
Janus kinase 2 (JAK2)/signal transducer and ac-
tivator of transcription protein (STAT)-1 signal-
ling pathway16.

Donepezil17 and memantine18 can also accu-
mulate in various tissues in the body. In addition, 
no studies have examined the effects of combina-
tions of AChEIs and NMDAR antagonists on AF/
NP cells extracted from IVDs and the extracellu-
lar matrix (ECM) structure.

In this study, the effects of donepezil, me-
mantine and donepezil combined with meman-
tine administered separately to human primary 
cell cultures on IVD cells and the ECM structure 
were investigated. Changes in the expression of 
the following proteins were examined: hypox-
ia-inducible factor (HIF)-1 alpha (HIF-1α)1, an 
NP-specific marker; STAT-3 and phospho STAT-3 
(ser727)19, the inhibition of which reduce IVDD; 
and nucleotide-binding oligomerization domain 
(NOD) leucine-rich repeat (LRR)-containing 
proteins (NLR) family pyrin domain containing 
3 (NLRP3) (previously known as NACHT, LRR 
and PYD domains-containing protein 3 [NALP3] 
and cryopyrin)2.

Patients and Methods

Criteria for the Inclusion or Exclusion  
of Tissues Obtained from Patients

When donepezil or memantine are used with 
fluoxetine, paroxetine, ketoconazole or anti-de-
mentia drugs, anticholinergic drugs, conventional 
antipsychotics and bradycardia-inducing drugs 
with major pharmacodynamic interaction poten-
tial, drug-drug interactions may occur at the phar-
macokinetic level20. Therefore, patients who used 
these drugs were excluded from the study. 

Lumbar microdiscectomy or lumbar seques-
trectomy was performed to treat patients with 
lumbar disc herniation, progressive neurologi-
cal deficits and sphincter defects who were un-
responsive to medical and conservative treat-
ments. The resected IVD tissues were included 
in the study.
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Surgical Resection of Tissues  
and Preparation of Primary Cell Cultures

The tissues obtained from the patients (four 
males and four females; mean age 44.98 ± 7.65 
years; classified as Pfirmann stage IV) were trans-
ferred to Falcon tubes containing freshly prepared 
medium. The samples were then transferred to the 
laboratory at 4°C.

The tissues were moved into a flow cabinet, 
transferred to Petri dishes and washed three times 
consecutively with sterile phosphate-buffered sa-
line (PBS). The tissues were minced mechanically 
and degraded enzymatically. After centrifugation, 
suspension and resuspension, the isolated cell 
samples were transferred to flasks and fed with 
a freshly prepared nutrient medium every two 
days for 21 days in an incubator with 5% CO2 at 
37.4°C21. The experiment was performed during 
the third passage.

Drug Treatment of the Cell Cultures
The selection of the donepezil and meman-

tine doses was based on dose-response curves 
produced in previous studies. The concentrations 
used were 20 µM donepezil15 and 10 µM meman-
tine16 per well in Dulbecco’s Modified Eagle Me-
dium (DMEM) and 10% fetal bovine serum (FBS; 
Table I).

Cell Viability, Toxicity and Proliferation 
Analyses

Cell viability was assessed using en-
zyme-linked immunosorbent assays (ELISAs) 
and a commercial 3–(4,5–dimethylthiazol–2–
yl)–2,5–diphenyltetrazolium bromide (MTT) as-
say. The half-lives of donepezil and memantine 
were between 24 h and 60 h in the MTT assay22. 
Therefore, analyses were performed at 0, 24, 48 
and 72 h.

Drug-treated culture medium was discard-
ed from the wells and 100 µl of MTT solution 
(MTT dissolved in 1 ml of sterile PBS at pH 7.4 
to prepare the 12 mM stock solution) was add-
ed to each well. After the primary cell culture 

samples had been incubated for 2 h at 37°C in 
the dark, dimethyl sulfoxide (DMSO) was added 
to the samples to stop the reaction. Primary cell 
cultures were then incubated for an additional 10 
min at 37°C before photometric analysis, which 
was performed at a wavelength of 540 nm. The 
cell viability of the untreated control group was 
taken as 100%6.

Acridine Orange (AO) and Propidium 
Iodide (PI) and Janus Green-B Staining

When stained with both AO and PI, cells with 
viable nuclei produce green fluorescence and 
cells with dead nuclei produce red fluorescence. 
To prepare the AO/PI dye, 4 mg AO (dissolved 
in 2 ml 99% ETOH), 10 g sodium–ethylenedi-
aminetetraacetic acid, 4 mg PI and 50 ml fetal 
bovine serum (FBS) were mixed well. Sterile dis-
tilled water was added to this mixture to produce 
a volume of 200 ml23.

Janus Green-B was used to supravitally stain 
mitochondria in cells. The Janus Green-B indi-
cator changes colour according to the amount of 
oxygen. When oxygen is present, the indicator ox-
idises to a blue colour. In the absence of oxygen, 
the indicator decreases and turns pink24.

Evaluation of Protein Levels by Western 
Blotting

Proteins were separated using 10% sodium 
dodecyl sulphate-polyacrylamide gel electropho-
resis (SDS-PAGE) and immunoblotting was used 
to determine protein expression levels. A polyvi-
nylidene difluoride (PVDF) transfer membrane 
was used to transfer the proteins. Immunoblot-
ting was performed using the WesternBreezeTM 
Chemiluminescent kit (Catalogue no: WB7104, 
Thermo Fisher Scientific, Waltham, MA, USA) 
according to the manufacturer’s instructions. Pri-
mary antibodies specific for HIF-1α (Catalogue 
no: MA1516, Thermo Fisher Scientific, Waltham, 
MA, USA), STAT 3 (Catalogue no: MA113042, 
Thermo Fisher Scientific, Waltham, MA, USA), 
ser727 (Catalogue no: MA515208, Thermo Fisher 

Table I. Drug concentrations administered to the samples and the contents of the groups.

Groups	 Donepezil	 Memantine	 Donepezil and
	 (20 µM)	 (10 µM)	 Memantine Combination

Group 1 (Control)	 -	 -	 -
Group 2	 +	 -	 -
Group 3	 -	 +	 -
Group 4	 -	 -	 +
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Scientific, Waltham, MA, USA) and NLRP-3 in-
flammasome (Catalogue no: MA516274, Thermo 
Fisher Scientific, Waltham, MA, USA) were used. 
β-actin (Catalogue no: MA1-140, Thermo Fisher 
Scientific, Waltham, MA, USA) was used as an 
endogenous control. After treatment with a prima-
ry antibody, sequential washes were performed. 
The membranes were incubated with an alka-
line phosphatase-conjugated secondary antibody. 
Then, the membranes were treated with substrate 
solution after three washes. The protein bands 
were transferred to an X-ray film (Catalogue no: 
34090, Thermo Fisher Scientific, Waltham, MA, 
USA) and analysed using ImageJ software, and 
the specific amount of protein in each sample was 
determined24,25.

Statistical Analysis
Statistical analyses were performed using Minit-

ab version 22.0. Data are presented as a percentage 
(%), mean ± standard deviation, minimum (min) 
and maximum (max). Tukey honestly significant 
difference (HSD), a post hoc test, was performed 
after a one-way analysis of variance (ANOVA) to 
evaluate differences across the group means. The 
confidence level was 95%, and the alpha signifi-
cance value was accepted as < 0.05.

Results

Analysis of the MTT assay results revealed 
that cell proliferation was suppressed after drug 
administration. However, AO/PI staining showed 
that there was no cell death (Figure 1).

Cell proliferation decreased by 25.10%, 
22.66% and 35.13% at 24, 48 and 72 h, respec-
tively, in the donepezil-treated samples compared 
to the control group samples. Cell proliferation 
decreased by 26.10%, 19.80% and 44% at 24, 48 
and 72 h, respectively, in the memantine-treated 
samples compared to the control group samples. 
Cell proliferation decreased by 18.87%, 27.80% 
and 27.26% at 24, 48 and 72 h, respectively, in 
the samples treated with the combination of do-
nepezil and memantine compared to the control 
group samples (Table II and Figure 2). The ob-
tained results were statistically significant (p < 
0.05) (Table III).

Western blot analyses were performed after 
SDS-PAGE, and the results are shown in Figure 3. 

Illustrative Western blots for all proteins are 
given in the Supplementary Data.

The protein expression levels of NLRP3 ex-
pression (1%) remained at the same level as the 
control group, but STAT3, ser727 and HIF-1α in-

Figure 1. Images obtained via inverted microscopy. A, B and C represent the control group samples and show images of 
unstained, Janus Green-B stained and AO and PI stained cells. D, E, J, K, P and Q show donepezil-treated samples at 24, 
48 and 72 h stained with Janus Green-B and AO and PI. F, G, L, M, R and S show memantine-treated samples at 24, 48 
and 72 h stained with Janus Green-B and AO/PI. H, I, N, O, T and U show cells treated with the combination of donepezil 
and memantine at 24, 48 and 72 h stained with Janus Green-B and AO/PI (Janus Green-B stained, 40X magnification; AO 
and PI stained, 10X magnification).

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Data-11693.pdf
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creased by  82%, 13% and 106% at 24 h, respec-
tively, in the donepezil-treated samples compared 
to the control group. NLRP3 decreased by 28%, 
while STAT3, ser727 and HIF-1α increased by 
18%, 19% and 88% at 48 h, respectively. The pro-
tein expression levels of NLRP3, STAT3, ser727 
and HIF-1α decreased by 46%, 17%, 27% and 
12% at 72 h, respectively (Table IV). 

The protein expression levels of NLRP3, 
STAT3, ser727 and HIF-1α decreased at 24 h (43%, 
48%, 93% and 75%), 48 h (27%, 60%, 93% and 
91%) and 72 h (54%, 43%, 82% and 66%) in the 
memantine-treated samples. The protein expres-
sion levels of NLRP3, STAT3, ser727 and HIF-1α 
increased by 97%, 83%, 11% and 13% at 72 h, re-
spectively, and the changes in the protein expres-
sion levels were statistically significant (p < 0.05).

Discussion

IVDD is a pathology characterised by ex-
cessive apoptosis of NP cells and disruption of 
ECM microarchitecture and is a major cause of 
low back pain26. Degenerative changes can lead 
to a wide variety of symptoms, from simple ax-
ial pain to advanced myelopathic symptoms, de-
pending on the location in the spine. Symptoms 
are more common in male patients and degenera-
tion is observed more frequently in patients over 
40 years of age. It is also seen in female patients, 

and it negatively affects their quality of life. The 
increase in IVDD-related pathologies in the age-
ing population means that there is an acute and 
urgent need to develop health care strategies to 
not only prevent, delay or stop disc degeneration, 
but also to regenerate affected discs to maintain or 
improve quality of life27. Therefore, many studies 
have investigated different pharmaceutical and 
biomolecular approaches that might have positive 
therapeutic effects on IVDD.

Ling et al28, reported that a deeper understand-
ing of the pharmaco-molecular mechanisms of 
disc degeneration and inflammation may provide 
a theoretical basis for the development of inter-
vention strategies for lumbar disc tissue. The au-
thors suggested that ECM proteolysis mediated 
by various proteases is involved in IVDD and that 
targeting such proteases may be an effective inter-
vention for IVDD28.

Kedong et al29 reported that if disc inflamma-
tion (which involves several pathological events) 
can be downregulated in IVDD, then disc degen-
eration and low back pain can be eliminated.

The active ingredients of donepezil15 and me-
mantine16 have positive therapeutic effects on 
cartilage degeneration and destruction. However, 
the effects of sole or combined administration of 
donepezil and memantine on IVD cells and the 
ECM structure have not been investigated to date. 
Therefore, in the present study, the effects of do-
nepezil (an AChEI) and memantine (an NMDAR 

Table II. Tukey HSD grouping presentation of proliferation data after descriptive analysis and ANOVA.

Variable	 Time (hours)	 Mean±StDev
	 Tukey HSD

			   Grouping*

Control absorbance (nm)	 0	 0.406±0.00089	 F
	 24	 0.498±0.00121	 C
	 48	 0.525±0.00422	 B
	 72	 0.609±0.00894	 A
Donepzil absorbance (nm)	 0	 0.406±0.00089	 F
	 24	 0.373±0.00089	 H  I
	 48	 0.406±0.00089	 F
	 72	 0.395±0.00089	 G
Memantin absorbance (nm)	 0	 0.406±0.00089	 F
	 24	 0.368±0.00089	 I
	 48	 0.421±0.00089	 E
	 72	 0.341±0.00089	 J
Memantine in combination  
with donepezil absorbance (nm)	 0	 0.406±0.00089	 F
	 24	 0.404±0.00089	 F
	 48	 0.379±0.00767	 H
	 72	 0.443±0.00105	 D

*A: Highest rate of cell viability and proliferation. J: Lowest rate of cell viability and proliferation. Dev stands for standard de-
viation, and HSD stands for honestly significant difference.
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antagonist) applied alone or in combination on 
human degenerated primary AF/NP cells were in-
vestigated by examining the HIF-1α, NLRP3 and 
STAT3 levels.

Some studies have reported that HIF-1α has 
an important role in both NP proliferation and the 
anabolic and catabolic reactions of ECM compo-
nents21,30,31. Here, HIF-1α levels were found to in-
crease at 24 and 48 h in the samples treated with 
donepezil and decrease at 72 h. The HIF-1α levels 
decreased in the samples treated with memantine. 
In addition, HIF-1α increased by 13% at 72 h in 
the samples treated with the combination of done-
pezil and memantine (p < 0.05).

The JAK-STAT pathway, a main intracellular 
signalling pathway, directly affects transcription 
factors. STAT proteins involved in transcription 
are inactive in the cytoplasm; they are phos-
phorylated after ligands bind to their receptors. 
Phosphorylated STAT proteins then dimerise, 
translocate to the cell nucleus and activate the 
transcription of target genes. The presence of 
different levels of negative feedback control of 
STAT signals in the intracellular signalling path-
way has been reported32,33. The persistent activa-
tion of STAT3 also mediates tumour-promoting 
inflammation33.

Wu et al34 suggested that interleukin, which are 
inflammatory factors, and the downstream JAK/
STAT3 pathway are involved in NP cell degenera-

tion, and this idea has attracted interest. Suzuki et 
al35 reported that the JAK/STAT3 pathway plays a 
crucial role in the pathogenesis of IVD degenera-
tion and suppresses the catabolic effect.

Bai et al36 indicated that the JAK2/STAT3 sig-
nalling pathway is involved in the regulation of 
autophagy. They reported that abnormal activa-
tion of the JAK2/STAT3 pathway is involved in 
a variety of pathophysiological processes, includ-
ing apoptosis and autophagy36. The authors also 
reported that they could improve the function of 
NP cells in IVDD by negatively regulating the 
JAK/STAT3 signalling pathway, inhibiting cell 
apoptosis and ECM degradation36.

It is noteworthy that many cytokines signal via 
the JAK/STAT pathway37. For example, STAT3 is 
involved in the differentiation of proinflammatory 
T helper cells, such as T helper-17 cells, which 
play a role in various autoimmune diseases38. 
Activation of STAT3 may occur via phosphor-
ylation of Ser 727 by mitogen-activated protein 
kinases and through c-src, a non-receptor tyrosine 
kinase39,40. However, an increase in STAT can re-
duce degeneration41.

Both donepezil and memantine have been 
reported to reduce the degeneration of cartilage 
cells. Zhang and Zhou15 reported that donepezil 
may prevent the degeneration of cartilage cells by 
suppressing matrix metalloproteinase-13 (MMP-
13)-induced tumour necrosis factor-alpha and by 

Figure 2. MTT-ELISA cell viability, toxicity and proliferation results. The MTT-ELISA is a colorimetric method for assessing 
cell metabolic activity (optical density, 540 nm absorbance).
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inhibiting collagen type 2 degradation via STAT1/
interferon response factor-1. Whereas meman-
tine mediates an anti-inflammatory effect against 
astroglia activation and neuroinflammation by 
blocking NMDA receptors42, 43. It also inhibits ag-
grecan and collagen-2 degradation induced by ad-
vanced glycation end products16. Memantine can 
also slow down articular cartilage degeneration 
by suppressing MMP-13 and affecting the JAK/
STAT signalling pathway, which is important in 
chondrocyte pathophysiology16.

The JAK2/STAT3 signalling pathway plays 
a crucial role in central nervous system inflam-
mation, the immune response, synaptic plasticity, 
neurodegeneration and memory formation, and is 
related to IVDD44. Suppressing or inhibiting the 
STAT3 signalling pathway has a beneficial effect 
in IVDD treatment44,45.

In the present study, the STAT3 and ser727 
levels increased in the samples treated with do-
nepezil compared to the untreated control group 

samples at 24 and 48 h; however, they decreased 
at 72 h. The STAT3 and ser727 levels decreased in 
the samples treated with memantine at 24, 48 and 
72 h. The STAT3 and ser727 levels increased in 
the samples treated with the combination of done-
pezil and memantine at 24, 48 and 72 h (p < 0.05).

NLRP3 inflammasome signalling plays an 
important role in the treatment of IVDD, which 
causes the collapse or herniation of the NP or 
leads to radiculopathy46. As a pattern recognition 
receptor, NLRP3 is involved in the pathological 
processes of many diseases47. Furthermore, the 
NLRP3 inflammasome is associated with IVD 
inflammation, pyroptosis, ECM degradation and 
IVD cell apoptosis48. Activation of the NLRP3 
inflammasome facilitates the induction of matrix 
metalloproteinases, causing damage to NP tissue 
and IVDD48,49. In the present study, the NLRP3 
level decreased in the culture samples treated with 
donepezil and memantine alone compared to the 
untreated control group samples at 72 h. However, 

Table III. Assessment of the cell viability of AF and NP cells following drug treatment.

Source	 Adj SS	 Adj MS	 F-value	 p-value*

Groups	 0.239587	 0.079862	 7613.48	 0.000
Time (hours)	 0.026319	 0.008773	 836.35	 0.000
Groups vs. Time	 0.139484	 0.015498	 1477.49	 0.000

* p <0.05 and data were analyzed using a one way analysis of variance. Adj SS, adjusted sum of squares; Adj MS, adjusted mean square.

Figure 3. Demographic Western blot images of drug-treated samples (20 µM/well donepezil and 10 µM/well memantine, alone 
or in combination) and untreated samples. “C” represents control group samples.
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the NLRP3 level increased in the culture samples 
treated with the combination of donepezil and me-
mantine at 72 h.

Commercial cell lines50 and animal tissue51 
are generally used in research. However, it is 
well known that the phenotype and genotype of 
commercial cell lines are often different from 
those of primary cells. Furthermore, results ob-
tained in studies that use animal tissue may differ 
from results obtained in studies that use human 
tissues6,24,25,52. In the present study, primary cell 
cultures prepared from human degenerated IVDs 
were used. This may enhance the value of the 
study.

Cell proliferation decreased in the culture sam-
ples treated with donepezil (35.13%) and meman-
tine (44.00%) alone, and the combination of done-
pezil and memantine (27.26%) at 72 h. Typically, 
the toxicity of a drug administered alone is po-
tentiated when it is administered in combination. 
However, in this study, cell proliferation was less 
affected by the drug combination than the drugs 
administered alone. 

The decrease in NLRP3 and STAT3 levels, as 
well as the significant decrease in STAT3 phos-
phorylation when memantine was administered 
alone showed that this drug may be beneficial 
in suppressing inflammation and pain caused by 
inflammation in IVDD. However, a decrease in 
the amount of HIF-1α was observed in meman-
tine application. It is also an important fact that 
the response to decreased HIF-1α in IVD cells 
should be evaluated in more detail. In addition, 
the results of this study, which was consistent with 
a limited number of cases, need to be confirmed 
with a larger number of cases. 

The increase in STAT3 and STAT3 phosphor-
ylation in the first 48 hours in cultures treated 
with donepezil can be interpreted as an immediate 
response by the cells. Likewise, HIF-1α  expres-

sion increased in the first 48 hours in this treat-
ment group. For this reason, it can be said that 
donepezil does not have the potential to be used 
for pain relief in IVDD. In addition, the increase 
in NLRP3 and STAT3 in donepezil/memantine 
combined applications showed that these drugs 
would have a negative effect on the inflammation 
observed in IVDD.

All culture samples were prepared using tissues 
obtained from a small number of patients. This is 
the first limitation of this research. The experi-
ments were repeated to eliminate this limitation. 
It is known that memantine is excreted mainly via 
the hepatic system, with a minor portion excreted 
via the renal system53. Donepezil is metabolised 
by hepatic enzymes and reduced to its active me-
tabolite, 6-deoxy-donepezil54. Cytochrome P450 
(CYP) 2D6, CYP3A4, CYP3A5 and CYP2C9 are 
involved in donepezil metabolism54. The present 
research was performed using an in vitro exper-
imental set-up; therefore, clinically relevant re-
sults can only be predicted. Unlike in vivo experi-
ments, no compensatory mechanism is present in 
an in vitro experimental set-up. Due to the lack of 
any in vivo experience with an inflammatory pain 
model, we cannot further support our in vitro find-
ings. Further in vivo studies are required to inform 
the level of evidence that reduced pain signaling 
is observable with memantine alone. Therefore, 
the in vivo effects of memantine and donepezil 
cannot be predicted using the results of this study. 
This is a second limitation of the research.

Conclusions

HIF-1α, NLRP3, STAT3 and ser727, the phos-
phorylated form of STAT3, are involved in signal-
ling pathways associated with IVD inflammation, 
pyroptosis, ECM degradation and apoptosis of 

Table IV. Presentation in folds of changes in protein expressions value (r) in drugs treated samples.

	 βActin	 NLRP3	 STAT3	 Ser727	 Hif-1α

Control 	 1	 1	 1	 1	 1
Donepezil 24 h	 1	 1.01	 1.82	 1.13	 2.06
Donepezil 48 h	 1	 0.72	 1.18	 1.19	 1.88
Donepezil 72 h	 1	 0.54	 0.83	 0.73	 0.88
Memantine 24 h	 1	 0.57	 0.52	 0.07	 0.25
Memantine 48 h	 1	 0.73	 0.40	 0.07	 0.09
Memantine 72 h	 1	 0.46	 0.57	 0.18	 0.34
Donepezil/Memantine 24 h	 1	 0.78	 0.89	 0.30	 0.50
Donepezil/Memantine 48 h	 1	 1.29	 1.43	 0.21	 1.01
Donepezil/Memantine 72 h	 1	 1.97	 1.83	 1.11	 1.13 



Effects of Memantine and Donepezil on intervertebral disc cells

4417

AF/NP cells. In the present study, both donepezil 
and memantine changed the expression of these 
proteins. The results indicate that if the pharma-
ceutical formulations memantine (an NMDAR 
antagonist) can be manipulated may have poten-
tial as treatment options for NP inflammation and 
IVDD but not donepezil (an AChEI) administered 
-alone or in combination- However, it should be 
kept in mind that the present research was con-
ducted using an in vitro experimental set-up. 

Conflict of Interest 
The authors declare that they have no conflict of interests.

Availability of Data 
The data and materials generated/analyzed in the present study 
are available from the corresponding author upon request.

Ethical Approval
Informed consent forms were obtained from patients whose 
tissues were used to prepare primary cell cultures. Approval 
was also obtained from the Local Ethics Committee of the 
School of Medicine of Haliç University (Date: 23.02.2022, 
Number: 46).

Authors’ Contribution
I.Y., is the principal author of this study, and idea initiation, 
study design and data analysis, data collection, drafting of the 
article; IY and HA: Preparation of human primary cell cul-
tures from tissues and application to cultures after prepara-
tion of drugs; IY, HA and DYS: Molecular analysis; NK and 
NeK: Inclusion criteria of the cases whose tissues were used 
and surgical resection of tissues; NK, NeK and HO: Revising 
the article for scientific and intellectual content; IY and HO: 
Statistical analysis and interpretation of the data; IY, DYS, 
NK and HO: Final approval of the version to be published. All 
authors read and approved the final manuscript.

ORCID ID
Ibrahim Yılmaz: 0000-0003-2003-6337 
Hande Akalan: 0000-0002-5922-2498
Duygu Yasar Sirin: 0000-0002-1224-442X
Numan Karaarslan: 0000-0001-5590-0637
Necati Kaplan: 0000-0001-5672-0566
Hanefi Ozbek: 0000-0002-8084-7855

References

    1)	Sconza C, Leonardi G, Kon E, Respizzi S, Mas-
sazza G, Marcacci M, Di Matteo B. Oxygen-ozone 
therapy for the treatment of low back pain: a sys-
tematic review of randomized controlled trials. Eur 
Rev Med Pharmacol Sci 2021; 25: 6034-6046.

    2)	Zhou Y, Chen Z, Yang X, Cao X, Liang Z, Ma H, 
Zhao J. Morin attenuates pyroptosis of nucleus 
pulposus cells and ameliorates intervertebral disc 
degeneration via inhibition of the TXNIP/NLRP3/
Caspase-1/IL-1β signaling pathway. Biochem Bio-
phys Res Commun 2021; 559: 106-112.

    3)	Zhang QX, Guo D, Wang FC, Ding WY. Necrosul-
fonamide (NSA) protects intervertebral disc degen-
eration via necroptosis and apoptosis inhibition. Eur 
Rev Med Pharmacol Sci 2020; 24: 2683-2691. 

    4)	Cui L, Wei H, Li ZM, Dong XB, Wang PY. TGF-β1 
aggravates degenerative nucleus pulposus cells 
inflammation and fibrosis through the upregulation 
of angiopoietin-like protein 2 expression. Eur Rev 
Med Pharmacol Sci 2020; 24: 12025-12033.

    5)	Zhong WX, Zhang GS, Tang J. The effect of Nrf2 
activators tBHQ and 4-octyl itaconate on the nu-
cleus pulposus cell degeneration. Eur Rev Med 
Pharmacol Sci 2021; 25: 5189-5198. 

    6)	Karaarslan N, Yilmaz I, Sirin DY. Toxicity of the 
acetyl-para-aminophenol group of medicines to in-
tact intervertebral disc tissue cells. Exp Ther Med 
2021; 21: 147.

    7)	Kaya YE, Karaarslan N, Sirin DY, Ozbek H, Ka-
plan N, Yilmaz I. Investigation of the effects of 
methylphenidate, an amphetamine derivative, on 
intervertebral disc tissue cell cultures and matrix 
structures. Turk Neurosurg 2019; 29: 734-742.

    8)	Huang Y, Alsabbagh MW. Comparative risk of car-
diac arrhythmias associated with acetylcholines-
terase inhibitors used in treatment of dementias - 
a narrative review. Pharmacol Res Perspect 2020; 
8: e00622.

    9)	Zhou HY, Chen SR, Pan HL. Targeting N-meth-
yl-D-aspartate receptors for treatment of neuro-
pathic pain. Expert Rev Clin Pharmacol 2011; 4: 
379-388.

  10)	Ladagu AD, Olopade FE, Folarin OR, Elufioye 
TO, Wallach JV, Dybek MB, Olopade JO, Adejare 
A. Novel NMDA-receptor antagonists ameliorate 
vanadium neurotoxicity. Naunyn Schmiedebergs 
Arch Pharmacol 2020; 393: 1729-1738.

  11)	Dogan G, Karaca O. N-methyl-D-aspartate recep-
tor antagonists may ameliorate spinal cord inju-
ry by inhibiting oxidative stress: an experimental 
study in rats. Turk Neurosurg 2020; 30: 60-68.

  12)	Bojcevski J, Stojic A, Hoffmann DB, Williams SK, 
Müller A, Diem R, Fairless R. Influence of retinal 
NMDA receptor activity during autoimmune optic 
neuritis. J Neurochem 2020; 153: 693-709.

  13)	Marrero-Rosado BM, de Araujo Furtado M, Kun-
drick ER, Walker KA, Stone MF, Schultz CR, 
Nguyen DA, Lumley LA. Ketamine as adjunct to 
midazolam treatment following soman-induced 
status epilepticus reduces seizure severity, epilep-
togenesis, and brain pathology in plasma carbox-
ylesterase knockout mice. Epilepsy Behav 2020; 
111: 107229.

  14)	Khan ZH, Hamidi S, Miri M, Majedi H, Nourijelyani 
K. Post-operative pain relief following intrathecal 
injection of acetylcholine esterase inhibitor during 



I. Yilmaz, H. Akalan, D. Yasar Sirin, N. Karaarslan, N. Kaplan, H. Ozbek

4418

lumbar disc surgery: a prospective double blind 
randomized study. J Clin Pharm Ther 2008; 33: 
669-675.

  15)	Zhang D, Zhou Y. The protective effects of done-
pezil (DP) against cartilage matrix destruction in-
duced by TNF-α. Biochem Biophys Res Commun 
2014; 454: 115-118.

  16)	Zhao J, Yu Y, Wu Z, Wang L, Li W. Memantine 
inhibits degradation of the articular cartilage extra-
cellular matrix induced by advanced glycation end 
products (AGEs). Biomed Pharmacother 2017; 
91: 1193-1198.

  17)	Watabe T, Naka S, Ikeda H, Horitsugi G, Kanai Y, 
Isohashi K, Ishibashi M, Kato H, Shimosegawa 
E, Watabe H, Hatazawa J. Distribution of intrave-
nously administered acetylcholinesterase inhibitor 
and acetylcholinesterase activity in the adrenal 
gland: 11C-donepezil PET study in the normal rat. 
PLoS One 2014; 9: e107427.

  18)	Wesemann W, Sturm G, Fünfgeld EW. Distribution 
of metabolism of the potential anti-parkinson drug 
memantine in the human. J Neural Transm Suppl 
1980; 16: 143-148.

  19)	Dai S, Liang T, Shi X, Luo Z, Yang H. Corrigendum 
to “Salvianolic Acid B Protects Intervertebral Discs 
from Oxidative Stress-Induced Degeneration via 
Activation of the JAK2/STAT3 Signaling Pathway”. 
Oxid Med Cell Longev 2022; 2022: 9874240.

  20)	Caraci F, Sultana J, Drago F, Spina E. Clinically 
relevant drug interactions with anti-Alzheimer’s 
drugs. CNS Neurol Disord Drug Targets 2017; 16: 
501-513.

  21)	Karaarslan N, Yilmaz I, Ozbek H, Sirin DY, Ka-
plan N, Akyuva Y, Gonultas A, Ates O. Are Specific 
Gene Expressions of Extracellular Matrix and Nu-
cleus Pulposus Affected by Primary Cell Cultures 
Prepared from Intact or Degenerative Intervertebral 
Disc Tissues? Turk Neurosurg 2019; 29: 43-52.

  22)	Erkent U, Koytchev R. The use of truncated area un-
der the curves in the bioequivalence evaluation of 
long half-life drugs. Studies with donepezil and me-
mantine. Arzneimittelforschung 2008; 58: 255-258.

  23)	Karaarslan N, Yilmaz I, Ozbek H, Yasar Sirin D, 
Kaplan N, Caliskan T, Ozdemir C, Akyuva Y, Ates 
O. Are radio-contrast agents commonly used in 
discography toxic to the intact intervertebral disc 
tissue cells? Basic Clin Pharmacol Toxicol 2019; 
124: 181-189.

  24)	Yilmaz I, Karaarslan N. Examining the effects of 
HMG-CoA reductase inhibitors on anabolic and 
catabolic signaling pathway proteins associat-
ed with degenerative disc disease. Eur Rev Med 
Pharmacol Sci 2022; 26: 2990-3000.

  25)	Yilmaz I, Karaarslan N, Yasar Sirin D, Ozbek H. 
Pharmaco-molecular assessment of the effects of 
anandamide and its antagonists on hippocampal 
tissue in Wistar albino rats. Eur Rev Med Pharma-
col Sci 2020; 24: 11871-11882.

  26)	Shao Z, Wang B, Shi Y, Xie C, Huang C, Chen B, 
Zhang H, Zeng G, Liang H, Wu Y, Zhou Y, Tian N, 
Wu A, Gao W, Wang X, Zhang X. Senolytic agent 

Quercetin ameliorates intervertebral disc degener-
ation via the Nrf2/NF-κB axis. Osteoarthritis Carti-
lage 2021; 29: 413-422.

  27)	Richardson SM, Kalamegam G, Pushparaj PN, 
Matta C, Memic A, Khademhosseini A, Mobasheri 
R, Poletti FL, Hoyland JA, Mobasheri A. Mesen-
chymal stem cells in regenerative medicine: Focus 
on articular cartilage and intervertebral disc regen-
eration. Methods 2016; 99: 69-80.

  28)	Liang H, Luo R, Li G, Zhang W, Song Y, Yang C. 
The proteolysis of ECM in intervertebral disc de-
generation. Int J Mol Sci 2022; 23: 1715.

  29)	Kedong H, Wang D, Sagaram M, An HS, Chee A. 
Anti-inflammatory effects of interleukin-4 on inter-
vertebral disc cells. Spine J 2020; 20: 60-68.

  30)	Wang ZY, Liu JG, Wei Y, Liu MX, Wang Q, Liang 
L, Yang HM, Li H. Huannao Yicong Formula () 
regulates γ-secretase activity through APH-1 and 
PEN-2 gene ragulation pathways in hippocampus 
of APP/PS1 double transgenic mice. Chin J Integr 
Med 2017; 23: 270-278.

  31)	Kaplan N, Yilmaz I, Karaarslan N, Kaya YE, Sirin 
DY, Ozbek H. Does nimodipine, a selective calci-
um channel blocker, impair chondrocyte prolifer-
ation or damage extracellular matrix structures? 
Curr Pharm Biotechnol 2019; 20: 517-524.

  32)	Morris R, Kershaw NJ, Babon JJ. The molecular 
details of cytokine signaling via the JAK/STAT 
pathway. Protein Sci 2018; 27: 1984-2009.

  33)	Yuan ZL, Guan YJ, Wang L, Wei W, Kane AB, 
Chin YE. Central role of the threonine residue 
within the p+1 loop of receptor tyrosine kinase in 
STAT3 constitutive phosphorylation in metastatic 
cancer cells. Mol Cell Biol 2004; 24: 9390-9400.

  34)	Wu C, Ge J, Yang M, Yan Q, Wang Y, Yu H, Yang H, 
Zou J. Resveratrol protects human nucleus pulpo-
sus cells from degeneration by blocking IL-6/JAK/
STAT3 pathway. Eur J Med Res 2021; 26: 81.

  35)	Suzuki S, Fujita N, Fujii T, Watanabe K, Yagi M, 
Tsuji T, Ishii K, Miyamoto T, Horiuchi K, Nakamu-
ra M, Matsumoto M. Potential Involvement of the 
IL-6/JAK/STAT3 Pathway in the Pathogenesis of 
Intervertebral Disc Degeneration. Spine (Phila Pa 
1976) 2017; 42: E817-E824.

  36)	Bai X, Jiang M, Wang J, Yang S, Liu Z, Zhang H, 
Zhu X. Cyanidin attenuates the apoptosis of rat nu-
cleus pulposus cells and the degeneration of inter-
vertebral disc via the JAK2/STAT3 signal pathway 
in vitro and in vivo. Pharm Biol 2022; 60: 427-436.

  37)	Hu X, Li J, Fu M, Zhao X, Wang W. The JAK/STAT 
signaling pathway: from bench to clinic. Signal 
Transduct Target Ther 2021; 6: 402.

  38)	Toma G, Lemnian IM, Karapetian E, Grosse I, 
Seliger B. Transcriptional analysis of total CD8+ 
T cells and CD8+CD45RA- memory T cells from 
young and old healthy blood donors. Front Immu-
nol 2022; 13: 806906.

  39)	Yang XO, Panopoulos AD, Nurieva R, Chang SH, 
Wang D, Watowich SS, Dong C. STAT3 regulates 
cytokine-mediated generation of inflammatory 
helper T cells. J Biol Chem 2007; 282: 9358-9363. 



Effects of Memantine and Donepezil on intervertebral disc cells

4419

  40)	Gkouveris I, Nikitakis N, Karanikou M, Rassidakis 
G, Sklavounou A. Erk1/2 activation and modula-
tion of STAT3 signaling in oral cancer. Oncol Rep 
2014; 32: 2175-2182.

  41)	Chen B, Liu Y, Zhang Y, Li J, Cheng K, Cheng 
L. IL-21 is positively associated with interverte-
bral disc degeneration by interaction with TNF-α 
through the JAK-STAT signaling pathway. Inflam-
mation 2017; 40: 612-622.

  42)	Mishra SK, Hidau M, Rai S. Memantine and Ibu-
profen pretreatment exerts anti-inflammatory 
effect against streptozotocin-induced astroglial 
inflammation via modulation of NMDA recep-
tor-associated downstream calcium ion signaling. 
Inflammopharmacology 2021; 29: 183-192.

  43)	Lu RB, Wang TY, Lee SY, Chang YH, Chen SL, 
Tsai TY, Chen PS, Huang SY, Tzeng NS, Lee IH, 
Chen KC, Yang YK, Hong JS. Add-on memantine 
may improve cognitive functions and attenuate in-
flammation in middle- to old-aged bipolar II disor-
der patients. J Affect Disord 2021; 279: 229-238.

  44)	Zhou T, Lin H, Cheng Z, Ji C, Zhang C, Tian J. 
Mechanism of microRNA-146a-mediated IL-6/
STAT3 signaling in lumbar intervertebral disc de-
generation. Exp Ther Med 2017; 14: 1131-1135.

  45)	Miao D, Zhang L. Leptin modulates the expression 
of catabolic genes in rat nucleus pulposus cells 
through the mitogen-activated protein kinase and 
Janus kinase 2/signal transducer and activator of 
transcription 3 pathways. Mol Med Rep 2015; 12: 
1761-1768.

  46)	Zhao Y, Qiu C, Wang W, Peng J, Cheng X, Shang-
guan Y, Xu M, Li J, Qu R, Chen X, Jia S, Luo D, 
Liu L, Li P, Guo F, Vasilev K, Liu L, Hayball J, Dong 
S, Pan X, Li Y, Guo L, Cheng L, Li W. Cortistatin 
protects against intervertebral disc degeneration 
through targeting mitochondrial ROS-dependent 
NLRP3 inflammasome activation. Theranostics 
2020; 10: 7015-7033.

  47)	Chao-Yang G, Peng C, Hai-Hong Z. Roles of 
NLRP3 inflammasome in intervertebral disc degen-
eration. Osteoarthritis Cartilage 2021; 29: 793-801.

  48)	Song Y, Wang Y, Zhang Y, Geng W, Liu W, Gao Y, 
Li S, Wang K, Wu X, Kang L, Yang C. Advanced 
glycation end products regulate anabolic and cat-
abolic activities via NLRP3-inflammasome activa-
tion in human nucleus pulposus cells. J Cell Mol 
Med 2017; 21: 1373-1387.

  49)	Mariotte A, De Cauwer A, Po C, Abou-Faycal C, 
Pichot A, Paul N, Aouadi I, Carapito R, Frisch B, 
Macquin C, Chatelus E, Sibilia J, Armspach JP, Bah-
ram S, Georgel P. A mouse model of MSU-induced 
acute inflammation in vivo suggests imiquimod-de-
pendent targeting of Il-1β as relevant therapy for 
gout patients. Theranostics 2020; 10: 2158-2171.

  50)	Eissa N, Venkatachalam K, Jayaprakash P, 
Falkenstein M, Dubiel M, Frank A, Reiner-Link D, 
Stark H, Sadek B. The Multi-Targeting Ligand ST-
2223 with Histamine H3 Receptor and Dopamine 
D2/D3 Receptor Antagonist Properties Mitigates 
Autism-Like Repetitive Behaviors and Brain Oxi-
dative Stress in Mice. Int J Mol Sci 2021; 22: 1947.

  51)	Latif S, Kang YS. Change in cationic amino acid 
transport system and effect of lysine pretreatment on 
inflammatory state in amyotrophic lateral sclerosis 
cell model. Biomol Ther (Seoul) 2021; 29: 498-505.

  52)	Yilmaz I, Karaarslan N, Ozbek H. Practical per-
formance of hippocampal tissue resection in rats 
in pharmacomolecular research. Turk Neurosurg 
2021; 31: 112-118.

  53)	Choi YA, Song IS, Choi MK. Pharmacokinetic 
drug-drug interaction and responsible mechanism 
between memantine and cimetidine. Pharmaceu-
tics 2018; 10: 119.

  54)	Lu J, Wang X, Wan L, Fu J, Huo Y, Zhao Y, Guo 
C. Gene Polymorphisms Affecting the Pharmaco-
kinetics and Pharmacodynamics of Donepezil Effi-
cacy. Front Pharmacol 2020; 11: 934. 


