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Gamma-linolenic acid interacts with
human voltage-gated calcium channel:
aspects in the treatment of mastalgia

O acido gama-linolénico interage com o canal de calcio dependente
de voltagem humano: aspectos no tratamento da mastalgia
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Abstract

Objectives: To assess the correlation between gamma-linoleic acid (GLA)
and the voltage-gated calcium channel CaV3.2 and compare it with pre-
gabalin (PGB) to elucidate the potential analgesic mechanism of GLA in
cases of mastalgia. Methods: This quantitative, experimental, in silico
study employed GLA and PGB as ligand molecules and the CaV3.2 chan-
nel as the protein target. Molecular docking experiments were performed
using the Dockthor platform and analyzed with the Chimera 1.14 software.
The results of ligand simulations with CaV3.2 were organized based on
binding affinity (BA) and compared using the t-test; p-values < 0.05 were
considered statistically significant. Results and discussion: After one mil-
lion simulations of GLA and PGB with CaV3.2, the three best docking pos-
es were selected. No significant differences were observed between BA
values of GLA and PGB (p = 0.15). Both ligands docked within the pore
of the channel, forming hydrogen bonds with the same amino acid resi-
dues; PBG established one additional interaction. Conclusion: GLA binds
to the CaV3.2 channel in a manner similar to the reference blocker PGB.
The identified chemical interactions suggest a potential channel blockade,
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which may explain the analgesic effect of gamma-linolenic acid in the management of mastalgia.

Keywords: Gamma-linoleic acid; Mastalgia; Analgesics; Drug modeling; Voltage-gated calcium
channel

Resumo

Objetivos: Avaliar a correlagdo do acido gama-linolénico (GLA) com o CaV3.2 e comparar com
a pregabalina (PGB), como perspectiva de elucidar o mecanismo de acédo analgésica do GLA
em casos de mastalgia. Métodos: Refere-se a uma pesquisa quantitativa e experimental, do
tipo in silico, que empregou como moléculas ligantes o GLA e a PGB, e, como alvo proteico,
o canal CaV3.2. Os experimentos de docagem molecular foram realizados no portal Dockthor
e analisados pelo programa Chimera 1.14. Os resultados das simulagbes dos ligantes com
o CaV3.2 foram organizados pelas afinidades de ligagdo (AL). Para comparacao das AL, foi
utilizado o teste “t” e foram considerados significantes valores de p < 0,05. Resultados e dis-
cussao: Apds 1 milhdo de simulagdes entre GLA e PGB com o CaV3.2, selecionaram-se os trés
melhores posicionamentos. Nao houve diferenga significante entre os valores de AL do GLA e
da PGB (p = 0,15). Os ligantes se posicionaram dentro do poro do canal e estabelecendo liga-
coes de hidrogénios com os mesmos residuos de aminoacido e PGB apresentou interacédo com
um outro a mais. Conclusao: O GLA é capaz de se ligar ao CaV3.2 de maneira semelhante ao
bloqueador controle pregabalina. As interagdes quimicas mostradas sugerem um possivel blo-
queio do canal, o que justificaria o efeito no controle da mastalgia pelo acido gama-linolénico.

Palavras-chave: Acido gama-linolénico; Mastalgia; Analgésico; Modelagem de drogas; Canal de
calcio dependente de voltagem

INTRODUCTION

Mastalgia refers to episodes of breast pain and is frequent among women of reproductive
age, typically between 15 and 40 years old. About 70% of women in this age group experience the
condition and seek medical care. The severity of mastalgia varies from mild to severe and is often
described as discomfort, heaviness, tightness, or a burning sensation. These symptoms may also
interfere with daily tasks, social activities, and the quality of life of patients.'2

According to normal clinical and radiological findings, approximately 85% of patients im-
prove after guidance, reassurance, and lifestyle advice without the need for medication. However,
about 15% continue to need treatment due to the impacts of the condition or the increased inten-
sity and frequency of pain episodes after the first consultation. The most appropriate treatment
includes conservative and pharmacological therapy.'3

The first step in the pharmacological treatment includes the use of evening primrose oil,
which is rich in linoleic acid. Once absorbed by the body, linoleic acid is converted into gam-
ma-linoleic acid (GLA). GLA is considered a completely safe, non-toxic, and non-carcinogenic
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compound.*®

GLA has become the preferred therapeutic option for treating mastalgia. The standard
recommended dose is one 1000 mg capsule per day (180 mg of GLA) administered over an
initial period of 4 to 6 months.®” After being absorbed and metabolized, GLA is converted into
biologically active metabolites (eicosanoids, such as prostaglandins, leukotrienes, and related
compounds) that regulate cellular activity.® The low levels of GLA and its metabolites result in re-
duced prostaglandin E1 (PGE1) levels and exaggerated response to prolactin, which would help
explain why some women experience severe mastalgia even when prolactin levels are within the
normal range. The peripheral effects of prolactin are inhibited by increasing PGE1 production,
which likely occurs through the interaction of GLA with membrane receptors and the production
of eicosanoids and prostaglandins.® As no other mechanisms explaining GLA-induced analgesia
have been documented, it is relevant to investigate whether ion channels could serve as a possi-
ble target for therapeutic action.

CaV is a low-voltage channels responsible for regulating neuronal excitability that is es-
sential in the peripheral nociceptive process.? Three subtypes of T-type CaV channels have been
described: CaV3.1, CaV3.2, and CaV3.3.° Studies on their regional gene expression have shown
that CaV3.2 is mostly found in essential areas involved in pain transmission (e.g., sensory neu-
rons of the dorsal root ganglion and superficial lamina of the dorsal horn).'®'2 Due to its role in
pain signaling, CaV3.2 is considered a promising target for the development of drugs to treat
acute and chronic pain.'"

Drug discovery is an extensive, time-consuming, and often unsuccessful process. Howev-
er, technological advances have been contributing to minimizing the many steps of drug develop-
ment. Molecular docking analysis, for example, plays a crucial role in research by providing valu-
able insights into the mechanisms of action of new molecules; thus, reducing the costs and time
associated with the drug development process.'®'® Therefore, this study evaluated the potential
interaction of GLA with the CaV3.2 channel using molecular docking analysis and compared it
with pregabalin (PGB).

METHODS

This was a quantitative, experimental, in silico study. Virtual screening via molecular dock-
ing is a computational method commonly used in drug discovery to predict binding interactions
between a new drug and a therapeutic target of interest. This approach enables the identification
of potential ligand hits by docking compounds from a database against one or more receptors of
interest.20-2

The 3D structures of the GLA (CID: 5280933) and PGB (CID: 5486971) ligands, a
CaV-blocking drug, were obtained from the PubChem database. The 3D structure of the protein
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target (human CaV3.2 channel [PDB: 6KZO]) was obtained from the Protein Data Bank. Molec-
ular docking simulations were performed using the Dockthor platform, and results were ranked
in order of increasing binding affinity (BA).?* The following parameters for the DMRTS algorithm
were set: (i) 24 docking corrections, (ii) one million evaluations per docking correction, (iii) popu-
lation size of 750 individuals, and (iv) 20 clusters generated for each correction. The scoring func-
tion used to predict the best binding poses was based on the sum of the following terms from the
MMFF94S force field: (i) intermolecular interaction energy, calculated as the sum of electrostatic
and Van der Waals potentials between receptor-ligand atom pairs; (ii) intramolecular interaction
energy, calculated as the sum of electrostatic and Van der Waals potentials between 1 and 4 li-
gand atom pairs; and (iii) a ligand torsional energy term.

Further detailed analyses and molecular visualization were performed in the Chimera 1.14
and PyMOL 2.1 software.

The BA between the ligands and the CaV3.2 were compared using the Student’s t-test
(GraphPad Prism, La Jolla, USA). A p-value < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Table 1 presents the BA between GLA or PGB and CaV3.2. GLA exhibited a BA of -6.9
0.3 kcal/mol, similar to PGB (BA = -6.4 + 0.3 kcal/mol). No statistically significant difference was
observed between these values (p = 0.15), suggesting an affinity between GLA and CaV3.2 simi-
lar to the PGB. This finding supports the ability of the GLA, an unsaturated fatty acid of low binding
energy, to interact with biological targets.?>?® The BA of GLA with CaV3.2 was lower than -5 kcal/
mol, indicating spontaneous binding between this ligand and target.?”

Table 1. Binding affinity values between GLA and PGB with the CaV3.2 channel.

GLA -6.9+0.3
PGB -6.4+0.3

p = 0.15, Student’s t-test (GLA vs. PGB).

Similar molecular docking simulations have been reported for cannabidiol and CaV3.2,
suggesting that CaV3.2 may serve as a potential molecular target for cannabidiol in the treatment
of chronic pain.2 The CaV 3.1, CaV3.2, and CaV3.3, encoded by the CACNA1G, CACNA1H,
and CACNA1I genes, respectively, have a very similar structure that suggests a possible affinity
of GLA to CaV3.1 and CaV3.3.2%3° Another molecular docking study revealed GLA interactions
with the human voltage-dependent sodium channel 1.7 (NaV1.7), which is also targeted in pain
therapies.?'*2 Thus, GLA may be a multitarget molecule that acts in other pain-related conditions
beyond mastalgia.
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The 3D spatial analyses revealed that GLA and PGB occupied the same binding region on
a loop of the CaV3.2 channel pore (Figures 1A and 1B). Along carbon chain of GLA also extended
over the channel pore, possibly blocking it (Figures 1C and 1D). This blockade of CaV3.2 compro-
mises the influx of calcium ions into the neurons and prevents the exocytosis of neurotransmitters
in the synaptic cleft, triggering the pain impulse.

Figure 1. Spatial arrangement of GLA and PGB over the CaV3.2.
Loops (gray), GLA (red), and PGB (blue). A: top view of the channel; B:
side view of the channel; C and D: hydrophobic representation.

A B

The binding pose between GLA and CaV3.2 was registered inside the channel pore (Figure
2). GLA established two hydrogen bonds with the amino acid residue Arg183 and one with Arg895
at distances of 2.2, 1.6, and 1.7 A, respectively (Figure 2A). GLA was located in a pocket between
CaV3.2 chains, where its long aliphatic chain formed hydrophobic interactions with the surrounding
residues (Ser170, Glu169, Lys446, Asp443, Asn166, Asp690, Asn917, Lys923, Glu891, Pro889,
Cys884, Gly894, Tyr241, and His896 [Figure 2B]).
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Figure 2. Chemical interactions between GLA (in orange) and amino acid
residues of the CaV3.2 channel. A: hydrogen bonds (red lines) and arginine
amino acid (in green); B: electronic cloud (hydrophobic interactions).

Interestingly, PGB formed hydrogen bonds with the same amino acid residues besides the
Asp245, establishing three hydrogen bonds with Arg895, one with Arg183, and one with Asp245,
whose distances were 1.7, 2.3, 1.8, 1.4, and 2.3 A, respectively (Figure 3). These chemical inter-
actions between the same amino acid residues of GLA and the standard blocker (PGB) confirm
their overlap within the channel pore and reinforce the probable blockade.
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Figure 3. Hydrogen bonds between PGB (in blue) and amino acid residues
of the CaV3.2 channel. Arginine (in green) and aspartate (yellow).

The ACT-709478 and ML218 have also been analyzed in the CaV3.2 structure as candi-
date molecules for potential analgesics. The ACT-709478 also made hydrogen bonds with the
Ser1805, Asn412, and GIn1848 residues in regions distinct from GLA, while the ML218 interacted
with the Phe1007.33

PGB is a CaV blocker and one of the therapeutic options in the management of chronic
and neuropathic pain.3** However, its use increases the risk of adverse events, leading to treat-
ment discontinuation.*® Therefore, the results obtained in this study support the use of GLA-based
herbal medicines in the treatment of mastalgia over classic CaV blockers.

CONCLUSION

GLA binds to the CaV3.2 pore similarly to the control blocker PGB. This suggests a possi-
ble blockade of the channel pore, justifying its effect in controlling mastalgia. GLA is the primary
chemical component of evening primrose oil, widely used as a therapeutic adjunct in the clinical
treatment of this painful condition.

Future studies using in vitro models are required to confirm this mechanism of action of
GLA on the voltage-gated calcium channel CaV3.2.
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