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Abstract. The presence of many common aspects in autoregulatory mechanisms and processes of
ensuring the constancy of the internal environment determines the uniqueness of the cerebro-renal
system. Gamma-aminobutyric acid (GABA), in addition to the key coordinating role in brain activity
and its metabolism, has inherent regulatory effects in non-neuronal tissues. Given the fact that there is a
relationship between GABA levels and the functional and metabolic state of other organs and systems,
the aim of the work is to focus on scientific information regarding local GABAergic systems, the location
of their components in the nephron and the renal effects of GABA under different conditions. In additfion
to the fact that GABA has therapeutic potential against acute kidney injury and chronic kidney disease,
pharmacological modulators of GABA can provoke nephrotoxicity. The reasons for the diversity of renal
responses under the influence of GABA and agents with agonist activity are multifactorial in nature, which
should be taken info account, and within the framework of GABAergic strategies, effective and safe

therapeutic approaches should be sought and applied.
Keywords: gamma-aminobutyric acid; cerebro-renal system, mechanisms of interrelationship

The nervous system and the kidneys interact to main-
tain normal body homeostasis. In pathological processes,
disruption of these relationships can lead to impaired re-
nal function and sodium ion processing, resulting in fluid
and electrolyte imbalance. Increasing evidence suggests the
importance of interactions between the nervous system and
the kidneys, given the high prevalence of acute kidney in-
jury (AKI) and chronic kidney disease (CKD) in patients
with cerebrovascular diseases [1]. The presence of many
common anatomical and physiological aspects determines
the uniqueness of the cerebro-renal system. In addition to
the need for a stable and constantly high blood volume and
local autoregulation of blood flow, there is a close connec-
tion between the brain and the kidneys both in normal and
pathological conditions. Nerve impulses from the central
nervous system (CNS) regulate renal blood flow, glomerular
and tubular processes. The kidneys interact with the CNS
through thinly myelinated and unmyelinated nerve fibers to
regulate sodium ion processing [2].

Among neurohumoral regulators of homeostasis, one
of the most common neurotransmitters in mammals is
gamma-aminobutyric acid (GABA), which is distributed
in most brain regions and in 40 % of inhibitory synapses in
adult vertebrates [3]. Components of the GABAergic system
have structural, molecular, and functional differences and
are present in neuronal and non-neuronal tissues, modulate
physiological processes, and participate in the pathogenesis
of a number of diseases [4].

The aim of the work is to focus on scientific information
regarding local GABAergic systems, in particular the loca-
tion of its components in the nephron, and the renal effects
of GABA under different conditions of renal function.

GABA is a natural amino acid that acts as the primary
inhibitory neurotransmitter in the CNS. Performing its bio-
logical function at the interneuronal synapse, GABA binds
to postsynaptic receptors that modulate ion channels, hy-
perpolarize the cell, and inhibit action potential transmis-
sion [5]. GABA signaling in the CNS has been extensively

©2025. The Authors. This is an open access article under the terms of the Creative Commons Attribution 4.0 International License, CCBY, which allows othersto  freely distribute the published
article, with the obligatory reference to the authors of original works and original publication in this journal.

[Ina kopecnoxpeHuii: Oinineus Hatania IMuTpiBHa, AOKTOP MeAMYHIX HayK, npodecop, kadeapa dapmakonorii, ByKoBUHCbKMIA AepxaBHuil MeANuHWiA yHiBepcuTeT, TeatpanbHa ni., 2, M. YepHisLi,

58002, YkpaiHa; e-mail: natalya.dmi@gmail.com

For correspondence: Nataliia D. Filipets, MD, PhD, Professor, Department of Pharmacology, Bukovinian State Medical University, Theatre Sq., 2, Chernivtsi, 58002, Ukraine; e-mail:

natalya.dmi@gmail.com
Full list of authors’ information is available at the end of the article.

260

Kidneys

Vol. 14, No. 3, 2025


https://creativecommons.org/licenses/by/4.0/
mailto:natalya.dmi@gmail.com
mailto:natalya.dmi@gmail.com
https://orcid.org/0000-0001-8582-6685
https://orcid.org/0000-0003-2609-0051
https://orcid.org/0000-0001-9100-0070
https://orcid.org/0000-0002-9566-4277
https://orcid.org/0000-0003-0336-1103
https://orcid.org/0000-0002-5336-0355
https://orcid.org/0000-0001-7872-6731

Oraga / Review

studied. GABA, GABA,, and GABA, receptors, despite
their differences in physiological, biochemical, functional,
and pharmacological properties, are the main inhibitory re-
ceptors in the CNS and they regulate neuronal excitability
when GABA is released into the postsynaptic nerve terminal
[6]. GABA is functionally opposite to the major excitatory
neurotransmitter glutamate (glutamic acid, Glu), which,
like GABA, is the most abundant neurotransmitter in the
CNS. GABA-mediated neuronal activity occurs due to the
coordinated and dynamically regulated balance between
inhibitory (mainly GABAergic) and excitatory (mainly glu-
tamatergic) effects mediated by GABA receptors and Glu
receptors (NMDA receptors). Proper GABA/Glu balance is
essential for the normal functioning of most complex brain
processes, and imbalance has been implicated in neurode-
velopmental pathology, neurodegenerative/neurological,
psychiatric diseases, and acute neurological disorders [7, 8].

The biological significance of GABA is not limited to
maintaining excitatory/inhibitory balance. In addition to
the fact that GABA is a key coordinator of brain activity and
its metabolism, the GABA system has regulatory functions
in other, non-neuronal tissues and organs. It is now known
that GABA levels are interconnected with the physiologi-
cal state of metabolic organs and the pathogenesis of meta-
bolic diseases. GABA is synthesized in significant quanti-
ties in the islets of the pancreas [9]. GABA released from
B-cells can have both autocrine and paracrine effects in hu-
man islets of Langerhans. The result of the action of GABA
through GABA, receptors on o.-cells of the pancreas is the
production of glucagon, on B-cells — insulin secretion [10].

Disturbances in GABA signaling have significant conse-
quences in several physiological processes in the liver, as well
as liver diseases. Today, there is a sufficient number of scien-
tific reports that GABAergic innervation of the liver not only
exists, but may also play an important role in the regulation
of liver development and function. Activation of GABAergic
processes can protect the liver from toxic damage to hepa-
tocytes, and GABA production by hepatocytes plays a key
role in the regulation of blood glucose and feeding behavior
in obesity; therefore, reducing GABA in the liver improves
insulin sensitivity [11].

GABA has been reported to affect cardiovascular regu-
lation through central and peripheral GABAergic mecha-
nisms. A systematic review and meta-analyses show that
oral GABA reduces blood pressure in patients with high
normal blood pressure and stage 1 hypertension [12].
GABA, receptor activation/inhibition affects post-infarc-
tion ventricular remodeling by modulating monocyte/mac-
rophage subsets [13]. Atrioventricular node pacemaker cells
have been shown to have an intrinsic GABAergic system
[14]. Along with GABAergic vesicles, GABA metabolic en-
zymes, receptors, and transporters have been identified in
atrioventricular node pacemaker cells. In the same study,
the authors suggest that the endogenous GABAergic sys-
tem, by ensuring consistent atrioventricular contraction,
plays a key role in the conduction of impulses from the atria
to the ventricles.

AKI is known to modulate the CNS, and the end result
is an increase in central sympathetic influences, which exa-

cerbates kidney damage [15]. In CKD, renal denervation
modulates sympathetic outflow also through GABAergic
mechanisms [16]. Stimulation of GABA, receptors in the
CNS mediates the preventive effect of GABA in AKI due
to inhibition of increased renal sympathetic activity du-
ring renal ischemia/reperfusion [17]. Functional relation-
ship between the kidneys and the CNS through GABA was
confirmed by research [18], where it was established that af-
ferent renal nerves are involved in GABAergic changes in
the paraventricular nucleus of the hypothalamus. Renal af-
ferents are known to play a crucial role in the regulation of
renal function, being activated by changes in pressure, fluid
composition and oxygen levels in the kidneys. It is suggested
that an increase in GABAergic inputs to the paraventricular
nucleus occurs to attenuate sympathetic excitation in reno-
vascular hypertension in rats, carrying information from the
kidneys to the CNS.

It is worth noting that sympathetic activation increases
the expression of the renin-angiotensin system, the synthe-
sis of its components and the release into the circulatory
system [19, 20]. When the renin-angiotensin system, which
controls blood pressure and sodium homeostasis, is overac-
tivated, its sodium-retaining effect is mediated by intrarenal
and extrarenal, including central, mechanisms [21]. Evi-
dence for the involvement of GABA in the integrated effects
of the renin-angiotensin system in the kidneys, cardiovas-
cular system, and CNS comes from studies indicating the
dependence of GABAergic synaptic inputs in the CNS on
the activity of angiotensin II [22].

Thus, the role of the GABAergic system in renal func-
tion has been practically established. The hypothesis of
the existence of a renal GABAergic system has received
evidence from the study on the effects of GABA on the pre-
vention of renal pathology and the identification of GABA
components in the kidneys. Studies in rats with hyperten-
sion and CKD showed that GABA, receptor expression in
the CNS was increased, central GABA levels were reduced
in the cerebrospinal fluid, and peripheral GABA levels were
increased in serum. Renal denervation in CKD restored glu-
tamate decarboxylase (GAD) activity, similar to the effect
observed with baclofen (a GABA, receptor agonist), and
systemic administration of gabapentin (a GABA analog)
reduced blood pressure. It has been shown that improving
GABA system dysfunction prevents the development and
reduces the severity of cardiorenal syndrome in rats with
CKD [23].

Of particular note is the information about the specifi-
city of the distribution of GABA components in the neph-
ron. An understanding of the peculiarities of the localization
of the renal components of the GABAergic system provides
an understanding of the functional significance of this ami-
no acid in renal processes, the mechanisms of interaction
between the nervous system and the kidneys through the
GABA system, which is of great importance for the progress
of knowledge in the field of the theory of diseases based on
the patterns of pathology development [24].

Studies on the expression of the GABAergic system in
non-neuronal tissues have shown that each of its compo-
nents is present in the kidneys. Analysis of the presence of
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GABA-like immunoreactivity (GABA-LI) in the rat kidney
using light and electron microscopy revealed GABA-posi-
tive structures in vibratome sections of the medulla and cor-
tex [25]. The specific distribution of GABA in the tubular
epithelium demonstrated the functional significance of this
amino acid in the transport processes in the tubules. Thus,
the distribution of GABA-LI was heterogeneous: the inner
strip of the outer medulla was most strongly and almost uni-
formly labeled, while GABA-LI in the cortical substance
was mostly limited to only a few tubules. GABA-positive
structures included epithelial cells of the thin and thick as-
cending parts of the loop of Henle, connecting tubules and
collecting tubules. In GABA-positive connecting tubules
and collecting tubules, immunoreactivity was present in the
cytoplasm of approximately half of the epithelial cells. As
shown by electron microscopy in this study, the labeled cells
in the collecting tubules were light (principal) cells.

Analysis of GABA-related RNA template molecules by
RT-PCR revealed a unique set of GABA receptor subunits
and subtypes in the kidneys of Wistar-Kyoto rats [26]. Thus,
in the renal cortex, as in the cerebral cortex of Wistar-Kyoto
rats, the expression of GABA, receptor subunits, o1, 33, 9,
€, m, was detected, mainly in the apical region of the corti-
cal tubules. Immunofluorescence study of protein localiza-
tion showed that the ol subunit is widely distributed in the
proximal tubules; 3 subunits were observed in the proximal
tubules, in particular in tall cells and cells with a structure
similar to a brush border, as well as in the distal tubules. The
staining of the m subunit was mainly in the distal tubules and
to a lesser extent in the proximal tubules. At the same time,
immunoblotting showed that the kidneys can express similar
or higher amounts of 33, p1 subunits than the brain. Both
subtypes of GABA, receptors, R1 and R2, and the pl and
p2 subunits of the GABA_. receptor were also found in the
rat kidney cortex. At the same time, GAD enzymes involved
in the synthesis of GABA, GAD67 and GADG65, the GABA
transporter, GAT2, and the GABA-transaminase enzyme
that metabolizes GABA were expressed in the rat kidney,
which, according to these scientists, suggests the existence
of a local renal GABAergic system with an autocrine/para-
crine mechanism.

It is worth noting that 90 % of the renal cortex is made
up of renal tubules, which play an important role in homeo-
stasis and are the structures with the greatest energy needs
of the kidneys. Tubular segments (proximal and distal seg-
ments, nephron loop, collecting tubules) have unique re-
absorption properties, most pronounced in the cells of the
proximal convoluted tubules. Under normal conditions, all
glucose, amino acids, 65 % of sodium ions and water are
reabsorbed in the proximal segment; sodium, potassium and
chloride ions are reabsorbed together through a symporter
in the thick ascending limb of the loop of Henle; in the distal
segment, as in the collecting tubules, primary active trans-
port of sodium ions occurs on the basolateral membrane
and secondary — on the apical membrane [27]. The energy
supply of tubular reabsorption is carried out by Na+/K+-
ATPase, which is able to modulate the sensitivity and ex-
pression of neurotransmitter receptors, in particular GABA
and NMDA; therefore, it participates in the control of the

functions of membrane neurotransmitter receptors [28]. In
turn, modulation of Na+/K+-ATPase activity by endo- and
exogenous ligands alters transtubular transport in the kid-
neys, suggesting a relationship between this pump and the
renal GABA system.

Given the presence of the GABAergic system in the kid-
neys, a study was conducted on the influence of the GABA/
glutamate system on the vasoactive response from renal mi-
crovessels [29]. The results demonstrate for the first time that
activation of endogenous GABA and NMDA receptors in
the kidneys significantly alters microvascular diameter with
important consequences for renal blood flow. The GABA-
and Glu-mediated effects on renal capillaries revealed in
this study were surprisingly similar to their central regula-
tory effects on the CNS capillaries. It was noted that since
dysregulation of renal blood flow is associated with CKD,
alterations in the GABA system may have a significant im-
pact on long-term renal function.

The important role of GABA in renal physiology and
pathology is evidenced by the results of studies on its reno-
protective effects. GABA-enriched salt has a protective
effect against the negative impact of high salt intake in pa-
tients with cisplatin-induced nephrotoxicity, which is cha-
racterized by suppression of hematological and biochemical
toxicity, renal cell apoptosis, and renal inflammation [30].
GABA administration significantly improved the markedly
elevated blood urea nitrogen and creatinine levels and de-
creased creatinine clearance in the progression of glycerol-
induced renal failure, and fractional excretion of sodium
ions was also reduced [31].

The first study to investigate the immunomodulatory
mechanisms of GABA in renal failure demonstrated the ef-
fects of GABA on renal inflammation both in vivo and in
vitro. GABA regulates renal inflammation by significantly
reducing serum inflammatory markers, induction of mono-
cyte migration, and the number and infiltration of macro-
phages, which are crucial for the initiation of renal inflam-
mation. The results suggested that GABA has a protective
effect against renal injury [32]. The use of a combination
of amikacin and GABA without/with loading on chitosan
nanoparticles confirmed the protective effects of GABA
against amikacin nephrotoxicity, as it improves renal func-
tion, oxidative stress and demonstrates a significant homeo-
static role mediated by the suppression of inflammatory cy-
tokines of the Th1, Th2 and Th17 types [33].

Recent studies have revealed a novel role for GABA
in combating oxidative stress under high glucose condi-
tions. In Mongolian sheep kidney cells, GABA markedly
increased cell viability and effectively mitigated oxidative
damage induced by high glucose stress through upregula-
tion of antioxidant genes and regulation of metabolic path-
ways, suggesting a potential mechanism for adaptation to
extreme conditions [34]. The antioxidant effects of GABA
are linked to its impact on mitochondria [35, 36]. The kid-
neys, especially the cells of the proximal tubules, are rich
in mitochondria, so nephrotoxicity of drugs is manifested,
in particular, by mitochondrial damage [37]. GABA type A
receptor-associated protein is a protein that plays a role in
stabilizing GABA, receptors and is involved in mitophagy.
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By removing dysfunctional mitochondria from renal tubular
epithelial cells, reducing local inflammation and oxidative
damage, activation of mitophagy is protective in AKI [38].

Of particular note are reports of nephrotropic effects
of pharmacological neuromodulators that act through the
GABAergic system. Piracetam, a nootropic drug, a cyclic
derivative of GABA, improves markers of renal function
such as urea and creatinine, reduces histological damage,
the presence of inflammatory cells in the renal tubules,
and inhibits apoptosis in cisplatin-induced nephrotoxicity
[39]. At the same time, the use of GABA analogues for ade-
quate control of postoperative pain was associated with a
risk (higher for gabapentin compared to pregabalin) of de-
creased kidney function and the development of CKD [40].
Use of the tranquilizer diazepam, which increases GABA
receptor sensitivity, is associated with an increased risk of
AKI in children [41]. Valproic acid, whose anticonvulsant
activity is provided by inhibition of the enzyme GABA-
transaminase and GABA reuptake in brain tissues, can
cause obvious damage to the renal tubules, which is asso-
ciated with proximal tubular mitochondrial toxicity [42].
The renal effects of new-generation anticonvulsants with
anxiolytic activity, neurosteroids (ganaxolone), which, like
their endogenous analogues, activate extrasynaptic GABA
receptors, have not yet been studied. However, their need for
complex molecules to enhance biopharmaceutical proper-
ties such as B-cyclodextrin raises the risk of nephrotoxicity,
especially in renal disease [43].

As noted above, GABA receptor subunits are widely re-
presented in the renal tubules, which probably causes a simi-
lar damaging effect of other drugs with nephrotoxicity (an-
timicrobials, cytostatics, nonsteroidal anti-inflammatory
drugs), mainly in the proximal segment of the nephron. The
presence of GABA receptors in vascular smooth muscle re-
ceptors determines the vascular mechanisms of renal effects.
The following should be noted here: not only components of
the GABAergic system can be targets; the pharmacological
action of GABA analogues, like any drugs, has a multifac-
torial dependence; the function of GABA receptors in the
kidneys has not been definitively determined; the activity
of GABA receptor subunits is specific and depends on their
structure and function; the direct and indirect mechanisms
of GABA in the norm and pathophysiology of the kidneys
remain completely unknown. At the same time, taking into
account the broad relationships of GABA in the functional
and metabolic continuum of the body, its diverse reactions
in non-neuronal tissues, and the spectrum of protective ef-
fects, research on the renal GABA system, the search and
application of effective and safe approaches to pathogenetic
therapy of kidney pathology remain relevant for GABAergic
strategies.
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Qinineup H.A.", IBaHoB A.A.2 lepyi O.B.", @inineup O.0.", Kmets O.I7, @yHarop H.M.", Cro6oasH K.B."
'BYKOBUHCBKA ASPIKQBHUN MEANYHWV yHIBEpCUTET, M. YepHiBui, YKpaiHa
’HavioHanbHm meandHn yHisepcuter iM. O.O. boromonsLsi, M. Kuis, YkpaiHa

faMMa-aMiHOMACASIHO KUCAOTA SIK AOHKO MEXAHi3MIB LLepe6popeHAAbHUX B3OEMO3B’ a3KiB

Pestome. HasBHicTh 6aratbox CHibHUX aCIEKTiB B aBTOPETYJISI-
TOPHUX MeXaHi3Max i mpoliecax 3a0e3ne4eHHs1 CTaI0CTi BHYTPilll-
HBOTO CEPEeIOBUIIA 3yMOBIIOE YHIKaJIbHICTh LiepeOpopeHaTbHOT
cucremu. [amma-aminomacsHiit kucnori (TAMK), okpim xiio-
YOBOi KOOPAMHATOPHOI POJIi B aKTUBHOCTI MO3KY i 1Oro Mera-
00J1i3Mi, MpUTaMaHHi PEryJsiTOpHi BIUIMBU B HEHEUPOHaIbHUX
TKaHuHaxX. bepyun 10 yBarm Te, 110 iCHYE B3aEMO3B’SI30K MixX
piBHsaMu TAMK i ¢yHKIIOHaJIBHUM Ta METaO0OJIYHUM CTAaHOM
iHIIMX OPTaHiB i CUCTEM, METOIO POOOTH € 30CEPEIKEHHS yBaru
Ha HayKOBMX BiZoMOCTsX 1010 JokaibHux [AMKepriunux cuc-
TEM, PO3TalllyBaHHSI IXHiX KOMITIOHEHTIB y He(POHi Ta peHaTbHUX

BruuBiB TAMK 3a pizHux ymos. ITopyu i3 Tum, mo TAMK mae
TepaneBTUYHMI MOTEHIliaJl MPOTH FOCTPOrO MOLIKOIXKEHHS i Xpo-
HiYHOI XBOPOOU HUPOK, hapmakosioriuHi moaynsitopu TAMK mo-
XYTb CITPOBOKYBAaTH HEe(MPOTOKCUYHICTh. [IpMunHU pi3HOMAHIT-
HOCTi HUpKOBUX peakuiii mig BriuBoM TAMK i areHTiB 3 aronic-
TUYHOIO aKTUBHICTIO MalOTh 6araTro®akTOpHY MPUPO.Y, 1O CIIif
Opatu 10 yBaru, a B Mexax TAMKepriunux crpareriit notpioHo
LIYKAaTH Ta 3aCTOCOBYBaTU e(heKTHBHI i1 Oe3IeuHi TepaneBTUUHI
MiAXOIN.

Kimo4oBi cioBa: ramma-amiHOMacisHa KUCJIOTa; Liepedpope-
HaJbHa CUCTEMa; MEXaHi3MU B3aEMO3B’SI3KiB
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