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Background. Recent research has increasingly highlighted the intricate crosstalk between the immune and nervous systems, particularly
in the context of neurological pathogenesis. Gabapentin, a structural analogue of y-aminobutyric acid (GABA) conventionally prescribed
for epilepsy and neuropathic pain, is now gaining attention for its potential immunomodulatory properties. While it is well established that
the nervous, endocrine, and immune systems coordinate through a complex network of shared signaling molecules, the specific impact of
gabapentin on macrophages — the primary effectors of innate immunity that also orchestrate adaptive responses via antigen presentation —
remains poorly understood.

Methods. To elucidate gabapentin’s immunomodulatory capabilities, the murine macrophage cell line J774.2 was exposed to varying
concentrations of the drug in the presence or absence of lipopolysaccharide (LPS). Following treatment, the secretion profiles of major
inflammatory cytokines, specifically IL-6, TNF-o, IL-12p40, and GM-CSF, were quantified utilizing enzyme-linked immunosorbent assays
(ELISA).

Results. Our analyses revealed that gabapentin exerted a significant, dose-dependent suppressive effect on the production of IL-6, TNF-o,
and IL-12p40 in LPS-stimulated macrophages. Conversely, the secretion of GM-CSF remained largely unaffected. Importantly, none of the
tested concentrations induced cytotoxicity, demonstrating that gabapentin effectively dampens the release of pro-inflammatory cytokines
without compromising overall macrophage viability.

Conclusion. In summary, this study provides compelling evidence for the selective anti-inflammatory and immunomodulatory actions
of gabapentin on macrophages. These findings broaden our understanding of gabapentin’s pharmacological profile beyond its classical
neurological applications, underscoring its potential therapeutic value in the clinical management of neuroinflammatory and immune-mediated
conditions.
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OcTaHHIM 4acoM 3pOCTa€ iHTepec J0 B3aeMoAil IMyHHOI Ta HepBOBOi cucTeM. ['abaneHTHH — CTPYKTYpHUI aHAIOT Y-aMiHOMACIISTHOT
KHCJIOTH, IO IMIHPOKO 3aCTOCOBYETHCS IS TIKYBAaHHS HEHPOIIATHIHOTO OOJIIO Ta CIIIeNCii, — pO3NIsIAEThCS K HOTEHI[IHHUN IMyHOMOTYITIO-
104nii areHT. BogHodac Horo BIUIMB Ha KIIITHHU BPOIXKEHOTO IMyHITETY, 30KpeMa Makpo(daru, 3aIHIIaeThCsl HEAO0CTaTHBO BUBYEHUM. Y IIbOMY
nocnipkeHHi Makpodarn Muri JiHii J774.2 06po0isiig pisHUME KOHLEHTpaLisiMU rabaneHTHHY 32 HasBHOCTI ab0 BiJICYTHOCTI Jiinomnoica-
xapupy. PiBHi npo3anansanx nutokiHiB (IL-6, TNF-a, IL-12p40, GM-CSF) Bu3navamu meromoM iMyHo(epMeHTHOTO aHaTi3y. BeranosieHo,
110 rabaneHTuH A0303aNexHO 3HKYye nponykuito IL-6, TNF-a ta IL-12p40 y LPS-ctumynsoBaHuX Makpogarax, He BIUIMBAaIOYH Ha PiBEHb
GM-CSF i xwurre3narHicTs KnitHH. OTpUMaHi pe3ynbTaTé CBig4aTh PO MPOTH3ANajiIbHI Ta IMyHOMOJY/IOKOYI BIACTUBOCTI TabaneHTHHY
1 PO3MIMPIOIOTH YSIBICHHS PO MOMKIIMBOCTI HOTO 3aCTOCYBaHHS 32 IMyHO3AJIXKHIX 1 HeHpO3anaabHUX CTaHiB.

Kuro4oBi ci10Ba: 3anmaneHHs, iMyHOMOIYAATOp, TaOalleHTHH, IIMTOKIHN, HEHPOIMyHHA B3a€MOJISL.
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Introduction

Gabapentin is a structural analogue of a structural analogue
of y-aminobutyric acid (GABA) and is primarily prescribed
for the treatment of neuropathic pain, partial seizures, and
postherpetic neuralgia [1]. Although its mechanism of
action is not fully understood, gabapentin binds to the 020
subunit of voltage-gated calcium channels in the central
nervous system, thereby modulating neurotransmitter release
[2]. Despite its favorable efficacy in various neurological
disorders, gabapentin has been associated with adverse effects
such as dizziness, fatigue, and more recently, immunological
alterations [3]. There is growing clinical and experimental
interest regarding its impact on immune cells, as some reports
suggest gabapentin may suppress cytokine production or
modulate inflammatory responses [4].

Our study aims to investigate the potential immuno-
modulatory effects of gabapentin on macrophage cells, which
play a central role in both innate and adaptive immunity.
Macrophages, which are differentiated from circulating
monocytes, are essential in host defense through their roles
in antigen presentation, phagocytosis, and cytokine secretion
[5-7]. Their interaction with pathogen-associated molecular
patterns (PAMPs), such as lipopolysaccharide (LPS),
initiates signaling cascades leading to the release of pro-
inflammatory cytokines including IL-6, TNF-a, and IL-12
[8; 9]. Modulation of these cytokines may reflect the drug’s
influence on immune activation or suppression.

Since gabapentin’s direct effects on immune cells,
particularly macrophages, remain poorly understood, our
study addresses a crucial knowledge gap. We hypothesize
that gabapentin, upon exposure to activated macrophage
cells, may alter cytokine production levels in response to
LPS stimulation. Considering the role of macrophages in
inflammatory and neuroimmune interactions, understanding
these effects may provide insights into gabapentin’s broader
impact on the immune system and potentially inform its
long-term safety profile in vulnerable patient populations.

Materials and Methods

2.1. Cell culture and drug treatment

Gabapentin  (P4666, Sigma-Aldrich, USA) was
obtained from Sigma-Aldrich, and murine macrophage cell
line J774.2 were sourced from the American Type Culture
Collection (ATCC). All procedures were carried out under
BSL2 aseptic conditions to prevent contamination. The
compound was dissolved in sterile distilled water to a
final concentration of 10 mg/mL. J774 macrophage cells
were cultured in Roswell Park Memorial Institute 1640
medium (RPMI 1640; 11875093, Thermo Scientific,
USA) supplemented with 10 % fetal bovine serum (FBS;
A5209501, Thermo Scientific, USA) and 1 % antibiotic
solution (100 upg/mL streptomycin and 100 pg/mL
penicillin; 15140122, Thermo Scientific, USA) [10; 11].
The cells were plated in 24-well plates at a density of 10°
cells per well and allowed to adhere for 24 hours at 37 °C
in a humidified 5 % CO: incubator. Subsequently, the cells
were treated with 1, 5, and 10 ug/mL concentrations of
gabapentin, either alone or in combination with 1 ug/mL
lipopolysaccharide (LPS; L5293, Sigma-Aldrich, USA).
The negative control group consisted of cells maintained in
culture medium without any treatment.
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2.2. Cell Viability Assay

Cell viability was assessed using Trypan Blue exclusion
staining. For this, an equal volume of Trypan Blue solution
was mixed with the cell suspension. The mixture was then
loaded onto a hemocytometer, and both stained (non-
viable) and unstained (viable) cells were counted. Viability
was calculated by subtracting the number of blue-stained
cells from the total cell count, dividing the result by the
total, and multiplying by 100 to obtain a percentage. All
experiments were carried out in triplicate, including three
biological replicates. Statistical significance was analyzed
using the Student’s t-test in GraphPad Prism version V.

2.3. The determination of immunomodulatory activity

After a 24-hour incubation with different gabapentin
concentrations, cell culture supernatants were collected.
Cytokine quantification was performed using ELISA kits
from BD Biosciences (CA, USA), specifically IL-12p40
(Cat. No. 555220), GM-CSF (Cat. No. 555126), TNF-a
(Cat. No. 555212), and IL-6 (Cat. No. 555183). In brief,
ELISA plates were pre-coated with specific monoclonal
antibodies for each cytokine and incubated overnight. After
incubation, the collected supernatants were transferred
into the antibody-coated wells and further incubated for
24 hours. Following this, the wells were emptied, and
100 pL of TMB substrate (555214, BD Biosciences, USA,
USA) was added for 1 hour. To terminate the colorimetric
reaction, 1 M sulfuric acid (339741, Sigma-Aldrich, USA)
was applied. Absorbance was then read at 450 nm using
an ELISA microplate reader (BioTek® 800 TS Absorbance
Reader, USA). Cytokine concentrations were calculated by
comparing the absorbance values with a standard curve.
For statistical analysis, the Student’s t-test was performed
using GraphPad Prism Version 10.0 [10; 11].

Ethical considerations

This study was conducted using established murine
macrophage cell lines (J774.2) obtained from a certified
cell repository. No human participants or experimental
animals were involved in this research. Therefore, approval
from an institutional ethics committee was not required.
All animal experiments were conducted in accordance with
the European Convention for the Protection of Vertebrate
Animals (Strasbourg, 1986) and applicable ethical guidelines.

Research results and their discussion

3.1. Gabapentin was used at non-cytotoxic concentrations

Trypan Blue staining was performed to assess the
viability of J774.2 macrophages following exposure to
varying concentrations of gabapentin, with or without LPS
stimulation (Fig. 1). No significant differences in cell viability
were observed between treated and untreated groups at
concentrations ranging from 1 to 10 pg/mL. Therefore, these
doses were deemed non-cytotoxic for the cells.

3.2. Gabapentin had anti-inflammatory effects on
J774.2 cells

Immunomodulation refers to the ability of a compound
to alter immune cell activity by enhancing or suppressing
the production of pro- or anti-inflammatory cytokines. To
assess the immunomodulatory potential of Gabapentin
on macrophages, cytokine levels of IL-6 (Fig. 2), TNF-a
(Fig. 3), IL-12p40 (Fig. 4), and GM-CSF (Fig. 5) were
measured in J774.2 cells. Upon LPS stimulation, the levels
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Fig. 1. The cell viability results upon incubation
with Gabapentin

of IL-6, TNF-a, and IL-12p40 showed a marked increase,
confirming the activation of the inflammatory response.
However, Gabapentin treatment — especially at higher
concentrations — resulted in a significant, dose-dependent
decrease in cytokine production. Notably, cells treated with
Gabapentin alone did not show any significant cytokine
elevation, indicating that the drug itself does not provoke
inflammation. These findings suggest that Gabapentin
can attenuate LPS-induced inflammatory signaling in
macrophages, supporting its potential role as an anti-
inflammatory agent with immunomodulatory properties.

Gabapentin, initially developed for neuropathic pain
and seizure control, is gaining increasing attention for its
potential immunomodulatory effects beyond the central
nervous system [12; 13]. As neuroinflammation has been
identified as a key contributor to many neuropsychiatric
and neuropathic disorders, exploring how gabapentin
influences immune cell function is crucial to understanding
its broader therapeutic utility.
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Fig. 4. The production levels of IL-12p40 in J774.2 cells
in the presence of in the presence or absence of LPS
(*-p<0.001, ** —p <0.0005, N = 3)
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Fig. 2. The production levels of IL-6 in J774.2 cells

in the presence of in the presence or absence
of LPS (* — p <0.001, ** — p < 0.0005, N = 3)
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Fig. 3. The production levels of TNF- a in J774.2 cells
in the presence of in the presence or absence of LPS
(* —p <0.001, ** —p < 0.0005, *** —

p <0.0001, N =3)
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Fig. 5. The productlon levels of GM-CSF in J774.2 cells
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in the presence of in the presence or absence of LPS

In this study, we investigated the effect of gabapentin
on LPS-induced cytokine production in the murine
macrophage cell line J774.2. Using ELISA, we quantified
the levels of IL-6, TNF-a, IL-12p40, and GM-CSF. As
expected, LPS stimulation led to a marked increase in
IL-6, TNF-a, and IL-12p40 levels, confirming macrophage
activation. Co-treatment with gabapentin resulted in a dose-
dependent suppression of these cytokines, with the most
significant inhibition observed at 10 pg/mL. In contrast,
GM-CSF levels remained unchanged across all conditions,
suggesting a selective modulation of inflammatory
pathways.

IL-6, a key mediator of the acute phase response and
chronic inflammation [9], was significantly reduced at the
highest gabapentin dose, while lower concentrations (1 and
5 pg/mL) showed more moderate effects. These results
support earlier findings that gabapentin may downregulate
IL-6 via glial and macrophage pathways [14].

Similarly, TNF-a, which plays a central role in initiating
inflammatory cascades [15], showed a significant dose-
dependent decline, with 10 pg/mL gabapentin producing
the most pronounced reduction. This is consistent with
previous in vitro studies demonstrating gabapentin’s ability
to suppress TNF-a in activated macrophages [15].

Gabapentin also suppressed IL-12p40, a subunit of
IL-12 and IL-23 involved in Thl immune responses and
autoimmune pathogenesis [16]. The downregulation of
IL-12p40 suggests that gabapentin may attenuate Thl-
driven inflammation, further supporting its potential in
modulating cellular immunity.

In contrast, GM-CSF, a critical hematopoietic growth
factor and cytokine essential for macrophage differentiation

and its immunomodulatory effects are likely limited to
inflammatory signaling rather than affecting cellular
maintenance pathways [8].

Conclusions

In summary, our findings reveal that gabapentin
can selectively inhibit pro-inflammatory cytokines such
as IL-6, TNF-o, and IL-12p40 in LPS-stimulated
macrophages, while leaving homeostatic cytokines like
GM-CSF unaffected. These data highlight gabapentin’s
potential as an anti-inflammatory agent in immune-
mediated or neuroinflammatory conditions. Future work
should explore the underlying molecular mechanisms —
particularly involving NF-kB or MAPK pathways — to
further clarify gabapentin’s role in immune regulation.
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