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PROBIOTICS’ NEUROTRANSMITTERS 
IN PAIN REGULATION
Pain, aff ecting over one-fi ft h of the global population, remains a major medical and social challenge that necessitates 
the development of safe and eff ective strategies for its prevention and management. Recent studies highlight the pivotal 
role of the gut microbiota and probiotics in modulating pain through neurochemical, immune, and metabolic pathways 
along the gut—brain axis. Probiotics can synthesize key neurotransmitters—including γ-aminobutyric acid (GABA), 
serotonin (5-HT), dopamine, glutamate, and acetylcholine—thereby infl uencing neuronal excitability, neuroinfl amma-
tion, and pain perception. GABA-producing lactic acid bacteria, particularly representatives of the genera Lactobacillus, 
Bifi dobacterium, and Levilactobacillus brevis, are successfully employed in the biotechnological production of func-
tional foods such as GABA-enriched yogurt, soy milk, and rice vinegar etc. Th ese strains contribute to analgesic eff ects 
through inhibition of neuronal hyperexcitability, cytokine suppression, and enhancement of endogenous pain inhibi-
tion mechanisms. Similarly, probiotic modulation of serotonergic signaling involves increased tryptophan hydroxylase 
(TPH1) expression, regulation of the serotonin transporter (SERT), and activation of 5-HT receptors, thereby reducing 
visceral hypersensitivity and pain transmission. Probiotic species such as Enterococcus faecium and Lactiplantibacillus 
plantarum infl uence dopaminergic pathways by converting L-DOPA to dopamine, modulating gut—brain signaling and 
neuroinfl ammation relevant to chronic pain and neurodegenerative disorders. Moreover, glutamate metabolism by pro-
biotic strains helps maintain the excitatory/inhibitory neurotransmitter balance via glutamate decarboxylase activity, 
contributing to neuroprotection and attenuation of excitotoxicity. Acetylcholine-producing probiotics activate the cholin-
ergic anti-infl ammatory pathway, reduce systemic infl ammation, and modulate sensory signaling along the enteric and 
central nervous systems. Altogether, these fi ndings demonstrate that neurotransmitter-producing probiotics represent a 
promising frontier for microbiota-based strategies in chronic pain management. By integrating food biotechnology, neu-
robiology, and microbial endocrinology, future probiotic formulations could off er natural, safe, and eff ective therapeutic 
approaches for modulating pain perception through the gut—brain axis.
Keywords: probiotics, postbiotics, gut microbiota, pain, neurotransmitters, serotonin, γ-aminobutyric acid, dopamine, 
glutamate, acetylcholine.
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Pain aff ects more than 20% of the global popu-
lation, posing substantial health burdens (Cao et 
al., 2024). Eff ective pain management remains es-
sential for improving the quality of life in aff ected 
individuals. Human progress has long been inter-
twined with eff orts to comprehend and manage 
pain, as the quest to alleviate suff ering has ac-
companied humankind throughout its evolution 
(Fig. 1) (Cao et al., 2024). Associations between 
the microbiota and pain were recognized long 
ago. However, it was traditionally believed that 
the microbiota infl uenced nociceptors primarily 
by inducing infl ammatory responses or secreting 
specifi c metabolites. A seminal study published 
in 2013 demonstrated that gut microbiota can 
directly activate nociceptor (pain receptor) neu-
rons and elicit pain sensations (Chiu et al, 2013). 
Th is discovery fundamentally altered previous 
conceptions in the fi eld and marked a pivotal 
milestone in microbiota—pain research.

Actually, in 1958, fecal microbiota transplan-
tation (FMT) was fi rst introduced into clinical 
practice, marking the beginning of a new era 
in the study of microbiota functions related to 
pain. Subsequent investigations into the analge-
sic potential of probiotics further advanced this 
research fi eld. Entering the 21st century, stud-
ies on the microbiota—pain axis have rapidly 
progressed, with accumulating evidence dem-
onstrating bidirectional interactions between 
the microbiota and the nervous system in pain 
modulation. Th e integration of modern technol-
ogies  — such as artifi cial intelligence, bioengi-
neering, and multi-omics analyses — has signifi -
cantly accelerated these developments, leading 
to the emergence of novel microbiota-based 
therapeutic strategies for pain management. Th e 
major historical milestones in this research tra-
jectory are summarized below (Fig. 2).

Microbiota, as well as probiotics, infl uence 
neurotransmitter production relevant to pain 
modulation primarily through their eff ects on 
the gut-brain axis, impacting both neuronal and 
immune signaling involved in pain perception. 

Probiotics modulate neurotransmitter produc-
tion central to pain pathways—most notably 
γ-aminobutyric acid (GABA) and serotonin—
while also producing bioactive metabolites (like 
Short-chain fatty acid (SCFAs)) and infl uencing 
the immune and ion channel function. Th is com-
plex, bidirectionally signaling in the gut-brain 
axis underlies their role in pain modulation and 
highlights their therapeutic potential for man-
aging chronic pain conditions (Rajanala et al., 
2021; Zhao et al., 2025; Aghamohammad et al., 
2023; Starovoitova & Spivak, 2025). Th e principal 
mechanisms include the following. 

a) Direct synthesis of neurotransmitters. 
Certain gut bacteria, including such probiot-
ics as Lactobacillus and Bifi dobacterium species, 
can synthesize neurotransmitters such as GABA, 
serotonin, dopamine, and acetylcholine. For ex-
ample, L. rhamnosus modulates GABA levels via 
vagal nerve pathways, infl uencing brain regions 
critical for mood and pain processing (Rajanala 
et al., 2021; Ansari et al., 2023). Increased GABA 
can suppress neuronal excitability and pain sig-
naling in the central nervous system. 

b) Modulation of tryptophan metabolism. 
Probiotics infl uence the metabolism of trypto-
phan—an amino acid precursor for serotonin. By 
enhancing the serotonin production pathway, cer-
tain probiotics increase central serotonin levels, 
which not only improves mood but also modulates 
pain sensitivity, as serotonin is a key neurotrans-
mitter in pain inhibition (Rajanala et al., 2021).

c) Production of microbial metabolites. Pro-
biotics facilitate the production of SCFAs such 
as butyrate, propionate, and acetate during fi ber 
fermentation. Th ese metabolites modulate pain 
through several routes: fi rs route — SCFAs inter-
act with free fatty acid receptors (FFAR2/3) on 
immune and nerve cells, infl uencing cytokine 
release (e.g., interleukin-6 (IL-6), tumor necrosis 
factor-α (TNF-α)), which can reduce infl amma-
tion and alter peripheral pain sensitization; sec-
ond route — butyrate acts as a histone deacety-
lase (HDAC) inhibitor, suppressing TNF-α and 
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thereby attenuating pain in nerve injury models 
(Zhao et al., 2025). 

d) Modulation of pain-related ion channels. 
Probiotic-induced changes in gut microbial me-
tabolites aff ect the activity of transient receptor 
potential (TRP) channels—key players in noci-
ception. SCFAs and tryptophan metabolites (e.g., 
indole derivatives) can activate or sensitize TRP 
channels (such as transient receptor potential 
vanilloid 1 TRPV1 and transient receptor poten-

tial ankyrin 1 TRPA1), altering neuronal excit-
ability and pain transmission (Zhao et al., 2025).

 e) Immune system interaction. Probiotics 
modulate immune responses by shift ing the bal-
ance of pro- and anti-infl ammatory cytokines, 
reducing the peripheral and central infl amma-
tion associated with chronic pain conditions 
(Zhao et al., 2025; Nazemian et al., 2016; Mishra 
et al., 2023). Lowered infl ammation in neural 
tissues correlates with reduced pain signaling. 
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Fig. 2. Evolutionary timeline of research on the roles of microbiota in pain
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f) Enhanced endogenous pain inhibition. 
Some microbial metabolites, such as secondary 
bile acids produced under probiotic infl uence, 
can activate receptors (e.g., the G protein-coupled 
bile acid receptor (TGR5)) that trigger the release 
of endogenous opioids by immune cells, contrib-
uting to analgesic eff ects (Zhao et al., 2025).

Th e principal probiotic neurotransmitters 
and their mechanisms underlying the modula-
tion of pain perception in the host are summa-
rized below.

γ-Aminobutyric acid
Probiotic GABA modulates pain perception 

in the host, primarily through the gut-brain 
axis, aff ecting neurotransmitter levels, neuro-
infl ammation, and immune responses. Gut mi-
crobiota and GABA-producing probiotics infl u-
ence pain perception by regulating both central 
and peripheral sensitization through metabolite 
production, immune modulation, and neural 
signaling. GABA is a key inhibitory neurotrans-
mitter that reduces neuronal excitability and 
pain signals. GABA aff ects vagal signaling and 
neurotransmission, leading to a reduction in 
anxiety, pain, and neuroinfl ammation (Jiang et 
al., 2025; Zhao et al., 2025; Latif et al., 2023; Cor-
riero et al., 2024).

According to current scientifi c data, the main 
mechanisms of GABA pain modulation include 
the following.

1. Neurotransmitter regulation. GABA modu-
lates the balance of excitatory and inhibitory 
neurotransmitters in the central and peripheral 
nervous systems. It inhibits nociceptive (pain) 
signaling pathways, thereby reducing pain sensi-
tivity (Zhao et al., 2025; Lin et al., 2020).

2. Immune modulation. GABA, like other pro-
biotic metabolites, can suppress pro-infl ammato-
ry cytokines (such as IL-1β and TNF-α) and pro-
mote anti-infl ammatory cytokines, mitigating 
neuroinfl ammation associated with pain condi-
tions (Zhao et al., 2025; Corriero et al., 2024).

3. Epigenetic and receptor-mediated eff ects. SC-
FAs, which are products of probiotic fl ora metab-

olism, interact with GABA signaling to modulate 
pain through histone acetylation and membrane 
receptor pathways, such as GPR109A, thereby 
attenuating neuroinfl ammation and central sen-
sitization (Zhao et al., 2025).

4. Peripheral and central sensitization. GABA 
acts by inhibiting the hyperexcitability of sen-
sory neurons and glial cells involved in pain pro-
cessing, preventing the amplifi cation of pain sig-
nals in neuropathic and chronic pain conditions 
(Zhao et al., 2025; Lin et al., 2020). 

In the biosynthetic process, GABA is generated 
from glutamate through the action of glutamate 
decarboxylase (GAD). GAD (l-glutamate-1-car-
boxylase; EC 4.1.1.15) is a pyridoxal-5’-phos-
phate-dependent enzyme that catalyzes the irre-
versible α-decarboxylation of l-glutamic acid to 
GABA and CO2 (Yogeswara et al, 2020). Several 
gastrointestinal bacteria contain the gene encod-
ing GAD, which is responsible for GABA pro-
duction. Within the human microbiota, Bifi do-
bacterium, Lactobacillus, and Bacteroides are the 
most well-known GABA producers (Otaru et al., 
2021; Braga et al., 2024). GABA can be biosynthe-
sized by various lactic acid bacteria (LAB) strains 
mainly belonging to the genera of Lactobacillus, 
Lactococcus, Pediococcus, Leuconostoc, Enterococ-
cus, Streptococcus, Weissella, Lacticaseibacillus, 
Lactiplantibacillus, and recently reported Levilac-
tobacillus and Secundilactobacillus (Iorizzo et al., 
2024). Moreover, GABA production using mi-
croorganisms is safe and eco-friendly compared 
to chemical methods (Sahab et al., 2020).

GABA biosynthesis is achieved through the 
decarboxylation of glutamate in the cytoplasm, 
a process that consumes intracellular protons. 
Consequently, the GAD system helps maintain 
intracellular pH homeostasis and plays a critical 
role in bacterial acid resistance (Feehily & Karat-
zas, 2013). Th e metabolic pathway of GABA pro-
duction is shown in Figure 3.

Some GABA-producing probiotic strains list-
ed in Table 1 highlight the feasibility of develop-
ing food supplements, probiotics, and postbiot-
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ics with an expanded spectrum of therapeutic 
eff ects, including modulation of pain perception.

Currently, there are already scientifi c develop-
ments for the production of naturally GABA-
enriched yogurt using Levilactobacillus brevis 
CGMCC 1306 (GABA yield of 75.3 mg/100 g) 
(Zhu et al., 2024). Designed rice vinegar with up to 
21.48 g/L of food-grade GABA was obtained when 
the encapsulated GadB (L. plantarum Yll.03) gel-
lan beads were added (Yao et al., 2021). Th e feasi-
bility of obtaining fermented soy milk with a high 
GABA yield was demonstrated using Lactiplan-
tibacillus plantarum Lp3 and Streptococcus ther-
mophilus at a 2:1 ratio, with 0.4% monosodium 
glutamate, a fermentation time of 10 h, and a fer-
mentation temperature of 35 °C. Th e fi nal GABA 
yield reached 0.552 mg/mL (Wang et al., 2024).

Abundant resources of GABA-producing LAB 
hold signifi cant potential for the development of 
naturally fermented functional foods. In LAB, 
GABA synthesis has been linked to acid resis-
tance, and it exerts notable eff ects on cellular 
physiology (Cui et al., 2020).

Serotonin 23
Serotonin (5-hydroxytryptamine, 5-HT) is 

a biogenic amine that functions as a key neu-
rotransmitter and peripheral signaling molecule. 
It is synthesized from the amino acid L-trypto-
phan and is widely distributed in both the central 
(CNS) and peripheral (PNS) nervous systems. 
Beyond its well-established neuromodulatory 
roles, serotonin also acts as a hormone stored in 
platelets, infl uencing vascular tone, hemostasis, 
and gastrointestinal motility. Serotonin modu-
lates pain perception and nociceptive processing 
at multiple levels within the central and periph-
eral nervous systems (Akram et al., 2023).

Th e infl uence of probiotics on 5-HT signaling 
within the gut—brain axis is mediated by a range 
of complex mechanisms that regulate serotonin 
biosynthesis, metabolism, and receptor inter-
actions. Th e main mechanisms through which 
probiotics enhance serotonergic signaling and 
pain modulation include the following:

1. Regulation of serotonin production in the gut
Approximately 90—95% of the body’s se-

rotonin is located in the gastrointestinal tract 
(GIT), where it is primarily produced by entero-
chromaffi  n (EC) cells (Akram et al., 2023; Yag-
houbfar et al., 2020). Probiotics infl uence this 
process through several pathways:

■ Modulation of EC cell activity. Th e gut mi-
crobiota can regulate 5-HT generation by EC 
cells (Engevik et al., 2021a). Indigenous spore-
forming bacteria from the microbiota have been 
shown to promote 5-HT biosynthesis in colonic 
EC cells (Yano et al., 2015).

■ Infl uence through SCFAs. Gut bacteria fer-
ment dietary fi bers to produce SCFAs such as 
butyrate, propionate, and acetate. SCFAs have 
been found to enhance the transcription of 
TPH1 (tryptophan hydroxylase 1), a key enzyme 
responsible for serotonin synthesis in peripheral 
tissues (Chen et al., 2021). Th us, the microbiota, 
acting via SCFAs, signifi cantly aff ects serotonin 
synthesis and homeostasis in the gut.

■ Action of bacterial metabolites. Bifi dobacteri-
um dentium and its metabolite acetate can regu-
late key components of the serotonergic system 
in various host tissues and modulate adult be-
havioral functions. B. dentium metabolites also 
infl uence 5-HT production by enterochromaffi  n 
cells (Engevik et al., 2021a).
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Table 1. GABA-producing probiotic strains

Probiotic strain Growth medium (g/L)
Concentration 
of viable cells 

(CFU/mL)

Probiotic                        
L. brevis MRS broth with glutamic acid (GA) concentration 650 mmol ND*

L. brevis K203 Fermentation medium: modifi ed MRS medium 6 % (w/v) 
L-glutamic acid, 4 % maltose, 2 % yeast extract, 1 % NaCl, 
1 % (w/v) CaCl2, 2 g Tween 80/L, and 0.02 mM pyridoxal 
50-phosphate

ND*

Bacillus subtilis ATCC 6051 Inoculum medium: LB medium
Fermentation medium: potato starch  — 11.481; peptone  — 
60; NaCl — 5; K2HPO4 — 2.5; sodium L-glutamate — 11.825

6.8 × 108

L. brevis NCL912 Fermentation medium: glucose  — 50; soya peptone  — 25; 
MnSO4 · 4H2O — 0.01; Tween 80 — 2 mL/L.

ND*

Lactococcus lactis L-571 Inoculum medium: M17 broth with 10% lactose solution
Fermentation medium: reconstituted commercial semi-
skimmed milk 10% w/v; glutamate — 3; pyridoxal 5'-phos-
phate (PLP) — 100 μM

ND*

Levilactobacillus sp. LB-2 Inoculum medium: MRS liquid medium
Fermentation medium: modifi ed MRS medium: L-mono-
sodium glutamate  — 2.5; sucrose  —32.7; peptone  — 30.7; 
beef extract — 10; yeast extract — 5; K2HPO4 · 3H2O — 2; 
C6H17N3O7  — 2; CH3COON  — 5; tween 80  — 1mL/L; 
MgSO4 · 7H2O — 0.58; MnSO4 · H2O — 0.25 

ND*

Lactiplantibacillus plantarum K16 Fermentation medium: modifi ed MRS medium: glucose  — 
25; monosodium glutamate — 500 mM; yeast extract — 12.
Capable of producing GABA in media based on agri-food 
by-products (e.g., tomato or green pepper)

ND*

Immobilized glutamate decar                        

L. plantarum WCFS1 0.5M monosodium glutamate (MSG) ND*

L. plantarum Yll.03 MSG reaction system ND*

*ND — not defi ned.

■ Regulation of serotonergic genes. Certain pro-
biotic strains and their metabolites are capable of 
regulating key components of the serotonergic sys-
tem. For example, Akkermansia muciniphila and 
Faecalibacterium prausnitzii, with their extracellular 
vesicles, contribute to improving serotonin balance 
in the gut through the regulation of serotonergic 
genes (Yaghoubfar et al., 2020; Yaghoubfar et al., 

2021). Escherichia coli Nissle 1917 modulates sero-
tonin-related genes via extracellular vesicles in the 
interleukin-1β-induced infl ammation model of in-
testinal epithelial cells (Olivo-Martínez et al., 2024).

■ Tryptophan metabolism. Gut bacteria me-
tabolize tryptophan (TRP) into various com-
pounds, some of which may promote serotonin 
production (Yano et al., 2015).
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Concentration 
of GABA 

(g/L)
Cultivation conditions Reference

                       strains
19.96 Temperature 34.09 °C, pH 4.65, and time 96 h Sharafi  et al., 2020
44.4 Initial pH 5.25 and 37oC. Time cultivation 72 h. Conversion rate 

99.7 %, based on the amount (6 %) of L-glutamic acid added
Binh et al., 2014

19.74  Optimal temperature 30 °C and initial pH 8.0. Optimal concen-
tration of sodium L-glutamate 11.825 g/L, added into the medi-
um aft er 48 h. Time of cultivation 120 h.

Wang et al., 2018

1095.63 ± 61.03 mM Fed-batch fermentation. Initial sodium L-glutamate concentra-
tion in the medium 400 mM. pH 5.0 (10 N H2SO4), 100 rpm, 
32 °C, fermentation time 60 h. 280.70 g and 224.56 g of glutamate 
were fed into the bioreactor at 12 h and 24 h, respectively.

Li et al., 2010

1153.1 ± 13.5 mg/L Incubated for 48 h at 37 °C Santos-Espinosa et al., 
2020

49.42 Inoculation amount 3%; 37 °C, pH 4.5, for 24 h. Li et al., 2023

2115.7 mg/L Inoculation amount was 1.2%; 34 °C, pH 5.5, for 96 h. Diez-Gutierrez et al., 
2022

                       boxylase from probiotic strains

41.7 Immobilized enzyme to porous silica beads by covalent coupling. 
Enzymatic conversion of 0.5M MSG in packed-bed reactor under 
pH 5.0 (sodium acetate buff er), 37 °C for 20 min. 

Lee at al., 2015

21.48 Immobilized enzyme in gellan gum beads. pH 4.7 — 30 min at 
37 °C

Yao et al., 2021

2. Modulation of the serotonin transporter 
(SERT)

Probiotics aff ect SERT, a protein responsible 
for the reuptake of serotonin from the extracel-
lular space back into neuronal and enterochro-
maffi  n cells. Alterations in SERT activity or 
expression infl uence serotonin levels in the syn-
aptic cleft  (in the nervous system) or the inter-

stitial space (Cao et al., 2018). In the context of 
pain, this refers to the interaction with aff erent 
sensory neurons:

■ Infl uence on nociceptive refl exes. ECs release 
5-HT in response to mechanical or chemical 
stimuli, initiating peristaltic, secretory, vasodila-
tory, vagal, and nociceptive (pain) refl exes. Th us, 
changes in serotonin levels induced by probiot-
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ics or the microbiota directly aff ect pain percep-
tion (Pretorius & Smith, 2020).

■ Modulation of visceral pain via transient re-
ceptor potential vanilloid 4 (TRPV4). Serotonin 
can modulate visceral pain perception through 
the activation of the TRPV4 receptor. Probiotics, 
by infl uencing serotonin levels, may indirectly af-
fect TRPV4 activation (Lagomarsino et al., 2020).

■ Infl uence on 5-HT receptors. Alterations in 
the microbiota may be associated with abnor-
mal expression of 5-HT receptors. For instance, 
patients with irritable bowel syndrome (IBS) ex-
hibit excessive expression of 5-HT3 receptors in 
colonic tissue, which increases neuronal sensi-
tivity to serotonin and contributes to symptoms 
such as pain and diarrhea. By modulating the 
microbiota balance, probiotics may infl uence 
this receptor expression (Merecz et al., 2023).

■ Upregulation of SERT expression. Multiple 
studies have demonstrated that certain probi-
otic strains are associated with increased SERT 
concentrations in the intestine (Engevik et al., 
2021b). Supernatants of Lactobacillus acidophi-
lus and Bifi dobacterium longum enhance SERT 
expression in intestinal epithelial cells (Cao et al., 
2018). Metabolites of Limosilactobacillus reuteri 
ATCC 6475 upregulate SERT in the intestinal 
epithelium (Engevik et al., 2021b). Th e probiotic 
yeast Saccharomyces boulardii inhibits intestinal 
motility by upregulating intestinal SERT (Gu 
et al., 2022). Strains such as Lacticaseibacillus 
rhamnosus and Limosilactobacillus reuteri are as-
sociated with elevated SERT concentrations (En-
gevik et al., 2021b). 

3. General mechanisms within the gut—
brain axis

Probiotics contribute to serotonergic signaling 
by modulating the gut—brain axis itself through 
the following:

■ Modulation of neurotransmitter receptors. 
Th e probiotic-mediated enhancement of sero-
tonergic signaling involves modulation of neu-
rotransmitter receptors. For example, studies in 
rats have shown that probiotics strengthen the 

crosstalk between serotonergic receptors and the 
gut (Yaghoubfar et al., 2020).

■ Communication via the vagus nerve. Th e gut 
microbiota can aff ect serotonin levels and neu-
rotransmission through the vagus nerve signal-
ing (Akram et al., 2023).

■ Interaction with the immune system. Th e in-
teraction between the gut microbiota and the 
immune system also serves as a mechanism 
through which serotonin neurotransmission is 
infl uenced (Xu & Lu, 2025).

■ Improved brain signaling. Probiotics can mod-
ulate serotonin signaling, leading to the ameliora-
tion of pathophysiological disorders. For example, 
Streptococcus and Lactobacillus strains have been 
shown in rats to alleviate memory defi cits and 
increase serotonin receptor levels (Beilharz et al., 
2018). Lactobacillus plantarum PS128 enhances 
serotonin signaling and improves mental health 
(Chen et al., 2022).

■ IBS and 5-HT signaling. IBS is characterized 
by altered 5-HT signaling. Serotonin plays a key 
role in gastrointestinal pain perception. Disrupt-
ed 5-HT homeostasis in the mucosa contributes 
to the manifestation of IBS symptoms (Pretorius 
& Smith, 2020).

■ Maintenance of homeostasis. Modifying the 
gut microbiota with probiotics can help main-
tain serotonergic system homeostasis, thereby 
preventing pathophysiological disorders (Ferrari 
et al., 2024).

Li et al (2022) genetically engineered probi-
otic E. coli Nissle 1917 (EcN-5-HT) for synthe-
sizing 5-HT in situ. EcN-5-HT improved GI 
motility and ameliorated behavior disorder in a 
loperamide-induced constipation mouse model. 
EcN-5-HT increased the concentration of 5-HT 
in the colon and activated 5-HT receptors, trig-
gering the peristaltic refl ex in the gastrointesti-
nal tract and promoting GI motility.

Th us, probiotics infl uence pain modulation, 
primarily visceral pain, by regulating serotonin 
synthesis through SCFA metabolites and TPH1 
expression in ECs, as well as by modulating 
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SERT and its interactions with receptors (5-
HT3R, TRPV4) on nociceptive neurons inner-
vating the gut.

Dopamine
Dopamine is a key neurotransmitter that ex-

erts essential functions in both the central and 
peripheral nervous systems, regulating cogni-
tion, reward processing, satiety, voluntary motor 
control, pleasure, and motivation. Adequate do-
pamine bioavailability is crucial for maintaining 
normal brain activity and preventing the onset 
of neurological disorders. Increasing evidence 
indicates that the gut microbiota plays a pivotal 
role in sustaining appropriate dopamine levels 
through a complex, bidirectional communica-
tion network  — the microbiota—gut—brain 
axis. Th is interconnection is mediated by sev-
eral pathways, including the vagus nerve, im-
mune system, hypothalamic—pituitary—adre-
nal axis, and a variety of microbial metabolites. 
Moreover, gut microorganisms possess intrinsic 
enzymatic capacities that participate directly in 
dopamine metabolism, contributing to its both 
biosynthesis and degradation of metabolic inter-
mediates (Lyte et al., 2025; Hamamah et al., 2022; 
Sathiyaseelan & Wang, 2023; Kumar et al., 2024). 
Probiotics, particularly certain strains, have the 
ability to infl uence dopamine levels through pre-
cursors and enzymes, which is a key aspect for 
treatment of diseases such as Parkinson’s disease 
(PD), where pain is one of the non-motor symp-
toms (Kroker Kimber & Tremblay, 2025; Patel et 
al., 2025; Sun et al., 2022; Aghamohammad et al., 
2023; Tan et al., 2021).

Key probiotic genera such as Lactobacillus, 
Bifi dobacterium, Enterococcus, and Clostridium 
have been shown to infl uence dopamine metab-
olism and availability both locally in the gut and 
systemically, potentially impacting neurological 
functions and disorders (Hamamah et al., 2022; 
Villageliú & Lyte, 2018). Enterococcus spp. (for in-
stance, E. faecium) can effi  ciently convert the pre-
cursor L-DOPA (L-3,4-dihydroxyphenylalanine) 
into dopamine through the activity of the enzyme 

DOPA decarboxylase (also known as aromatic L-
amino acid decarboxylase) (Lyte et al., 2025). E. 
faecium ML1082 demonstrated a high effi  ciency 
of L-DOPA to dopamine conversion, achieving a 
yield of 96% (Lyte & Villageliu, 2019). L. planta-
rum PS128 has been shown to enhance dopamine 
metabolism and attenuate neuroinfl ammation in 
animal models of Parkinson’s disease, suggesting a 
direct modulatory infl uence on dopaminergic sig-
naling pathways. Clostridium species, through the 
production of SCFAs such as butyrate and their 
diverse enzymatic activities, can elevate the lev-
els of free biologically active dopamine in the gut, 
thereby modulating brain function through the 
gut—brain axis (Hamamah et al., 2022). Various 
Bacillus species and Escherichia spp. are capable of 
producing dopamine and norepinephrine, which 
have been reported to exert antinociceptive eff ects 
on visceral sensitivity (Morreale et al., 2022).

Dopamine-producing probiotics may also 
participate in immune modulation and regula-
tion of intestinal infl ammation, representing a 
microbial endocrinology-based strategy within 
probiotic therapy (Lyte et al., 2025).

Glutamate
Glutamate, a major excitatory neurotransmit-

ter in the central nervous system, can be modu-
lated by the gut microbiota, including certain 
probiotic strains. L-glutamate is a specifi c precur-
sor for amino acids (arginine and proline), bio-
logically active molecules (GABA and biological 
molecules (glutathione, adrenaline, and acetyl-
choline) (Ghazanfari et al., 2023). Probiotics may 
infl uence glutamate-related pathways involved 
in pain perception by producing or converting 
glutamate and its metabolites, such as GABA, or 
by altering the expression of glutamate receptors 
along the gut—brain axis. Th is modulation aff ects 
both peripheral and central pain mechanisms, 
including visceral sensitivity, neuropathic pain 
(Morreale et al., 2022; Zhao et al., 2025; Ali et al., 
2026; Bin-Khattaf et al., 2022) and fi bromyalgia 
(Clos-Garcia et al., 2019). Glutamate is the prin-
cipal excitatory neurotransmitter, whereas GABA 
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serves as the main inhibitory neurotransmitter in 
the CNS. Glutamate acts as an important precur-
sor of GABA, and the metabolism of both neu-
rotransmitters is strongly infl uenced by the gut 
microbiota (Qu et al., 2024). Research indicates 
that gut dysbiosis and probiotic intervention can 
infl uence ionotropic (N-methyl-D-aspartate re-
ceptors (NMDA), α-amino-3-hydroxy-5-methyl-
4-isoxazole propionic acid receptors (AMPA)) 
and metabotropic glutamate receptors within 
the gut—brain axis, which play key roles in pain 
processing and stress-related responses (Zhao et 
al., 2025). Probiotics may contribute to maintain-
ing the balance between glutamate and GABA by 
converting glutamate to GABA through GAD ac-
tivity in probiotic bacteria. Th is conversion helps 
reduce excitotoxicity and has been associated 
with neuroprotective and analgesic eff ects (Ali et 
al., 2026; Qu et al., 2024).

Clostridium butyricum MIYAIRI 588, used 
as an adjunctive therapy for treatment-resistant 
major depression, is hypothesized to exert its 
eff ects through a neuroprotective mechanism, 
particularly via anti-glutamatergic excitotoxicity 
(Qu et al., 2024).

Th e mechanisms by which glutamate infl u-
ences pain perception are multifaceted and in-
volve complex interactions among receptors, 
transporters, and neurotransmitters within the 
nervous system. Th e glutamatergic system, com-
prising neurons, receptors, and transporters, 
plays a crucial role in pain processing. In chronic 
pain conditions, such as neuropathic pain, dys-
regulation of glutamate receptor and transporter 
expression occurs (Temmermand et al., 2022; 
Lin et al., 2020).

Current evidence indicates that the primary 
mechanisms of pain modulation involving glu-
tamate as a probiotic-associated neurotransmit-
ter include:

■ Alterations in glutamate receptor expression 
and activity associated with increased pain sen-
sitivity in models of chronic visceral pain (e.g., 
IBS). Blockade of AMPA receptors was shown to 

reduce visceral pain in animal models, suggest-
ing that probiotics capable of modulating this 
pathway may attenuate pain signaling (Morreale 
et al., 2022; Qu et al., 2024);

■ Metabolites produced by the gut microbiota 
infl uence neuroinfl ammation and synaptic plas-
ticity, both of which are critical in the sensitiza-
tion of neuropathic and infl ammatory pain, me-
diated in part through glutamatergic signaling 
(Zhao et al., 2025);

■ Probiotics enhance glutamine and glutathi-
one levels while modulating glutamatergic path-
ways, thereby supporting antioxidant defense 
and maintaining neurochemical balance under 
pain conditions (Bin-Khattaf et al., 2022). Lacto-
bacillus and Bifi dobacterium species are capable 
of producing GABA from glutamate. In particu-
lar, Bifi dobacterium strains have been identifi ed 
as the most effi  cient GABA producers utilizing 
glutamate as a substrate. Th is supports the notion 
that probiotics can metabolize glutamate to syn-
thesize GABA, thereby contributing to the resto-
ration of the excitatory/inhibitory (E/I) balance 
(Duranti et al., 2020; Bin-Khattaf et al., 2022).

Acetylcholine
Th e neurotransmitter acetylcholine (ACh) has 

attracted considerable attention due to its crucial 
role in both the central and peripheral nervous 
systems, particularly in cognitive functions such 
as memory, attention, and learning. In fact, ACh 
is a ubiquitous signaling molecule produced by 
numerous non-neuronal cell types and even by 
some single-celled organisms (Lotfy et al., 2025; 
Cox et al., 2020). ACh can be produced by cer-
tain probiotic strains, such as Lactiplantibacillus 
plantarum AM2 (with an experimental yield of 
495.8 pg/mL). Probiotic-derived ACh partici-
pates in the modulation of the gut—brain axis 
and may contribute to pain regulation. Th e pro-
duction of ACh by this strain can be enhanced 
by optimizing growth medium components, 
supporting its potential application in functional 
symbiotic formulations targeting the gut—brain 
axis (Lotfy et al., 2025).
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Probiotics that produce ACh can potentially 
modulate neurological functions infl uencing 
pain perception through neurotransmitter path-
ways (Morealle et al., 2022; Kumar et al., 2024; 
Guo et al., 2019). Mechanistic insights into the 
role of probiotic-derived acetylcholine in pain 
regulation are as follows.

■ Probiotic-derived ACh can activate the cho-
linergic anti-infl ammatory pathway, thereby 
reducing systemic and local infl ammation that 
contributes to pain hypersensitivity;

■ ACh modulates neurotransmission within 
the enteric nervous system and central pain-
processing regions, infl uencing sensory signal-
ing along the gut—brain axis;

■ Probiotics producing ACh, together with 
other neurotransmitters like GABA and sero-
tonin, may synergistically modulate neuronal 
excitability and pain thresholds (Aghamoham-
mad et al., 2023; Ren et al., 2025; Rajanala et al., 
2021; Fyntanidou et al., 2023).

In conclusion, Table 2 summarizes the main 
neurotransmitters produced by probiotics that 
are implicated in pain modulation and their pro-
posed mechanisms of action.

Conclusions. Pain remains a signifi cant glob-
al health concern, aff ecting over one-fi ft h of the 
world’s population. Th e evolution of pain man-
agement has mirrored advances in our under-
standing of physiological and molecular mech-
anisms underlying  nociception. Over recent 
decades, the discovery of the microbiota—pain 
axis has transformed this fi eld, revealing that gut 
microorganisms not only infl uence infl amma-
tion but can directly modulate neuronal activity 
and pain perception.

Probiotics and commensal bacteria exert their 
analgesic eff ects through multiple interrelated 
pathways, including the synthesis of neurotrans-
mitters such as GABA, serotonin, dopamine, 
and acetylcholine; regulation of tryptophan me-
tabolism; production of bioactive metabolites 
like short-chain fatty acids; modulation of pain-
related ion channels; and immune system regu-
lation. Th ese interactions collectively contribute 
to reduced infl ammation, altered neuronal ex-
citability, and enhanced endogenous pain inhi-
bition. Gut-derived neurotransmitters modulate 
central pain circuits primarily through the gut-
brain axis, a complex bidirectional communica-

Table 2. Th e summary of main probiotics’ neurotransmitters involved in pain sensation

Neuro-
transmitter Receptor Distribution Function References

GABA GABAA, GABAB CNS, PNS Inhibitory Zhao et al., 2025
Glutamate NMDAR*, AMPAR**, 

mGluR***
CNS, PNS Excitatory Cao et al., 2024

5-HT 5-HT1-4, 7 CNS, PNS Dependent on 5-HT receptors Merecz et al., 2023; 
Cao et al., 2024; Li et 
al., 2022

Dopamine D1-D5 receptors**** CNS (striatum, 
cortex, limbic 
system)

Modulatory; can be excitatory or inhib-
itory in pain circuits; regulates motiva-
tional and aff ective dimensions of pain

Bhatia et al., 2023

ACh Nicotinic (nAChR, 
including α7), Mus-
carinic (mAChR)

CNS (brain, spi-
nal cord), PNS

Modulatory; inhibits neuroinfl amma-
tion, modulates pain signals, can be 
both excitatory and inhibitory via dif-
ferent receptors

Zhou et al., 2022; 
Naser & Kuner, 2018; 
Ren et al., 2025

* — N-methyl-D-aspartate receptor (NMDAR); ** — α-amino-3-hydroxy-5- methylisoxazole-4-propionate receptor 
(AMPAR); *** — metabotropic glutamate receptor (mGluR); **** — fi ve main receptors (D1, D2, D3, D4, D5), widely 
expressed in CNS, notably in basal ganglia, limbic, and cortical areas.
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tion system involving neural, immune, and en-
docrine pathways.

Th e integration of advanced technologies, 
such as multi-omics, bioengineering, and arti-
fi cial intelligence, continues to deepen insights 
into microbiota-mediated pain modulation 

and accelerates the development of microbi-
ota-based therapeutic strategies. Altogether, 
growing evidence positions the gut microbiota 
and probiotics as promising targets for novel, 
safe, and eff ective interventions in chronic pain 
management.

 REFERENCES
Aghamohammad, S., Hafezi, A., & Rohani, M. (2023). Probiotics as functional foods: How probiotics can alleviate 

the symptoms of neurological disabilities. Biomedicine & Pharmacotherapy, 163, 114816. 
Akram, N., Faisal, Z., Irfan, R., Shah, Y. A., Batool, S. A., Zahid, T., Zulfi qar, A., Fatima, A., Jahan, Q., Tariq, H., 

Saeed, F., Ahmed, A., Asghar, A., Ateeq, H., Afzaal, M., & Khan, M. R. (2023). Exploring the serotonin-probiotics-
gut health axis: A review of current evidence and potential mechanisms. Food Sci Nutr, 12(2), 694—706. 

Ali, S., Shafi , T., Liaqat, I., Ahmad, M. U., Shabbir, I., Aziz, T., Alharbi, M., Shami, A., Al-Asmari, F., Halawani, I. F., 
Alqasem, A. A., Mashat, R. M., & Alhomrani, M. (2026). Exploring microbiological transformation of glutamate 
to γ-aminobutyric acid unleashed by a potential Lactobacillus spp. isolated from commercial cheese samples. In-
ternational Dairy Journal, 172, 106407. 

Ansari, F., Neshat, M., Pourjafar, H., Jafari, S. M., Samakkhah, S. A., & Mirzakhani, E. (2023). Th e role of probiotics 
and prebiotics in modulating of the gut-brain axis. Front Nutr, 10, 1173660. 

Beilharz, J. E., Kaakoush, N. O., Maniam, J., & Morris, M. J. (2018). Cafeteria diet and probiotic therapy: Cross talk among 
memory, neuroplasticity, serotonin receptors and gut microbiota in the rat. Molecular Psychiatry, 23(2), 351—361. 

Bhatia, A., Lenchner, J. R., & Saadabadi, A. (2023). Biochemistry, Dopamine Receptors. In: StatPearls [Internet]. 
Treasure Island (FL): StatPearls Publishing; 2025 Jan. PMID: 30855830.

Binh, T. T. T., Ju, W.-T., Jung, W.-J., & Park, R. D. (2014). Optimization of-amino butyric acid production in a newly 
isolated Lactobacillus brevis. Biotechnol Lett, 36 (1), 93—98. 

Bin-Khattaf, R. M., Alonazi, M. A., Al-Dbass, A. M., Almnaizel, A.T., Aloudah, H. S., Soliman, D. A., & El-Ansary, 
A. K. (2022). Probiotic Ameliorating Eff ects of Altered GABA/Glutamate Signaling in a Rodent Model of Autism. 
Metabolites, 12(8), 720. 

Braga, J. D., Th ongngam, M., & Kumrungsee, T. (2024). Gamma-aminobutyric acid as a potential postbiotic media-
tor in the gut—brain axis. npj Science of Food, 8,16. 

Cao, B., Xu, Q., Shi, Y., Zhao, R., Li, H., Zheng, J., Liu, F., Wan, Y., & Wei, B. (2024). Pathology of pain and its implica-
tions for therapeutic interventions. Signal Transduct Target Th er, 9(1), 155. 

Cao, Y. N., Feng, L. J., Wang, B. M., Jiang, K., Li, S., Xu, X., Wang, W. Q., Zhao, J. W., & Wang, Y. M. (2018). Lacto-
bacillus acidophilus and Bifi dobacterium longum supernatants upregulate the serotonin transporter expression in 
intestinal epithelial cells. Saudi Journal of Gastroenterology, 24(1), 59—66. 

Chen, C. M., Wu, C. C., Huang, C. L., Chang, M. Y., Cheng, S. H., Lin, C. T., & Tsai, Y. C. (2022). Lactobacillus 
plantarum PS128 promotes intestinal motility, mucin production, and serotonin signaling in mice. Probiotics and 
Antimicrobial Proteins, 14(3), 535—545. 

Chen, Y., Xu, J., & Chen, Y. (2021). Regulation of neurotransmitters by the gut microbiota and eff ects on cognition in 
neurological disorders. Nutrients, 13(6), 2099. 

Chiu, I. M., Heesters, B. A., Ghasemlou, N., Von Hehn, C. A., Zhao, F., Tran, J., Wainger, B., Strominger, A., Mu-
ralidharan, S., Horswill, A. R., Bubeck Wardenburg, J., Hwang, S. W., Carroll, M. C., & Woolf, C. J. (2013). Bacteria 
activate sensory neurons that modulate pain and infl ammation. Nature, 501(7465), 52—7. 

Clos-Garcia, M., Andrés-Marin, N., Fernández-Eulate, G., Abecia, L., Lavín, J. L., van Liempd, S., Cabrera, D., Royo, 
F., Valero, A., Errazquin, N., Vega, M. C. G., Govillard, L., Tackett, M. R., Tejada, G., Gónzalez, E., Anguita, J., 
Bujanda, L., Orcasitas, A. M. C., Aransay, A. M., Maíz, O., López de Munain, A., & Falcón-Pérez, J. M. (2019). Gut 
microbiome and serum metabolome analyses identify molecular biomarkers and altered glutamate metabolism in 
fi bromyalgia. EBioMedicine, 46, 499—511. 

Corriero, A., Giglio, M., Inchingolo, F., Moschetta, A., Varrassi, G., & Puntillo, F. (2024). Gut Microbiota Modula-
tion and Its Implications on Neuropathic Pain: A Comprehensive Literature Review. Pain and Th erapy, 13, 33—51. 



ISSN 1028-0987. Microbiological Journal. 2026. (3) 113

Probiotics’ Neurotransmitters in Pain Regulation

Cox, M. A., Bassi, C., Saunders, M. E., Nechanitzky, R., Morgado-Palacin, I., Zheng, C., & Mak, T. W. (2020). Beyond 
neurotransmission: acetylcholine in immunity and infl ammation. J Intern Med, 287(2),120—133. 

Cui, Y., Miao, K., Niyaphorn, S., & Qu, X. (2020). Production of Gamma-Aminobutyric Acid from Lactic Acid Bac-
teria: A Systematic Review. Int J Mol Sci, 21(3), 995. 

Duranti, S., Ruiz, L., Lugli, G. A., Tames, H., Milani, C., Mancabelli, L., Mancino, W., Longhi, G., Carnevali, L., 
Sgoifo, A., Margolles, A., Ventura, M., Ruas-Madiedo, P., &Turroni, F. (2020). Bifi dobacterium adolescentis as a key 
member of the human gut microbiota in the production of GABA. Sci Rep, 10(1), 14112. 

Engevik, M. A., Luck, B., Visuthranukul, C., Ihekweazu, F. D., Engevik, A. C., Shi, Z., Danhof, H. A., Chang- Gra-
ham, A. L., Hall, A., Endres, B. T., Haidacher, S. J., Horvath, T. D., Haag, A. M., Devaraj, S., Garey, K. W., Brit-
ton, R. A., Hyser, J. M., Shroyer, N. F., & Versalovic, J. (2021a). Human- derived Bifi dobacterium dentium mod-
ulates the mamma lian serotonergic system and gut—brain axis. Cellular and Molecular Gastroenterology and 
Hepatology, 11(1), 221—248. 

Engevik, M., Ruan, W., Visuthranukul, C., Shi, Z., Engevik, K. A., Engevik, A. C., Fultz, R., Schady, D. A., Spinler, 
J. K., & Versalovic, J. (2021b). Limosilactobacillus reuteri ATCC 6475 metabolites upregulate the serotonin trans-
porter in the intestinal epithelium. Benefi cial Microbes, 12(6), 583—599. 

Feehily, C., & Karatzas, K. A. G. (2013). Role of glutamate metabolism in bacterial responses towards acid and other 
stresses. J Appl Microbiol, 114, 11—24. 

Ferrari, S., Mule, S., Parini, F., Galla, R., Ruga, S., Rosso, G., Brovero, A., Molinari, C., & Uberti, F. (2024). Th e infl u-
ence of the gut-brain axis on anxiety and depression: A review of the literature on the use of probiotics. Journal of 
Traditional and Complementary Medicine, 14(3), 237—255. 

Fyntanidou, B., Amaniti, A., Soulioti, E., Zagalioti, S. C., Gkarmiri, S., Chorti, A., Loukipoudi, L., Ioannidis, A., 
Dalakakis, I., Menni, A. E., Shrewsbury, A. D., & Kotzampassi, K. (2023). Probiotics in Postoperative Pain Manage-
ment. J Pers Med, 13(12), 1645. 

Ghazanfari, N., Fallah, S., Vasiee, A., & Yazdi F. T. (2023). Optimization of fermentation culture medium contain-
ing food waste for l-glutamate production using native lactic acid bacteria and comparison with industrial strain. 
LWT, 184,114871. 

Gu, Y., Wang, C., Qin, X., Zhou, B., Liu, X., Liu, T., Xie, R., Liu, J., Wang, B., & Cao, H. (2022). Saccharomyces boular-
dii, a yeast probiotic, inhibits gut motility through upregulating intestinal serotonin transporter and modulating 
gut microbiota. Pharmacological Research, 181, 106291. 

Guo, R., Chen, L. H., Xing, C., & Liu, T. (2019). Pain regulation by gut microbiota: molecular mechanisms and thera-
peutic potential. Br J Anaesth, 123(5), 637—654. 

Hamamah, S., Aghazarian, A., Nazaryan, A., Hajnal, A., & Covasa, M. (2022). Role of Microbiota-Gut-Brain Axis in 
Regulating Dopaminergic Signaling. Biomedicines, 10(2), 436. 

Iorizzo, M., Paventi, G., & Di Martino, C. (2024). Biosynthesis of Gamma-Aminobutyric Acid (GABA) by Lactiplan-
tibacillus plantarum in Fermented Food Production. Curr Issues Mol Biol, 46, 200—220. 

Jiang, C., Chen, Y., & Sun, T. (2025). From the gut to the brain, mechanisms and clinical applications of γ-aminobutyric 
acid (GABA) on the treatment of anxiety and insomnia. Front Neurosci, 19, 1570173. 

Kroker Kimber, I., & Tremblay, M. È. (2025). Food for thought: probiotic modulation of microglial activity in Par-
kinson’s disease. Front Mol Neurosci, 18, 1690507. 

Kumar, A., Sivamaruthi, B. S., Dey, S., Kumar, Y., Malviya, R., Prajapati, B.G., & Chaiyasut, C. (2024). Probiotics as 
modulators of gut-brain axis for cognitive development. Front Pharmacol, 15, 1348297. 

Lagomarsino, V. N., Kostic, A. D., & Chiu, I. M. (2020). Mechanisms of microbial-neuronal interactions in pain and 
nociception. Neurobiol Pain, 9, 100056. 

Latif, A., Shehzad, A., Niazi, S., Zahid, A., Ashraf, W., Iqbal, M. W., Rehman, A., Riaz, T., Aadil, R. M., Khan, I. M., 
Özogul, F., Rocha, J. M., Esatbeyoglu, T., & Korma, S. A. (2023). Probiotics: mechanism of action, health benefi ts 
and their application in food industries. Front Microbiol, 14, 1216674. 

Lee, S. J., Lee, H. S., & Lee, D. W. (2015). Production of-aminobutyric acid using immobilized glutamate decarbox-
ylase from Lactobacillus plantarum. Microbiol Biotechnol Lett, 43(3), 300—305. 

Li, B., Li, M., Luo, Y., Li, R., Li, W., & Liu, Z. (2022). Engineered 5-HT producing gut probiotic improves gastrointes-
tinal motility and behavior disorder Front Cell Infect Microbiol, 12. 

Li, H., Li, B., Gao, L., Ge, R., Cui, X., Zhou, J., & Li, Z. (2023). Gamma-aminobutyric acid (GABA) promotes charac-
teristics of Levilactobacillus sp. LB-2. LWT, 184,115014. 



114 ISSN 1028-0987. Microbiological Journal. 2026. (3)

S.O. Starovoitova, T.V. Zhylikhovska 

Li, H., Qiu, T., Huang, G., & Cao Y. (2010). Production of gamma-aminobutyric acid by Lactobacillus brevis NCL912 
using fed-batch fermentation. Microbial Cell Factories, 9, 85. 

Lin, B., Wang, Y., Zhang, P., Yuan, Y., Zhang, Y., & Chen, G. (2020). Gut microbiota regulates neuropathic pain: po-
tential mechanisms and therapeutic strategy. Th e Journal of Headache and Pain, 21, 103. 

Lotfy, W. A., Ali, A. M., Abdou, H. M., & Ghanem, K. M. (2025). Optimization of fermentation conditions for en-
hanced acetylcholine and biomass production of Lactiplantibacillus plantarum AM2 using the Taguchi approach. 
BMC Microbiol, 25(1), 317. 

Lyte, M., & Villageliu, D. N. (2019). Probiotic compositions for production of dopamine (WO 2019/060661 A1). 
World Intellectual Property Organization.

Lyte, M., Daniels, K., Byrd, J. A., Genovese, K., Swaggerty, C. L., & Kogut, M. H. (2025). Use of a microbial endocri-
nology designed dopamine-producing probiotic to control gut neurochemical levels associated with the develop-
ment of gut infl ammation. Poult Sci, 104(5), 105028. 

Merecz, K., Hirsa, M., Biniszewska, O., Fichna, J., & Tarasiuk, A. (2023). An overview of 5-HT3 receptor antagonists 
as a treatment option for irritable bowel syndrome with diarrhea. Expert Opin Pharmacother. 24(10), 1189—1198. 

Mishra, M., Subhan, A., Mishra, R., Mazumder, A., Kumar, B., & Joshi, K. (2023). Potential therapeutic appli-
cation of probiotics in the treatment of neuropathic pain: A mechanistic aspects of brain-gut axis. Trends in 
Immunotherapy, 7 (2). 

Morreale, C., Bresesti, I., Bosi, A., Baj, A., Giaroni, C., Agosti, M., & Salvatore, S. (2022). Microbiota and Pain: Save 
Your Gut Feeling. Cells, 11(6), 971. 

Naser, P. V., & Kuner, R. (2018). Molecular, Cellular and Circuit Basis of Cholinergic Modulation of Pain. Neurosci-
ence, 387, 135—148. 

 Nazemian, V., Shadnoush, M., Manaheji, H., & Zaringhalam, J. (2016). Probiotics and Infl ammatory Pain: A Litera-
ture Review Study. Middle East J Rehabil Health, 3(2), e36087. 

Olivo-Martínez, Y., Martínez-Ruiz, S., Cordero-Alday, C., Bosch, M., Badia, J., & Baldoma, L. (2024). Modulation of 
serotonin-related genes by extracellular vesicles of the probiotic Escherichia coli Nissle 1917 in the interleukin-1β-
induced infl ammation model of intestinal epithelial cells. Int J Mol Sci, 25, 5338. 

Otaru, N., Ye, K., Mujezinovic, D., Berchtold, L., Constancias, F., Cornejo, F. A., Krzystek, F., de Wouters, T., Braeg-
ger, C., Lacroix, C., & Pugin, B. (2021). GABA production by human intestinal Bacteroides spp.: prevalence, regula-
tion, and role in acid stress tolerance. Front Microbiol, 12, 656895. 

Patel, N. J., Hajoori, M., & Desai, P. (2025). Evaluating probiotic properties of gut microfl ora for gut modulation as 
an adjuvant therapy for Parkinson’s disease. Journal of Future Foods, 5(3), 304—316. 

Pretorius, L., & Smith, C. (2020). Th e trace aminergic system: A gender- sensitive therapeutic target for IBS? Journal 
of Biomedical Science, 27(1), 1—19. 

Qu, S., Yu, Z., Zhou, Y., Wang, S., Jia, M., Chen, T., & Zhang, X. (2024). Gut microbiota modulates neurotransmitter 
and gut-brain signaling. Microbiol Res, 287, 127858. 

Rajanala, K., Kumar, N., & Chamallamudi, M. R. (2021). Modulation of Gut-Brain Axis by Probiotics: A Promising 
Anti-depressant Approach. Current Neuropharmacology, 19(7), 990—1006. 

Ren, H., Cao, B., Xu, Q., Zhao, R., Li, H., & Wei, B. (2025). Role of microbiota in pain: From bench to bedside. 
iMetaOmics. 

Sahab, N. R. M., Subroto, E., Balia, R. L., & Utama, G. L. (2020). γ-Aminobutyric acid found in fermented foods and 
beverages: current trends. Heliyon, 6(11), e05526. 

Santos-Espinosa, A., Beltrán-Barrientos, L. M., Reyes-Díaz, R., Mazorra-Manzano, M. A., Hernández-Mendoza, A., 
González-Aguilar, G. A., Sáyago-Ayerdi, S. G., Vallejo-Cordoba B., & González-Córdova, A. F. (2020). Gamma-
aminobutyric acid (GABA) production in milk fermented by specifi c wild lactic acid bacteria strains isolated from 
artisanal Mexican cheeses. Annals of Microbiology, 70, 12. 

Sathiyaseelan, A., & Wang, M.-Y. (2023). Preparation and characterization of dopamine-loaded bacterial cargo for 
anti-infl ammatory applications. Journal of Drug Delivery Science and Technology, 89, 105079. 

Starovoitova S.O., Spivak M.Ya. (2025) Probiotics in pain regulation: mechanisms and evidence from preclinical and 
clinical. Mikrobiolohichnyi Zhurnal. 87(5): 102-116. https://doi.org/10.15407/microbiolj87.05.102

Sun, H., Zhao, F., Liu, Y., Ma, T., Jin, H., Quan, K., Leng, B., Zhao, J., Yuan, X., Li, Z., Li, F., Kwok, L.Y., Zhang, S., 
Sun, Z., Zhang, J., & Zhang, H. (2022). Probiotics synergized with conventional regimen in managing Parkinson’s 
disease. NPJ Parkinsons Dis, 8(1), 62. 



ISSN 1028-0987. Microbiological Journal. 2026. (3) 115

Probiotics’ Neurotransmitters in Pain Regulation

Tan, A. H., Hor, J. W., Chong, C. W., & Lim, S.-Y. (2021). Probiotics for Parkinson’s disease: Current evidence and 
future directions. An open access journal of gastroenterology and hepatology, 5, 414—419. 

Temmermand, R., Barrett, J. E., & Fontana. A. C. K. (2022). Glutamatergic systems in neuropathic pain and emerging 
non-opioid therapies. Pharmacol Res, 185, 106492. 

Villageliú, D., & Lyte, M. (2018). Dopamine production in Enterococcus faecium: A microbial endocrinology-
based mechanism for the selection of probiotics based on neurochemical-producing potential. PLoS One, 13(11), 
e0207038. 

 Wang, H., Huang, J., Sun, L., Xu, F., Zhang, W., & Zhan, J. (2018). An effi  cient process for co-production of 
γ-aminobutyric acid and probiotic Bacillus subtilis cells. Food Science and Biotechnology, 28, 155—163. 

Wang, X., Wang, Y., Nan, B., Cao, Y., Piao, C., Li, X., & Wang, Y. (2024). Optimization of fermentation for gamma-
aminobutyric acid (GABA) production by Lactiplantibacillus plantarum Lp3 and the development of fermented 
soymilk. LWT, 195, 115841. 

Xu, J., & Lu, Y. (2025). Th e microbiota-gut-brain axis and central nervous system diseases: from mechanisms of 
pathogenesis to therapeutic strategies. Front Microbiol, 16, 1583562. 

Yaghoubfar, R., Behrouzi, A., Ashrafi an, F., Shahryari, A., Moradi, H. R., Choopani, S., Hadifar, S., Vaziri, F., Nojoumi, 
S. A., Fateh, A., Khatami, S., & Siadat, S. D. (2020). Modulation of serotonin signaling/metabolism by Akkermansia 
muciniphila and its extracellular vesicles through the gut-brain axis in mice. Scientifi c Reports, 10(1), 22119. 

Yaghoubfar, R., Behrouzi, A., Zare Banadkoki, E., Ashrafi an, F., Lari, A., Vaziri, F., Nojoumi, S. A., Fateh, A., Khatami, 
S., & Siadat, S. D. (2021). Eff ect of Akkermansia muciniphila, Faecalibacterium prausnitzii, and their extracellular 
vesicles on the serotonin system in intestinal epithelial cells. Probiotics Antimicrob Proteins, 13, 1546—1556. 

Yano, J. M., Yu, K., Donaldson, G. P., Shastri, G. G., Ann, P., Ma, L., Nagler, C. R., Ismagilov, R. F., Mazmanian, S. K., 
& Hsiao, E. Y. (2015). Indigenous bacteria from the gut microbiota regulate host serotonin biosynthesis. Cell, 
161(2), 264—276. 

Yao, L.-L., Cao, J.-R., Lyu, C.-J., Fan, F.-F., Wang, H.-P., Cao, H.-W., Huang, J., & Mei, L.-H. (2021). Food-grade 
c-aminobutyric acid production by immobilized glutamate decarboxylase from Lactobacillus plantarum in rice 
vinegar and monosodium glutamate system. Biotechnol Lett, 43, 2027—2034. 

Yogeswara, I. B. A., Maneerat, S., & Haltrich, D. (2020). Glutamate decarboxylase from lactic acid bacteria—a key 
enzyme in GABA synthesis. Microorganisms, 8 (12), 1923. 

Zhao, M., Zhang, L., & Liu, Z. (2025). Gut microbiota-mediated pain sensitization: mechanisms and therapeutic 
implications. Front Pain Res, 6, 1626515. 

Zhou, Y. Q., Liu, D. Q., Liu, C., Xu, A. J., Tian, Y. K., Mei, W., & Tian, X. B. (2022). Targeting α7 nicotinic acetyl-
choline receptors for chronic pain. Front Mol Neurosci, 15, 970040. 

Zhu, F., Hu, S., & Mei, L. (2024). Production and quality evaluation of a novel γ-aminobutyric acid-enriched yogurt. 
Front Nutr, 11, 1404743. 

Received 24.10.2025



116 ISSN 1028-0987. Microbiological Journal. 2026. (3)

S.O. Starovoitova, T.V. Zhylikhovska 

С.О. Старовойтова1,2, Т.В. Жиліховська2

1 Національний університет харчових технологій,
вул. Володимирська, 68, Київ, 01601, Україна

2 Інститут мікробіології і вірусології ім. Д.К. Заболотного НАН України,
вул. Академіка Заболотного, 154, Київ, 03143, Україна

НЕЙРОМЕДІАТОРИ ПРОБІОТИЧНИХ МІКРООРГАНІЗМІВ У РЕГУЛЯЦІЇ БОЛЮ

Біль, що вражає понад п’яту частину населення світу, залишається серйозною медичною та соціальною 
проблемою, що зумовлює необхідність розробки безпечних і ефективних стратегій його профілактики 
та контролю. Сучасні дослідження підкреслюють ключову роль кишкової мікробіоти та пробіотиків у 
модуляції больових відчуттів через нейрохімічні, імунні та метаболічні шляхи взаємодії вздовж осі «кишеч-
ник—мозок». Пробіотичні мікроорганізми здатні синтезувати основні нейромедіатори — γ-аміномасляну 
кислоту (ГАМК), серотонін (5-НТ), дофамін, глутамат і ацетилхолін — тим самим впливаючи на нейронну 
збудливість, нейрозапальні процеси та сприйняття болю. ГАМК-продукуючі молочнокислі бактерії, 
зокрема представники родів Lactobacillus, Bifi dobacterium та Levilactobacillus brevis, успішно застосовуються 
в біотехнологічному виробництві функціональних продуктів харчування  — таких як збагачений 
ГАМК йогурт, соєве молоко та рисовий оцет, тощо. Ці штами сприяють аналгетичному ефекту шля-
хом інгібування нейронної гіперзбудливості, пригнічення цитокінів і посилення ендогенних механізмів 
гальмування болю. Аналогічно, пробіотична модуляція серотонінергічної системи включає підвищення 
експресії триптофангідроксилази (TPH1), регуляцію транспортера серотоніну (SERT) та активацію рецеп-
торів 5-HT, що знижує вісцеральну гіперчутливість і передачу больових імпульсів. Пробіотичні види, такі 
як Enterococcus faecium і Lactiplantibacillus plantarum, впливають на дофамінергічні шляхи, перетворюючи 
L-DOPA на дофамін, що модулює сигнальні процеси по осі кишечник—мозок і нейрозапалення, пов’язані 
з хронічним болем та нейродегенеративними розладами. Крім того, метаболізм глутамату пробіотичними 
штамами сприяє підтриманню балансу між збуджувальними та гальмівними нейромедіаторами через 
активність глутаматдекарбоксилази, забезпечуючи нейропротекцію та зменшення ексайтотоксичності. 
Пробіотики, здатні продукувати ацетилхолін, активують холінергічний протизапальний шлях, знижують 
системне запалення та регулюють сенсорну передачу сигналів у ентеричній та центральній нервових 
системах. Таким чином, пробіотики — продуценти нейромедіаторів — становлять перспективний напрям 
мікробіота-орієнтованих стратегій контролю хронічного болю. Інтеграція досягнень харчової біотехнології, 
нейробіології та мікробної ендокринології відкриває можливості створення нових природних, безпечних і 
ефективних пробіотичних препаратів для регуляції больової чутливості через вісь кишечник—мозок.
Ключові слова: пробіотики, постбіотики, кишкова мікробіота, біль, нейромедіатори, серотонін, γ-амі но-
мас ляна кислота, дофамін, глутамат, ацетилхолін.


