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ABSTRACT

Acute kidney injury (AKI) is characterized by rapid loss of kidney function, associated with
renal cell death. Epidemiology of AKI differs in developed countries from that in developing
countries. In developed countries, the AKI predominates in the elderly people whereas in
developing countries AKI is prevalent among young people and children. The various
reasons for post-renal AKI include renal papillary necrosis, kidney stones, bladder tumor,
carcinoma of cervix and prostrate hypertrophy. Ischemia reperfusion injury is the most
common cause of Acute kidney injury. Ischemia causes impairment of renal functions by
inducing renal vasoconstriction, renal tubular obstruction, tubular leakage of glomerular
filterate and decreased glomerular permeability. GABA is the major inhibitory
neurotransmitter in the brain and its role is extensively studied in various disorders including
anxiety and epilepsy. The renoprotective effects of GABA has also been reported in animal
model of glycerol-induced acute kidney injury. GABA released from renal tubular epithelium
and transported with the urine might be involved in the modulation of contractility in the
urinary tract.
Keywords: Acute kidney injury, Ischemia reperfusion, Oxidative stress, gamma amino
butyric acid, angiotensin, Nitrous oxide
INTRODUCTION
Acute kidney injury (AKI) is characterized with renal cell death [1]. According to
by rapid loss of kidney function, associated Acute Kidney Injury Network guidelines,
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the AKI is defined as an abrupt reduction in
kidney function that is associated with an
increase in serum creatinine level either
more than 0.3 mg/dL or 50% in 48 hours
[2]. The AKI is among the most common
complications observed in hospitalized
patients and is more common among men
and elderly people [3]. It is recognized that
epidemiology of AKI differs in developed
countries from that in developing countries.
In  developed countries, the AKI
predominates in the elderly people whereas
in developing countries AKI is prevalent
among young people and children [4]. The
AKI is categorized according to its primary
risk factors, which may be pre-renal, intra-
renal or post-renal. The pre-renal damage
results from transient hypo-perfusion and is
a functional response of structurally intact
kidney to hypo perfusion. The various pre-
renal reasons of AKI include hypotension,
reduced effective circulating volume, renal
artery stenosis and drugs including
angiotensin converting enzyme inhibitors

and non-steroidal anti-inflammatory agents

especially  selective  cyclo-oxygenase-2
(COX-2) inhibitors. Various intrinsic
factors leading to AKI include
glomerulonephritis,  ischemic  tubular

necrosis, myeloma cast nephropathy, uric

acid and oxalate crystal deposition,

aminoglycosides, radio-contrast media,
heavy metals, thrombotic diseases and

systemic lupus erythmatous. The various

reasons for post-renal AKI include renal
papillary necrosis, kidney stones, bladder
tumor, carcinoma of cervix and prostrate
hypertrophy [5]. Ischemia reperfusion
injury (IRI) is the most common cause of
AKI. The renal IRI observes ATP
depletion,

impaired solute and ion

transport, loss of cellular polarity
cytoskeletal disruptions and mitochondrial
dysfunctioning in renal proximal tubular
cells. Ischemia causes impairment of renal
functions by inducing renal
vasoconstriction, renal tubular obstruction,
tubular leakage of glomerular filterate and
decreased glomerular permeability. The
kidney has remarkable regeneration
capacity evidenced by complete recovery
of renal function after IRI. However there
remains a controversy about the
mechanisms underlying renal recovery
from AKI. The systemic effects of AKI
involves multiple organs and lead to high
mortality. The various disorders including
congestive heart failure, acute respiratory
distress syndrome and hepatic dysfunction
are associated with AKI [6]. However,
various studies have suggested that the
proximal tubule is the most commonly
affectedbecause of the presence of
inducible type of microsomal mixed
function oxidases(cytochrome P 450)
which have been implicated in the toxic

activation of various agents. This segment
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is also rich in glutathione and glutathione
metabolizing enzymes [7].
PATHOPHYSIOLOGY OF IRI
INDUCED AKI

Complete or partial cessation of
blood flow to a particular tissue followed
by restoration is a serious process involving
abnormal signal transduction and cellular
dysfunction and initiates a cascade of
reactions contributing to apoptosis or
infiltration  of

Renal IRI is

necrosis along  with
inflammatory cells [8].
observed in clinical conditions such as
severe  hypotension and  subsequent
resuscitation, kidney transplantation and
aortovascular surgeries. The IRI induced
AKI model in rats mimic these conditions
that lead to acute renal damage. Marked
sensitivity to  hypoxia has  been
demonstrated in both proximal tubules and
the medullary thick ascending limbs. The
free radicals affect cell vitality by several
mechanisms involving interference with the
cell growth and proliferation, inflammatory
response and immune process along with
regeneration and tissue repair [9]. The
mechanism responsible for post-ischemic
apoptosis is attributed to the increasing
activity of endonuclease through elevation
of calcium entry into cells, or the release of
reactive oxygen species. The reactive
oxygen species (ROS) induces cellular

death by causing DNA damage, oxidation

of lipid membranes, direct activation of

genes, or proteins responsible for apoptosis.
The main components of oxidative stress in
renal tissues include superoxide radicals,
hydrogen peroxide and hydroxyl radicals.
Moreover, nitric oxide (NO) and
peroxynitrite radical have the capacity to
induce oxidative damage [10]. The major
sources of ROS generated during IRI
include circulatory  macrophages or
neutrophils and the resident cells. A
marked elevation in ROS is observed in IRI
especially during the reperfusion phase.
Normally, the tissues contain enough
endogenous scavengers to protect against
free radical damage. The enzyme
superoxide dismutase (SOD) causes rapid
removal of O,  whereas catalase and
glutathione peroxidase inactivates
hydrogen peroxide. However, during IRI,
the supply of these endogenous scavengers
may be depleted thus permitting cellular
injury by oxygen free radicals [11]. The
renal IRI observes marked decrease in
reduced glutathione and catalase activity
and increase in lipid peroxides measured in
terms of thiobarbituric acid reactive
substances. In normal conditions, NO is

oxidized to the nitrite anion, but during

hypoxia, this nitrite may be reduced back to

NO by nitrite reductase action of
deoxygenated haemoglobin, acidic
disproportionation, or xanthine

oxidoreductase [12]. The generation of NO
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has been attributed to enzyme NO synthase
(NOS)
endothelial NOS (eNOS) plays a key role

having three isoforms. The
in maintaining normal renal functions. The
NO can either ameliorates or exacerbates
renal injury depending on the rate and site
of its production. During ischemia, eNOS
activity is compromised as a result of its
essential dependence on oxygen. However,
during ischemic conditions, the endogenous
nitrite pool may serve as an important
alternative source of NO in the heart, liver
and kidney by providing NOS-independent
NO generation [13]. The post-ischemic
inflammatory process initiated by both
endothelial and tubular cell dysfunction
further adds to renal dysfunction. A number
of  different  proinflammatory  and
immunomodulatory cytokines such as
interleukins (IL) 1, 6 and 8, transforming
growth factor-B(TGF-B), tumor necrosis
factor-o(TNF-a), and monocyte
chemoattractant protein-1 (MCP-1), are
released into the renal tissue and the
circulation. The serum levels of IL-6 have
been shown to correlate with higher risk of
death in patients with AKI. Another
hallmark of IRI-associated inflammation
includes activation of the complement
system [14]. The complement cascade is
represented by more than 30 plasma
proteins that are mainly synthesized in the
liver. Although, the renal hypo perfusion

mainly causes functional and structural

alterations of the tubular epithelium,

various studies suggest the role of
postischemic endothelial cell dysfunction in
peritubular capillaries as an important
contributing factor of renal dysfunction
[15]. The TGF-B1 plays a key role in
pathogenesis of fibrosis and is considered
as the most important growth factor in the
pathogenesis of glomerulosclerosis. It
stimulates synthesis of an extracellular
matrix in the mesangium and between
epithelial cells. It is excreted during tissue
damage and provides chemoattraction of
inflammatory cells and thrombocytes which
are responsible for fibrosis [16]. The role of
enhanced renal sympathetic nerve activity
(RSNA) during ischemic period and the
renal venous norepinephrine overflow after
reperfusion has been explored in various
studies. It 1is observed that RSNA

significantly  increases during renal
ischemia and post-ischemic renal damage is
ameliorated by renal denervation or
ganglionic blockade that act by suppressing
the elevated renal venous norepinephrine
levels immediately after reperfusion [17].
GABA (Gamma aminobutyric acid)
GABA is the major inhibitory
neurotransmitter in the brain and its role is
extensively studied in various disorders
including anxiety and epilepsy. GABA
receptors have three subtypes, GABA4,
GABAg and GABA(, out of which first
studied.  The

two are extensively
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GABA sreceptor is coupled to ligand-gated
chloride ion channel and are widely
distributed within the mammalian brain and
peripheral organs including liver, heart,
retina, uterus, spermatozoa, adrenal
medulla, kidney, anterior and intermediate
pituitary lobes, and pancreatic a-cells [18].
GABAg receptors are G protein coupled
receptors and are widely distributed in the
brain as well as in peripheral autonomic
terminals [19-21]. The neuronal GABAA
receptor is composed of five hetero-
subunits  that form a

chloride

oligomer
pentamericstructure  with a
channel. The various binding sites for
benzodiazepines, barbiturates, convulsants
and neurosteroids have been identified on
GABA4 receptor subunits. GABA has been
found to play an important role in various
neurological disorders.

The abnormalities of GABAergic
reduction  of

function leading to

GABAmediated inhibition, activity of

glutamate  decarboxylase, binding to
GABA, and benzodiazepine sites, reduced
levels of GABA in cerebrospinal fluid and
brain tissue have been observed in animal
models and patients of epilepsy [22]. The
absence of GABA signalling results in loss
of inhibitory neuronal firing that normally
prevents the

spread of paroxysmal

discharge. The abnormal GABAergic
function may significantly affect neuronal

migration, differentiation, synaptogenesis

and circuit formation [23]. Moreover, the
downregulation of GABAergic function is
critical in autism spectrum disease (ASD)
associated with epilepsy [24]. The GABAA
aswell as GABAg receptors are reduced in
restricted regions of the cerebral cortex in
ASD patients [25].

Alzheimer disease is the most common
type of dementia and is characterized by
cognitive and behavioural deficits including
psychological symptoms such as dementia
include delusions, hallucinations,
aggression, aberrant motor behaviour, sleep
disruptions, agitation, depression, and
apathy [26, 27]. Potentiating GABAergic
inhibition potentially counteracts elevated
glutamate  excitation and  decrease
excitotoxicty in cortical circuits [28].
GABA, receptors are responsible for
synaptic  transmission of  dopamine,
serotonin, and acetylcholine. Increased
interstitial GABA leads to conversion of
glutamate to GABA by glutamic acid
decarboxylase that results in chronic
depolarization and neuronal degeneration,
that is a major etiological pathway involved
in Alzheimer disease [29, 30].

Neurogenic inflammation within the
meninges is the common cause of migraine
headaches [31]. The neurogenic
inflammation develops due to release of
vasoactive neuropeptide from perivascular
trigeminal nerve fibres and is characterized

by plasma protein extravasation, platelet
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aggregation, mast cell degranulation and
endothelial activation [31]. The targeting of
multiple subtypes and subunits of GABA in
the CNS has been found to be effective in
the treatment of migraine [32-34].
Zellweger syndrome is a fatal inherited
peroxisomal deficiency disorder that is
mediated by downregulation of GABAergic
system through diazepam binding inhibitor
and is characterized by multiple
disturbances in lipid metabolism, profound
hypotonia and neonatal seizures, and
distinct cranio-facial malformations in the
patients. It involves the deficiency of
functional peroxisomes and disruption of
peroxisomal beta-oxidation, thereby
causing accumulation of branched and
long-chain fatty acids, abnormal bile acids,
and leukotrienes leading to decrease in lipid
components of brain [35, 36].
ROLE OF GABA IN PERIPHARAL
DISORDERS
ANTIHYPERTENSIVE ROLE

The paraventricular nucleus (PVN)
of the hypothalamus is involved in the
regulation of sympathetic outflow. The
changes in GABAergic tone within the
posterior hypothalamus modulates
sympathetic outflow to the cardiovascular
system [37, 38]. The impairment of
GABAergic system of paraventricular
nucleus neurons contributes to the elevation
of sympathetic nerve activity leading to

hypertension [39 40]. GABA, as well as

GABAG receptors play a role in regulation
of the increased sympathetic nerve activity
during hypertension.

ROLE IN ENDOCRINE DISORDERS

GABA serves as a neurotransmitter
or neuromodulator in the autonomic
nervous system and as a hormone in
peripheral tissues. GABA is widely
distributed in endocrine tissues including
the pituitary, pancreas, adrenal glands,
uterus, ovaries, placenta and testis.
Moreover, GABA 1is involved in the
pathophysiology of endocrine disorders
such as diabetes mellitus and diseases of
reproductive tracts [41]. GABA is present
in pancreatic islets in similar concentration
as that of in the brain [42]. The presence of
GABA and its synthesizing and
metabolizing enzymes in pancreatic cells
suggests the role of GABA in regulating
pancreatic cell function. Its concentration
has been observed to decrease in pancreatic
tissue in experimental and human diabetes.
Other studies depict that GABAg activation
increases the release of insulin and
glucagon. It has been investigated that
GABA receptors present at alpha cells are
responsible for lowering glucagon release
[43, 44].

The GABA receptors are present in
the female and male reproductive tracts and
both GABA, as well as GABAg receptors
are present in ovary, testis, testicular

interstitial cells, seminal vesicles and the
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prostate gland [45, 46]. It regulates the
release of estradiol and progesterone from
rat ovary. Modulation of GABA receptors
by tetrahydro-progesterone and gonadal
steroid effects uterine motility through
GABA, receptors [47, 48]. The acrosomal
and sperm functions of progesterone had
been also found to be regulated by GABA.
The GABA agonists including
benzodiazepines are reported to stimulate
the production of testosterone in leydig
cells [49, 50].
ROLE IN INFLAMMATION

The immune cells are able to
synthesize GABA. The antigen presenting
cells express functional GABA receptors.
GABAergic

The increased activity

ameliorates paralysis in experimental
model of autoimmune encephalomyelitis
along with reduction in inflammation. The
GABAergic agents act directly on antigen
presenting cells decreasing mitogen
activated protein kinase signals thus
leading to reduction in inflammatory
responses to myelin proteins. Multiple
sclerosis is an inflammatory, demyelinating
neurodegenerative disease, is associated
with diminished serum levels of GABA
[51-53]. GABA is reported to be beneficial
in the healing process of cutaneous
wounds. The protective role of GABA is
attributed to its inhibition of anti-
inflammatory property and fibroblast cell

proliferation and is compared to the

epidermal growth factor treatment. The
healing effect of GABA is remarkable and
starts at the early stage of wound healing
that result in significant reduction of the
whole healing period [54].

ROLE IN OTHER DISORDERS

The membrane depolarization and
secretion in adrenal medullary cells is one
of the secondary roles of GABA. Glutamic
acid decarboxylase, a GABA synthesizing
enzyme, and vesicular GABA transporter
are expressed in rat adrenal medullary cells.
It has been indicated that increased calcium
signals in the adrenal medullary cells
evoked by nerve stimulation are reported to
get suppressed in response to GABA, and
this suppression is attributed to the shunting
effect of the GABA-induced increase in
conductance [55].

Ligand gated GABA receptors
mediating inhibitory neurotransmission are
expressed on the apical plasma membrane
of alveolar epithelial type II cells. GABA is
responsible for significant increase in
chloride efflux in the type II epithelial cells.
The Na'’K2Cl  co-transporter at the
basolateral membrane is responsible for
entry of chloride ion into the cell that
accumulates chloride ion gradient for
extrusion at the apical side in the epithelial
cells of lungs. The role of GABA in the
cystic fibrosis transmembrane conductance
regulator has been identified on the apical

membrane of alveolar epithelial cells which

I9BPAS, May, 2022, 11(5)

2444



Thakur DK And ThakurV

Review Article

plays an important role in cAMP-
stimulated alveolar fluid clearance [56-58].
ROLE OF GABA IN RENAL
DYSFUNCTION
The presence of GABA receptors
on kidney and their role in regulation of
renal function is well recognized. GABAA
receptor subunits exist in renal tubular
epithelial cells as well as proximal tubules.
Moreover, the sequences of the GABAA
receptor subunits are similar to those of
their neuronal system. GABA increases
chloride uptake in renal proximal tubular
cell and the concurrent addition of GABA
blocker picrotoxin blocks chloride uptake.
These functional studies confirm the
presence of active GABA, receptor in the
rat kidney. GABA administration in rats is
documented to inhibit progression of
tubular fibrosis and atrophy thus indicating
role of GABA receptors in renoprotection.
The GABA  activates  postsynaptic
GABA sreceptors that leads to suppression
[S9, 60].
GABA4

of ischemic depolarization

Picrotoxin, a  well-known
antagonist, binds presumably near the
mouth of the chloride channel and inhibit
neuronal GABA-activated chloride current
[61].

It has been demonstrated that
preventive effect of GABA on ischemic
AKI through the suppression of enhanced

renal sympathetic nerve activity induced by

renal ischemia is presumably mediated via

GABAp receptor stimulation in central
nervous system, rather than peripheral
GABAp receptor. The enhancement of
renal sympathetic nerve activity and its
consequent effect on norepinephrine
overflow from nerve terminals is
involved in the

development of the IRI induced AKI. In

considered to be

addition, it has been observed that ischemic
AKI is ameliorated by renal denervation or
ganglionic  blockade [62]. Moreover,
GABA is known to suppress the electrical
renal nerve stimulation-induced
norepinephrine release from isolated rat
kidney without affecting basal release thus
indicating that GABA can modulate
peripheral as well as central
neurotransmission. The  renoprotective
effects of GABA has also been reported in
animal model of glycerol-induced acute
kidney injury [63, 64]. Several other
mechanisms underlying the GABA-induced
suppressive ~ action  on  peripheral
sympathetic nervous system have been
proposed, including ganglionic blockade
and inhibition of transmitter release from
the nerve terminals [63, 65]. The GABA
has been documented to manage
hypertension associated with chronic renal
failure. The renal injury is reported to
witness decrease in the activity of
antioxidant enzymes along with elevation
of lipid peroxidation. The administration of

GABA attenuates oxidative stress through
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an increase in superoxide dismutase and
catalase, and decrease in lipid peroxidation
in renal tissues [64, 66]. Moreover, it is
suggested that GABA released from renal
tubular epithelium and transported with the
urine might be involved in the modulation
of contractility in the urinary tract [66].
CONCLUSION
The complexities created by systemic
effects of AKI contribute to the in
effectiveness of the various treatments
given to manage AKI. Therefore there is a
need to develop therapeutic strategies that
limit to the treatment of AKI alone but also
be broadened to the treatment of systemic
effects of AKI. However, various studies
have suggested that the proximal tubule is
the most commonly affected because of the
presence of inducible type of microsomal
mixed function oxidases (cytochrome P
450) which have been implicated in the
toxic activation of various agents.
REFERENCES
[1] Price PM, Hodeify R. A possible
mechanism of renal cell death after
ischemia/reperfusion. Kidney int.
2012; 81 (8): 720-1.
[2] Mehta R L, Kellum JA, Shah SV
, Molitoris BA, Ronco C, Warnock
D G, Levin A. Acute Kidney Injury
Network: report of an initiative to
improve outcomes in acute kidney

injury. Crit Care. 2007; 11(2): R31.

[3] Hsu CY, McCulloch CE, Fan D,
Ordon JD, Chertow GM, Go AS
Community-based incidence of
acute renal failure. Kidney Int
2007; 72: 208-212.

[4] Cerda J, Lameire N, Eggers P,
Pannu N, Uchino S, Wang H,
Bagga A, LevinA. Epidemiology of
acute  kidney  injury.Clin ]
AmSocNephrol 2008; 3: 881-886.

[5] Darmon M, Guichard I, Vincent F,
Schlemmer B.  Azoulay E.
Prognostic significance of acute
renal injury in acute tumorlysis
syndrome. Leuk. Lymphoma 2010;
51(2): 221-7.

[6] Coca SG, Singanmala S, Parikh CR.
Chronic kidney disease after acute
kidney injury: a systematic review
and meta-analysis. Kidney
Int. 2012; 81(5): 442-8.

[7] Kumari D, Thakur V. Gentamicin
induced nephrotoxicity: A review.
WIPRT 2016; 4 (3): 200-208.

[8] Chen J, Chen KIJ, Harris
RC.Deletion of the epidermal
growth factor receptor in renal
proximal tubule epithelial cells
delays recovery from acute kidney
injury. Kidney Int 2012; 82: 45-52.

[9] Sivarajah A, Chatterjee PK, Patel
NS, et al. Agonists of peroxisome-
proliferator  activated receptor-

gamma reduce renal

I9BPAS, May, 2022, 11(5)

2446



Thakur DK And ThakurV

ischemia/reperfusion injury. Am J

Nephrol 2003; 23: 267.

[10]

[11]

[12]

[13]

[14]

[15]

Mansano AM, Viannall PTG,
Fabris VE, Da Silva LM, Braz LG,
Castiglia YM. Prevention of renal
ischemia/reperfusion injury in rats
using acetylcysteine after
anesthesia with isoflurane. Acta
Cir Bras 2012; 27: 340-345.

Paller MS, Holdal JR, Ferris TF.
Oxygen free radicals in ischemic
acute renal failure in the rat. J Clin
Invest 1984; 74: 1156-1164.

Chatterjee PK, Zacharowski K,

Cuzzocrea S, et al. Inhibitors of

poly (ADP-ribose)
synthetasereduce ischemia-
reperfusion  injury in  the

anesthetized rat in vivo. FASEB J
2000; 14: 641.
Ramesh G, Reeves WB.
Inflammatory cytokines in acute
renal failure.
2004; 91: 56.

Zahed NS, Saghar Chehrazi S. The

Kidney IntSuppl

evaluation of the relationship

between  serum  levels  of
Interleukin-6 and Interleukin-10
and  metabolic  acidosis in
hemodialysis
Kidney Dis Transpl. 2017; 28(1):
23-29.

Patschan D, Patschan S, Muller

patients. Saudi  J

GA. Inflammation and

[16]

[17]

[18]

[19]

[20]

Review Article
microvasculopathy in renal
ischemia reperfusion injury. J

Transplant 2012; 764154.

Alan C, Kocoglu H, Intas RA,
Alici, B, Ersay ER.
effect

Protective
of decorin on acute
ischaemia-reperfusion injury in the
rat kidney.Arch Med Sci. 2011;
7(2): 211-216.

Yoshida T, Sugiura H, Mitobe
M, Tsuchiya K, Shirota
S, Nishimura S, Shiohira S, Ito
H, Nobori K, Gullans SR, Akiba
T, Nitta K. ATF3 Protects against
Renal Ischemia-Reperfusion Injury,
JASN, 2008; 19 (2): 217-224.
Palacios JM, Kuhar MJ, rapoport
SI London ED. effects of y-
aminobutyric acid agonist and
antagonist drugs on local cererr.al
glucose utilization. The Journal of
Neuroscience 1982; 2(7), 853460.
Bowery NG, david AD, Alan RH,
John LH, Shaw S, Michael J,
Trumbull J, Warrington R,
Bicuculline-insensitive gaba
receptors on peripheral autonomic
nerve terminals. European Journal
of Pharmacology. 1981; 71 (1),
53-57.
Macdonald RL,

GABA,

Olsen RW.

receptors  channels.
Annual Review of Neuroscience

1994; 17: 569-602.

I9BPAS, May, 2022, 11(5)

2447



Thakur DK And ThakurV

Review Article

[21] Kerr DI, Ong J. GABA B
receptors.  PharmacolTher. 1995;
67(2): 187-246.

[22] Olsen RW. Picrotoxin-like channel
blockers of GABA, receptors.
Proc. Natl. Acced. Sci. USA,
2006; 103: 6081-6082.

[23] Sgado P, Dunleavy M, Genovesi
S, Provenzano G, Bozzi Y. The
role of GABAergic system in
neurodevelopmental disorders: a
focus on autism and epilepsy.
1IJPPP 2011; 3: 223-235.

[24] Qing X, Inma C, Estanislao D
C, John L. Rubenstein and Stewart
A. Anderson.Origins of Cortical
Interneuron ~ SubtypesJournal — of
Neuroscience, 2004, 24 (11): 261
2-2622.

[25] Oblak L, Gibbs TT, Blatt GIJ.
Decreased GABA-B receptors in
the cingulated cortex and fusiform
gyrus in Autism.J Neurochem.,
2010; 114: 1414-1423.

[26] Devanand DP, Mikhno A, Pelton
GH. Pittsburgh Compound B
(11C-PIB) and
Fluorodeoxyglucose (18 F-FDG)
PET in Patients With Alzheimer
Disease, Mild Cognitive
Impairment, and Healthy
Controls. J Geriatr Psych Neur
2010; 23: 185-198.

[27]

[28]

[29]

[30]

[31]

Cummings BJ, Pike CJ, Shankle R
, Cotman CW. Beta-amyloid
deposition and other measures of
neuropathology predict cognitive
status in Alzheimer's
disease. Neurobiol Aging 1996;
17: 921-933.

Gu Z, Zhong P, Yan Z. Activation
of muscarinic receptors inhibits
beta-amyloid peptide-induced
signaling in cortical slices. J
BiolChem  2003; 278: 17546-
17556.

Butterfield DA, Boyd-Kimball D,
Castegna A. Proteomics in
Alzheimer’s disease: Insights into
mechanisms of
neurodegeneration. Journal of
Neurochemistry. 2003; 86: 1313-
1327.

Lanctot KL, Herrmann N,
Mazzotta P, Khan LR, Ingber N.
GABAergic function in
alzheimer’s disease: evidence for
dysfunction and potential as a
therapeutic target for the treatment
of behavioural and psychological
symptoms of dementia. Can J
Psychiat., 2004; 49: 439-453.
Moskowitz  MA.  Neurogenic
versus vascular mechanisms of
sumatriptan and ergot alkaloids in
migraine.Trends Pharmacol 1992;

13:307-311.

I9BPAS, May, 2022, 11(5)

2448



Thakur DK And ThakurV

[32]

[33]

[34]

[35]

[36]

Moskowitz MA, Brody M, Liu-
Chen LY. In vitro release of
immunoreactive substance P from
putative afferent nerve endings in
bovine pia arachnoid.
Neuroscience 1983; 9: 809-814.

Szabat E, Soinila S, Happdla 0,
Linnala A, Virtanen 1. A new
monoclonal antibody against the
GABA-protein conjugate shows
immunoreactivity  in  sensory
neurons of the rat. Neuroscience

1992; 47; 409- 420.

Katsumaru H, Kosaka T,
Heizmann CW, Hama K.
Immunocytochemical study of
GABAergic neurons containing
the calciumbinding protein
parvalbumin in the rat

hippocampus.
1988; 721347-362.

Lee WS, Limmroth V, Ayata C,
Cutrer FM, Waeber C, Yu X,
MA.
GABA receptor-mediated effects

Exp Brain Res.,

Moskowitz Peripheral
of sodium valproate on dural
plasma protein extravasation to
substance P and trigeminal
J Pharmacol.,
1995; 116: 1661-1667.

Breitling R.

stimulation. Br

Pathogenesis  of
peroxisomal deficiency disorders
(Zellweger syndrome) may be

mediated by misregulation of the

[37]

[38]

[39]

[40]

[41]

Review Article
GABAergic system via the
diazepam  binding  inhibitor.

BioMed Central Pediatrics 2004;
4: 1-9.

Margerison JH, Corsellis JAN.
Epilepsy and the temporal lobes: a
clinical, electroencephalographic
and neuropathological study of the
brain in epilepsy, with particular
reference to temporal lobes. Brain
1966; 89: 499-530.

Mody I, Pearce RA. Diversity of
inhibitory neurotransmission
through GABA receptors. Trends
Neurosci 2004; 27: 569-575.
Zhang D, Pan ZH, Awobuluyi M,
Lipton SA. Structure and function
of GABA( receptors: a
comparison of native versus
recombinant
Pharmacol. Sci., 2004; 22: 121-
132.

Wang Z, Leng Y, Tsai LK, Leeds
P, Chuang DM. Valproic acid

blood-brain

receptors. Trends

attenuates barrier

disruption in a rat model of
transient focal cerebral ischemia:
the roles of HDAC and MMP-9
inhibition. J Cereb Blood Flow
Metab 2011; 31: 52-57.

Gladkevich A, Korf J, Hakobyan
VP, Melkonyan KV.  The

peripheral GABAergic system as a

I9BPAS, May, 2022, 11(5)

2449



Thakur DK And ThakurV

Review Article

[42]

[43]

[44]

[45]

target in endocrine disorders.
Auton Neurosci 2006; 124: 1-8

Reetz A, Solimena M, Matteoli M,
Folli F, Takei K, Camilli PD.
GABA and pancreatic B-cells: co-
localization of glutamic acid
decarboxylase (GAD) and GABA
with synaptic-like microvesicles
their role in GABA
storage and secretion. EMBOJ,

1991; 10: 1275-1284.

suggests

Rudolph U, Mohler H. GABA-
based therapeutic approaches:
GABA4 receptor subtype

functions. Curr. Opin. Pharmacol.,
2006; 6: 18-23.

Kim HJ, Rowe M, Ren M, Hong
JS, Chen PS, Chuang DM. Histone
deacetylase inhibitors exhibit anti-
inflammatory and neuroprotective
effects in a rat permanent ischemic
stroke:

model  of multiple

mechanisms ~ of  action. J
Pharmacol. Exp. Ther., 2007; 321:
892-901

Kobuchi S, Tanaka R, Shintani T,
Suzuki R, Tsutsui H, Ohkita M,

Ayajiki K, Matsumura Y (2011)

Mechanisms  underlying  the
renoprotective  effect of -
aminobutyric acid against the

ischemia/reperfusion induced renal
injury in rats. J. Pharmacol. Exp.

Ther., 2011; 338: 767-774

[46]

[47]

[48]

[49]

[50]

[51]

Ritta MN, Campos MB, Calandra
RS. Co-existence of gamma
aminobutyric acid type-A and
Type-B receptors in testicullar

interstitial cells. J Neurochem
1991; 56: 1236-1240.

Majewska MD, Vaupel DB.
Steroid control of uterine motility
via gamma-aminobutyric acid-A
receptors in the rabbit: a novel
mechanism. J. Endocrinol 1991;
131: 427-434.

Moskowitz M. Neurogenic versus
vascular mechanisms of
sumatriptan and ergot alkaloids in
migraine.Trends Pharmacol.,
1992; 13: 307-311.

Ritta MN, Calamera JC, Bas DE.
Occurrence of GABA and GABA
receptors in human spermatozoa.
Mol Human Reprod., 1998; 4:
769-773.

Ritta MN, Campos MB, Calandra
RS. Co-existence of gamma
aminobutyric acid type-A and
Type-B receptors in testicullar
J Neurochem.,
1991; 56: 1236-1240.

Bhat R, Steinman L.

interstitial cells.

Innate and

adaptive autoimmunity directed to

I9BPAS, May, 2022, 11(5)

the central nervous
system. Neuron 2009; 64: 123-
132.

2450



Thakur DK And ThakurV

Review Article

[52]

[53]

[54]

[55]

[56]

[57]

Demakova EV, Korobov VP, Lem
kina LM (2003). Determination of
acid

gamma aminobutyric

concentration and activity of
glutamate decarboxylase in blood
serum of patients with multiple
sclerosis. Klin Lab Diagn; 2003:
15-17.

Huang TH, Peng G, Kota BP, et
al.  Anti-diabetic  action  of
Punicagranatum flower extract:
activation of PPAR-gamma and
identification of an  active
component. Toxicol.

Pharmacol 2005; 207: 160.

Appl.

Han D, Kim HY, Lee HJ, Shim I,
Hahm DH. Wound healing activity
of gamma-amino butyric acid
(GABA) in rats. J
MicrobiolBiotechn  2007; 17:
1661-1669.

Matsuoka H, Harada K, Endo Y,

Warashina A, Doi Y, Nakamura J,
Inoue M . Molecular mechanisms
supporting a paracrine role of
GABA in rat adrenal medullary
cells.J Physiol 2008; 586: 4825-
4842.

Erdo SL, Dob E, Pfirducz A,
Wolff JR. Releasable GABA in
tubular epithelium of rat kidney.
Experientia 1991; 47: 227-229
Brochiero A, Dagenais A, Prive Y,

Berthiaume,  Grygorczyk  R.

[58]

[59]

[60]

[61]

Evidence of a functional CFTR
Cl channel in adult alveolar
epithelial cells. Am J Physiol
2004; 287: 382-392.

Jin N, Kolliputi N, Gou D, Weng
T, Liu L. A novel function of
ionotropic  y-aminobutyric acid
receptors involving alveolar fluid
homeostasis. J. Biol. Chem., 2006;
281: 36012-36020.

Sarang SS, Lukyanova SM, Brown
DD, Cummings BS, Gullans SR,
Schnellmann RG. Identification,
coassembly and activity of 1v-
acid

aminobutyric receptor

subunits in  renal  proximal
tubularcells. J Pharmacol. Exp.
Ther., 2008; 324: 376-382.

Qi ZH, Song MJ, Wang D,
Newton PM, Mohan MT, Chou
WH, Zhang C, Shokat KM.
Protein kinase C regulates y-
aminobutyrate type A receptor
sensitivity  to  ethanol  and
benzodiazepine through
phosphorylation of y2 subunits. J
BiolChem 2007; 282: 33052-
33053.

Dillon GH, Im WB, Carter DB,
McKinley DD. Enhancement by
GABA of the association rate of
picrotoxin and tert-
butylbicyclophosphorothionate to

the rat cloned xIfl2y2 GABAa

I9BPAS, May, 2022, 11(5)

2451



Thakur DK And ThakurV Review Article

receptor subtype. Br J Phamacol
1995; 115: 539-545.

[62] Chung BH. Protective effect of
peroxisome proliferator activated
receptor gamma agonists on
diabetic and nondiabetic renal
diseases. Nephrology 2005; 10:
40.

[63] Kim HY, Yokozawa T, Nakagawa
T, Sasaki S. Protective effect of
gamma-aminobutyric acid against
glycerol-induced  acute  renal
failure in rats. Food Chem.
Toxicol., 2004; 42: 2009-2014.

[64] Hayakawa K, Kimura M, Kamata
K. Mechanisms underlying
gamma-aminobutyric acid-induced
antihypertensive effect in
spontaneously hypertensive rats.
Eur J Pharmacol., 2002; 438: 107-
113.

[65] Sasaki S, Yokozawa T, Cho EJ,
Oowada S, Kim M. Protective role
of gamma aminobutyric acid
against chronic renal failure in
rats. J Pharm Pharmacol 2006; 58:
1515-1525.

[66] Erdo SL, Dob E, Pfirducz A,
Wolff JR. Releasable GABA in
tubular epithelium of rat kidney.
Experientia 1991; 47: 227-229.

2452
I9BPAS, May, 2022, 11(5)



