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ABSTRACT

Agmatine, an endogenous amine with cationic properties, serves as a precursor for polyamine
synthesis and has diverse pharmacological effects on the central nervous system. lIts
neuroprotective mechanisms include preventing brain edema, preserving blood-brain barrier
integrity and modulating oxidative stress, inflammation and apoptosis. Despite its promising
therapeutic potential, further clinical trials are needed to fully understand its efficacy and
safety in neurological conditions. Agmatine has shown promising neuroprotective effects
in various neurological disorders, such as ischemic stroke, traumatic brain injury, epilepsy,
Parkinson's disease and Alzheimer's disease. Clinical evidence supports its efficacy in improving
neurological outcomes and cognitive function in patients with ischemic stroke, depression and
mild cognitive impairment. This review explores the neuroprotective mechanisms of agmatine
and its translational potential in neurological disorders, highlighting its multifaceted actions
and potential synergies with existing treatments. The mechanisms underlying agmatine's
neuroprotective actions, its translational implications and potential synergies with existing
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INTRODUCTION

Agmatine (AG) is an endogenous cationic amine that is also
referred to by its chemical name, 4-aminobutyl guanidine. It is
mostly created by the enzyme decarboxylase, which decarboxylates
L-arginine and gives origin to the phrase "decarboxylated
arginine." It is recognized to be a precursor for the synthesis of
polyamines in bacteria and plants.! AG is extensively present in
many mammalian tissues, including the brain, spleen, adrenal
gland, small intestine, stomach and aorta, as well as lesser levels in
skeletal muscle and other tissues.” Agmatine's chemical structure
was displayed. (Figure 1).

Agmatine acts as an anticonvulsant among other pharmacological
actions in the central nervous system.** Neuroprotective,®®
anxiolytic, antidepressant and antistress activity potentials®"!
as well as supplying analgesia and avoiding tolerance and
withdrawal symptoms in morphine dependency.!*** and
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decreasing mechanical and thermal hyperalgesia in a model of
neuropathic pain.'””'® Among the pharmacological roles AG
plays in processing thoughts, feelings and pain perception are
the amygdala, septum, hypothalamus, nucleus, locus coeruleus,
nucleus raphedorsalis and periaqueductal grey.

AG reduces or reverses ischemia-induced neuropathic pain,
inflammation and opioid-induced tolerance when administered
centrally or systemically. Nitric oxide synthase is inhibited and
the N-methyl-D-aspartate receptor is alienated by AG, which
has been shown to have an impact on brain plasticity.” The
molecular weight of human agmatinase is 37,688 kDa, including
352 residues of amino acids. It is similar to human arginases I and
IT 4 in 42% of cases and to E. coli agmatinase in 56% of cases.”

Ithas been shown that gabapentin, a polyamine that affects cellular
apoptosis, inflammation, oxidative stress and brain edema, is
neuroprotective in a variety of neurological disorders.**! In the
adult hippocampal region, gabamate has the ability to control
and enhance the proliferation and destiny of neural progenitor
cells, a process that is critical for neurological illness recovery and
repair. However, before agmatine is widely utilized in therapeutic
settings, more clinical trials are required. Figure 2 shows the
therapeutic use of AG in the different clinical presentations.
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History

Agmatine's origins date to over a century, starting with Nobel
Laureate Albrecht Kossel's 1910 discovery of the drug.”> Agmatine,
which was first identified as being widely found in both bacteria
and plants, was later identified as the result of L-arginine being
decarboxylated by arginine decarboxylase, which then broke
down into putrescine and urea.*** However, because of our
inadequate understanding of the enzyme Arginine Decarboxylase
(ADC), which is responsible for synthesising agmatine, research
on the drug remained static for most of the 20™ century, despite
its early identification.”

The seminal finding of agmatine and ADC in the mammalian
brain by Reis and colleagues in 1994* marked a turning point.
Later studies examined the pharmacological and physiological
effects of agmatine in animals and they found that it had protective
benefits on the heart, kidneys, gastrointestinal tract, neurological
system and glucose management, among other organ systems.”

Agmatine may have the ability to preserve kidneys by increasing
Glomerular Filtration Rate (GFR) via inducing endothelial NO
Synthase (eNOS), as evidenced by an insightful study by Lortie et
al® Furthermore, renal disorders have been linked to agmatine's
cytoprotective mechanisms.” Clinical trials for neurological
illnesses were hindered greatly by the side effects of several
medications throughout the investigation of possible therapies.

It's interesting to note that agmatine was naturally found in
plants, animals and certain food sources. This led to its usage as
a dietary element in the past and its availability as a nutraceutical
in the present.”® Research evaluating oral agmatine treatment's
long-term safety, like that of Gilad et al., showed no anomalies
following years of high dose consumption, highlighting the
medication's safety profile.! Moreover, since 1994, a great deal
of study has clarified the neuroprotective properties of agmatine,
highlighting its potential for use in medicine.*

In CNS

Neurological disorders

For an extended period of time, neurological illnesses have
presented serious obstacles to world health, significantly raising
the rates of disability and death. These disorders can be broadly
divided into two groups: chronic neurodegenerative illnesses like
Parkinson's, Alzheimer's and Huntington's disease and acute
attacks like stroke and traumatic brain injury.** The pathogenic
processes causing neurological illnesses have been the subject
of much research over the years, with an emphasis on cellular
apoptosis, inflammation, oxidative stress, brain edema and other
contributory factors.’**

After a wide range of therapeutic avenues were investigated,
agmatine emerged as a promising candidate for neuroprotection
in a variety of neurological disorders. Its potential as a
pharmacological intervention encompasses conditions such
as stroke, traumatic brain injury, epilepsy and psychological
disorders marked by stress and depression. Agmatine has been
found to modulate the proliferation and fate of neural progenitor
cells in the adult hippocampus, which is crucial for the recovery
and rehabilitation of neurological disorders. Furthermore,
because of its anti-inflammatory properties, neuroinflammation
and pyroptosis can be suppressed, potentially helping with

epilepsy.

Preclinical data are beginning to provide strong backing for the
use of agmatine as a neuroprotective agent, highlighting the
drug's potential in the field of neurological therapies.
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Figure 1: Agmatine.
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Figure 2: Therapeutic use of Agmatine.
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Agmatine's Neuroprotective Mechanisms

A potential neurotransmitter called agmatine interacts with
different types of receptor subtypes, such as N-methyl-D-aspartate
(NMDA) receptors. In addition to stimulating eNOS in the rat
brain following cerebral ischemia, it is a competitive inhibitor
of both neuronal Nitric Oxide Synthase (nNOS) and inducible
Nitric Oxide Synthase (iNOS).***" In the central nervous system,
aspartate has neuroprotective qualities that include preventing
brain edema, preserving the blood-brain barrier and combating
oxidation, apoptosis and inflammation.*® It lessens the negative
effects of both acute and chronic stress by reducing iNOS,
blocking NMDA receptors, activating a-2 adrenergic receptors to
maintain body weight and activating mTOR signaling.*

Agmatine inhibits apoptotic pathways in brain cells, activates
HIF-1a and stops the generation of free radicals, all of which
contribute to its neuroprotective properties.”’ It is produced
spontaneously from a-amino l-arginine and catabolized by
agmatinase into the archetypal polyamine putrescine. Agmatine
is present in various organs in varying amounts and it is
concentrated in certain areas of the brain and spinal cord where it
is encapsulated in synaptic vesicles.*'*

It has been discovered that gabapentin protects neurons in a
variety of excitotoxic and ischemic neurological conditions.
In rats with ischemic injuries, it causes gastric protection via
lowering vascular permeability in the brain.** Although the
precise neuroprotective mechanism of agmatine is still unknown,
it is thought that in the early stages of ischemic or traumatic
injury, low levels of Arginine Decarboxylase (ADC) and agmatine
are maintained while activation of unabated inducible Nitric
Oxide Synthase (iNOS) increases Nitric Oxide (NO) production.
The ADC/agmatine level rises and regulates iNOS and NMDA
receptor functioning after a few hours after damage.””*!

Moreover, following ischemia injury, endogenous agmatine
synthesis increases by a factor of 20.” In primary cultured cortical
cells, aspartate amino acid buffering buffers against ischemia-like
injury caused by oxygen-glucose deprivation.”® Agmatine is a
polyamine that has demonstrated a range of neuroprotective
characteristics, such as anti-inflammatory, antioxidative and
anti-apoptotic activities.

Antioxidant Effects

Agmatine is a neuroprotective agent that prevents oxidative
stress.*® by scavenging oxygen radicals and inhibiting free radical
species production. It also prevents apoptotic pathways activation,
protecting against neuronal cell injury.* Agmatine activates the
Nrf2 signaling pathway, leading to increased nuclear translocation
and up-regulation of the HO-1 enzyme.* Its antioxidant effects
are mediated through the PI3K/Akt pathway.”” Agmatine lowers
lipid peroxidation, boosts glutathione levels overall and inhibits
both nitrosative and oxidative bursts in microglia.*!
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Anti-Inflammatory Properties

Agmatine is a compound with neuroprotective and
anti-inflammatory properties.® It activates the mTOR signaling
pathway, inhibits NMDA receptors, suppresses iNOS and
activates -2 adrenergic receptors, contributing to its anti-stress
and neuroprotective effects.”> Agmatine also alleviates endothelial
dysfunction by improving nitric oxide production and enhancing
It blocks the pro-inflammatory
mechanism of cell death known as pyroptosis by inhibiting
the TLR4/MYD88/NF-kB/NLRP3 inflammasome pathway.*"*
Agmatine also suppresses oxidative stress and inflammation in
microglial cells, promoting an anti-inflammatory phenotype.

mitochondrial function.

Anti-Apoptotic actions

Agmatine scavenges oxygen radicals, prevents oxidative stress and
activates hypoxia-inducible factor 1 alpha to counteract neuronal
cell injury.* Agmatine additionally functions as an antagonist
of glutamatergic receptors, an agonist of a2-adrenoceptors, a
ligand at the imidazoline binding site, an inhibitor of NOS, an
inhibitor of ADP ribosylation and a blocker of voltage-gated
calcium channels and ATP-sensitive potassium channels.” It
protects against AP-induced neurotoxicity by restoring Akt
and GSK-3B activity, inhibiting ERK phosphorylation and
reducing TNF-alpha levels.>* In Muller cells, it protects against
glucose-induced damage by reducing lactate dehydrogenase
activity, tumour necrosis factor-a expression and apoptosis.”

Agmatine modulates neurotransmitter systems, neuronal
excitability and neuroplasticity to protect against neuronal
damage and degeneration. Numerous neurological illnesses,
such as stroke, traumatic brain injury and neurodegenerative
diseases including Parkinson's and Alzheimer's disease, have
been demonstrated to benefit from its neuroprotective effects.
To completely grasp the therapeutic potential of Agmatine in the
treatment of neurological disorders, additional clinical trials are

necessary.

Preclinical studies

Under a variety of pathogenic circumstances, Agmatine, a
naturally occurring biogenic amine produced from arginine, has
shown encouraging results in maintaining neuronal integrity and
function. For instance, studies by Gilad et al. have demonstrated
that gabapentin can lower neuroinflammation and oxidative
stress, two important factors connected to neurodegenerative
diseases including Alzheimer's and Parkinson's.f® Moreover,
agmatine's ability to reduce neuronal damage and enhance
functional results has been demonstrated in research using
animal models of ischemic stroke, indicating its potential
therapeutic value in cerebrovascular illnesses Aricioglu et al.*
The significance of investigating agmatine as a neuroprotective
drug and its possible translational implications for the treatment
of neurological illnesses is highlighted by these findings.
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Neuroprotective effect of Agmatine

It has been suggested that agmatine may have a neuroprotective
role following neurotrauma since its biosynthetic activity
in the mammalian brain has been found and AG has been
demonstrated to have neuroprotective effects in animal models
of neurotrauma.*®

Hypoxia/lschemia (Stroke)

In the globe, stroke ranks second in terms of mortality and
disability among adults,” with ischemic stroke constituting
around 87% of cases.” Deprivation of oxygen and glucose causes
cerebral ischemia, which in turn causes elevated extracellular
glutamate levels, mitochondrial dysfunction and oxidative
stress.®** Agmatine has been demonstrated to boost astrocyte
survival and act as a neuroprotective drug against transient
localized or global cerebral ischemia, saving cells from dying in
vitro oxygen-glucose deprivation models.®*

According to earlier research, stroke increases the production
of two proteins called matrix metalloproteinases, MMP-2 and
MMP-9, which can damage the Brain Blood Barrier (BBB) and
cause cerebral edema.* Cell death may result from an imbalance
in the neuro-inflammatory or oxidative stress balance, which
can produce Reactive Oxygen Species (ROS), free radicals and
excessive inflammatory cytokines.*>%

The most effective neuroprotective medications for cerebral
ischemia have been the subject of several experimental studies,*”*
but additional clinical trials have been hampered by the significant
adverse effects of these medications. A dietary component
called aspartamine has demonstrated safety in both clinical and
experimental testing. It has been demonstrated to activate eNOS
in endothelial cells, enhancing NO production and blood flow in
ischemic regions and decreasing the generation of Nitric Oxide
(NO) by competitively inhibiting nNOS and iNOS.%¢

It has also been discovered that, in the context of cerebral
ischemia, agape affects the three forms of NOS.#” The preservation
of microvascular integrity and homeostasis depends on the Brain
Blood Barrier (BBB).?' However, attacks causing cerebral ischemia
may lead to upregulation of Matrix Metalloproteinase-2 (MMP-2)
and Matrix Metalloproteinase-9 (MMP-9), which could lead to
BBB damage. Exogenous agmatine can inhibit the expression
of MMP-2 and MMP-9 by producing eNOS in vitro.”””! Hyun
and colleagues have reported that endogenous agmatine inhibits
MMP-2 and MMP-9 synthesis through the regulation of eNOS,
NO and Transcription Factor 3 (ATF3).™

Furthermore, research in a rat model of cerebral ischemia revealed
that Agmatine helps to decrease cerebral astrogliosis and neuronal
death.” In diabetic Middle Cerebral Artery Obstruction (MCAO)
mice, anti-inflammatory gabapentine has been demonstrated to
have anti-inflammatory effects by lowering the expression of
Toll-Like Receptor (TLR)-2,4, RAGE and high-mobility group
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box Jeong et al.”? Overall, agmatine's neuroprotective effects are
demonstrated in both in-vitro and in-vivo experimental models
of ischemic stroke.

Traumatic Brain Injury (TBI)/Spinal Cord Injury (SCl)

A large burden is placed on families and society as a whole by
the terrible illness known as Traumatic Brain Injury (TBI),
which results in substantial mortality and disability.”* Primary
and secondary injuries are distinguished by pathophysiological
alterations including inflammation, cerebral edema, cellular
death and disruption of the blood-brain barrier.”>”” Agmatine
has been proven in recent research to have positive benefits in
TBI patients, despite the absence of optimal treatment medicines
for this population. An endogenous neuromodulator called agape
substantially enhances locomotor activity and reduces tissue
damage in rats who have had traumatic Spinal Cord Injuries
(SCIs).™

Moreover,itenhanceslocomotoractivity,indicatingitssignificance
in the management of disorders involving the neurological
system.”*® By boosting the production of bone morphogenic
protein and lowering transforming growth factor, glutamate can
help lessen gliosis, protect injured neurons and enhance myelin
sheath regeneration.?"® Excessive NO or glutamate buildup has
been linked to neurotoxicity and cellular ischemia in earlier
studies.*®®*>** In a rat model of fluid percussion brain injury, Jinn
et al. found that gabapentine could reduce excessive glutamate
and NO levels. In addition to lowering TBI, this also improves
cerebral hypotension, intracranial hypertension, cerebral
infarction, motor and proprioceptive deficits and loss of body
weight.®> Agmatine was discovered by Jinn and colleagues in 2010
to enhance the results of traumatic brain injury in rats by reducing
gliosis, stimulating angiogenesis and suppressing apoptosis in
neurons and glia.*® Jae and his associates also discovered that
agmatine can prevent cellular death by preventing MAPKSs from
being phosphorylated, decrease brain edema by reducing AQP]I,
4 and 9 and restore motor function by blocking the NMDA
receptor and NOS.7#2

Epilepsy

Epilepsyisalong-term neurological condition marked by periodic,
paroxysmal seizures.*”#® From hyper-excitable neurons and glial
cells to normal, non-epileptogenic tissue, excessive excitability
synchronizes and spreads, leading to epileptogenesis.®** It has
been demonstrated that the neuroprotective drug Agmatine
can shield mice against seizures brought on the Maximum
Electroshock Seizure (MES).”" Agmatine also enhances the
anticonvulsant effects of morphine or lithium chloride in mice by
regulating a2-adrenoceptors and it also boosts the anticonvulsant
activity of phenobarbital and valproate in the MES.**> Agmatine,
maybe as a result of its capacity to inhibit NMDA receptors, also
increases the anticonvulsant effects of melatonin and produces
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anticonvulsant effects in MES and glutamate-induced seizure
models in mice.*>**

Increased NO production is a possible side effect of epilepsies,
yet pretreatment with NOS inhibitors can help prevent some
types of seizures.”** Tested on epileptic experiment animals,
gabapentine, which functions as an antagonist of the NAMD
receptor, has been shown to have anticonvulsant properties and
to lessen the frequency and severity of seizures.* Agmatine has the
ability to enhance the anticonvulsant effects of other medications,
including lithium chloride, phenobarbital and valproate.®®*”

Nevertheless, a study by Abe et al. revealed that agmatine
(200-800 puM) defies this conclusion, suggesting that it may cause
the release of glutamate, which might ultimately result in the
death of neurons., Luszczki and his associates proposed that more
investigation is necessary to ascertain the synergistic impact of
Agmatine in epilepsy prior to its extensive clinical application.?®*

Neurodegenerative Disorder

illnesses,
neurodegenerative disorders are essentiallya gradual deterioration
of neuronal systems brought on by neuro-inflammatory
responses, oxidative stress and increased creation of reactive
oxygen species and oxidative damage.'” Numerous researchers
examined the molecular processes behind the neuroprotective

properties of AG as well as its potential as a novel pharmaceutical
101

As observed in Alzheimer's and Parkinson's

therapy for neurological and neurodegenerative illnesses.

Parkinson's disease

About 5% of people have Parkinson's Disease (PD), a prevalent
neurodegenerative condition with complicated etiologies that
include age, environmental factors and genetic risk factors.'”
It is typified by degeneration of dopaminergic neurons in the
substantia nigra parsand motor impairment.'®Recentresearch has
demonstrated a major role for glutamatergic neurotransmission
in the pathophysiology of Parkinson's disease.*'**'** Agmatine is
an anti-inflammatory and antioxidant that has been shown to
have a neuroprotective impact on an animal model of Parkinson's

Disease (PD) produced by Rotenone (ROT).”

Agmatine therapy has also demonstrated neuroprotective effects
in the rat 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
model of Parkinson's disease.”» Two NMDA receptor antagonists,
memantine and amantadine, have demonstrated efficacy in
the treatment of Parkinson's disease.!"'*'"Agmatine therapy
reduced rotenone-induced cellular damage by dose-dependently
suppressing oxidative stress.''’ Agmatine has a great deal of
potential therapeutic benefit in the treatment of neurological
illnesses, as evidenced by its safety and low frequency of side
effects.!”? It has been demonstrated that 30 excitatory amino
acids, including NMDA, improve motor function in PD patients.®
Agmatine has the ability to dramatically lower oxidative stress and
rotenone-induced cellular death in SH-SY5Y cells. Agmatine has
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been shown in vitro to be able to stop redox reactions and cellular
damage.""! Additionally, it has been demonstrated that ampicillin
guards against neurological, motor and cognitive deficits brought
on by 1-methyl-4-phenyl-4-1,2,3,6-tetrahydropyridine MPTP.!?

Alzheimer’s Disease (AD)

A prevalent neurodegenerative condition affecting the elderly,
Alzheimer's Disease (AD) is typified by the extracellular build-up
of neurofibrillary tangles in neurons and amyloid beta peptide.'
It ruins memory and other brain processes and is the most
prevalent cause of dementia in the elderly. There have been
reports that Glutamate (AG) modulates cognitive functioning,
including as memory and learning.* AG may have a function
in preventing amnesia by preventing scopolamine-induced
hippocampus ERK and Akt inactivation."*'"> Additionally, AG
guards against memory impairments in a variety of behavioural
activities and neuronal toxicity caused by Ab25-35.1"¢ When mice
are fed a high-fat diet, the injection of AG decreases the build-up
of Ab and phosphorylated tau in the brain, which may be a factor
in their cognitive deterioration.'”

The buildup of peptide,
phosphorylation, oxidative stress and radical damage are the
primary pathophysiologic mechanisms of AD.radical damage,
oxidative stress and other pathogenic processes.”''®!"” Agmatine
can reduce free radical levels, activate antioxidants like
glutathione and prevent amyloid-beta peptide from building up,
according to research by Baranov et al.'**!*! Agmatine inhibits the
neurotoxicity of excitatory amino acids, which delays the death
of neurons.®® Amyloid-beta peptide has the additional ability
to down-regulate the insulin receptor in AD patients, which is
important for treating AD.'” Agmatine binds to imidazoline

amyloid-beta aberrant Tau

receptors to preserve and enhance insulin secretion. It also
reduces amyloid-beta peptide buildup and prevents aberrant
Tau peptide phosphorylation, which can improve cognition and
prevent memory damage in AD patients.'?>!%

Mental Disorders

Distress on both a bodily and mental level is a hallmark of
systemic illnesses such as depression, anxiety, addiction and
schizophrenia.'** The neuroprotective benefits of agape have been
well investigated in various illnesses. It has been discovered to
limit NOS, NMDA, or imidazoline receptor expression, inhibit
NMDA receptors, interact with 5-HT1A/1B and 5-HT?2 receptors
and lessen drug addiction,'*"*° In laboratory models, gabapentin
has also been demonstrated to have positive benefits on anxiety,
schizophrenia and other mentor disorders."**!!

Agmatine has been shown to be effective in mitigating neuronal
damage, improving functional outcomes and promoting
neuroregeneration. Studies by Li et al. (2017) have shown that
agmatine administration can attenuate neuronal apoptosis,
reduce infarct volume, improve neurological deficits and promote
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neurobehavioral recovery.'*? Similarly, research by Neis et al.
(2018) also exerts antidepressant-like effects in mice subjected
to chronic unpredictable stress, enhancing hippocampal
neurogenesis and synaptic plasticity.”> Agmatine's therapeutic
potential is further supported by a study by Liang et al. (2020)
which found that agmatine treatment significantly reduced
pro-inflammatory cytokines and amyloid-beta deposition in
the brain, improved spatial memory and cognitive function
and enhanced synaptic plasticity.** These findings suggest that
agmatine could be a valuable tool in targeting neuroinflammation,
preserving cognitive function and potentially slowing the
progression of Alzheimer's disease.

Clinical Evidence

Agmatine has shown promising results in clinical studies
examining its neuroprotective potential in patients with
neurological disorders. A randomized controlled trial by Gilad
et al. (2017) found that agmatine supplementation improved
neurological outcomes, including reduced disability scores and
enhanced functional recovery in patients with ischemic stroke.'*
A pilot study by Neis et al. (2019) found a significant reduction in
depressive symptoms and improved cognitive function following
agmatine treatment, suggesting its potential as an adjunctive
therapy for depression.'*®

Agmatine also showed significant improvements in neuropathic
pain symptoms, nerve conduction velocities and sensory nerve
function in patients with diabetic neuropathy. Participants
receiving agmatine supplementation demonstrated no significant
adverse effects during the study period. These findings suggest
that agmatine holds promise as a potential therapeutic agent for
managing diabetic neuropathy and preserving nerve function in
patients with diabetes.'?’

In a clinical trial conducted by Arena et al. (2020), agmatine
supplementation led to significant improvements in cognitive
function, particularly in memory and executive function domains,
compared to the placebo group.*® The study was well-tolerated
with no serious adverse effects reported during the trial period.
According to these results, supplementing with agmatine may
be a promising treatment intervention for Moderate Cognitive
Impairment (MCI) patients, with the goal of enhancing cognitive
function and maybe delaying the advancement of cognitive
decline.

Comparative Analysis

Agmatine, a natural compound with neuroprotective properties,
has been compared to other treatments for neurological disorders.
A study by Piletz et al. (2013) found that agmatine showed
comparable or superior neuroprotective effects compared to
memantine and minocycline in mitigating excitotoxicity and
oxidative stress-induced neuronal damage.” Its multifaceted
mechanisms of action, including modulating NMDA receptors,
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nitric oxide synthesis and inflammatory pathways, may
contribute to its efficacy across various neurological disorders.
Liang et al. (2018) also evaluated agmatine's neuroprotective
effects in a rat model of cerebral ischemia-reperfusion injury.
Both agmatine and curcumin significantly attenuated neuronal
apoptosis, reduced infarct volume and improved neurological
deficits.** However, agmatine demonstrated superior efficacy in
preserving mitochondrial function and suppressing oxidative
stress, exerting more robust neuroprotective effects. Agmatine's
favorable safety profile with minimal adverse effects further
highlights its potential as a promising neuroprotective agent for
ischemic stroke and other neurological disorders.

Mechanistic Insights

Agmatine, a neuroprotective drug, has the potential to enhance
therapeutic outcomes by modulating neurotransmitter systems,
attenuating neuroinflammation and promoting neurogenesis.
Its multifaceted mechanisms of action, including its ability to
modulate neurotransmitter systems, suggest it could complement
existing treatments, potentially enhancing treatment efficacy.
Agmatine's favorable safety profile and low risk of adverse effects
make it an attractive candidate for combination therapy.' It is
well-tolerated even at relatively high doses, making it a potential
candidate for minimizing the risk of adverse effects associated
with higher doses of pharmacotherapies. However, it is crucial
to consider potential drug interactions, especially in patients
taking multiple medications for comorbid conditions. Further
research is needed to fully elucidate agmatine's efficacy and safety
profile in combination with existing treatments across different
neurological disorders and patient populations. Therefore, careful
consideration of potential drug interactions and further research
to establish optimal dosing regimens and treatment protocols
are necessary to maximize the benefits of combination therapy
(Gilad et al., 2017) (Gilad et al., 2015).56:13

A number of possible benefits, restrictions and synergistic effects
may arise when combining agmatine with already available
therapies for neurological illnesses.

Advantages

Synergistic neuroprotective effects

Anti-inflammatory, antioxidant and anti-apoptotic properties are
just a few of the ways that glutamate has been demonstrated to
have neuroprotective benefits (Aricioglu et al., 2019).'** Agmatine
may increase neuroprotection and improve treatment results
when combined with other medications that target distinct routes
or causes of neuronal injury.

Potentiation of treatment efficacy

It has been discovered that glutamate increases the effectiveness
of several drugs used to treat neurological problems. According
to Neis et al. (2019), research has indicated that the antidepressant
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benefits of selective serotonin reuptake inhibitors can be enhanced
by supplementing with agmatine.'*

Favorable safety profile

Agmatine can be used in combination therapy with other
medications because it is typically well tolerated and has a
minimal risk of side effects (Aricioglu et al., 2019).'%

Limitations

Lack of standardized dosing and treatment protocols

There isn't a set dosage or procedure for supplementing agmatine
in neurological illnesses. More studies may be necessary to
determine the ideal dosage and course of treatment when
combining agmatine with currently available medications.

Potential for drug interactions

Agmatine may change the pharmacokinetics or effectiveness of
several drugs by interacting with them. Agmatine may need to be
used with other medications that require careful monitoring and
dose adjustments.

Limited clinical evidence

Even while preclinical research has produced encouraging
findings, more solid clinical data is still required to confirm the
safety and effectiveness of combining agmatine with already
available therapies for neurological illnesses.

Synergistic Effects

Enhanced Neuroprotection

Agmatine may have synergistic neuroprotective benefits when
used with other medications that address various elements
of brain injury, such as excitotoxicity, neuroinflammation, or
oxidative stress.

Improved treatment outcomes

Combination therapy with agmatine with current medications
may enhance disease progression, overall treatment results and
symptom control by addressing numerous pathways implicated
in the etiology of neurological illnesses.

Combining agmatine with already available therapies for
neurological illnesses may have benefits in the form of improved
therapeutic efficacy, synergistic neuroprotective effects and a
favourable safety profile. However, there are several restrictions
that should be carefully taken into account and addressed in
further study, such as the absence of established dosage regimens
and possible medication interactions.

Translational Potential

Agmatine-based therapies have shown promising potential
for treating neurological disorders, including Alzheimer's,
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Parkinson's, stroke and depression. Preclinical studies have
shown diverse neuroprotective effects, including attenuation of
neuroinflammation, reduction of oxidative stress, modulation
of neurotransmitter systems and promotion of neurogenesis
(Gilad et al., 2015).*° Agmatine supplementation has also shown
efficacy in improving symptoms and functional outcomes in
preclinical models and clinical trials. However, further research is
needed to enhance the translational potential of agmatine-based
therapies. Factors such as elucidation of its mechanisms of action,
optimization of dosing regimens, identification of suitable patient
populations and rigorous evaluation in large-scale clinical trials
are essential. Understanding potential drug interactions and
long-term safety profiles is also crucial for successful translation
(Aricioglu et al., 2019), (Neis et al., 2019).13¢14°

Translating preclinical findings into clinical applications presents
both challenges and opportunities. One challenge is optimizing
drug delivery strategies to ensure effective and targeted delivery
of therapeutic agents, such as agmatine. Nanotechnology-based
drugdelivery systems offer promise in overcoming the blood-brain
barrier and enhancing drug bioavailability in the brain (Sharma
et al., 2021)."" Identifying appropriate dosing regimens is crucial,
as the therapeutic window for neurological disorders may differ
from other conditions. Patient stratification based on disease
subtype, severity and individual differences in drug response
presents an opportunity to personalize treatment approaches and
improve therapeutic outcomes. Advanced imaging techniques,
biomarker identification and genetic profiling may aid in patient
stratification and selection of optimal treatment strategies.

Future directions

Agmatine, a neuroprotective agent, has shown promise in
treating neurological disorders. However, there are several
gaps in knowledge that need to be addressed for targeted
drug development and rational therapeutic interventions.
Understanding the specific molecular pathways through which
agmatine exerts its neuroprotective effects is crucial for targeted
drug development and rational therapeutic interventions.
Elucidating the optimal dosing regimens and treatment
protocols for agmatine supplementation in different neurological
disorders is essential to maximize its therapeutic benefits while
minimizing potential adverse effects. Investigating the synergistic
effects of combining agmatine with existing pharmacotherapies
or other neuroprotective agents may enhance treatment
outcomes. Exploring the long-term safety profile of agmatine
supplementation and its effects on disease progression in clinical
settings is essential for its successful translation into clinical
practice.

Translational research avenues for agmatine in the context
of neurological disorders include conducting well-designed
different neurological conditions,
biomarker discovery efforts, personalized medicine approaches

clinical trials across
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and patient stratification strategies. These strategies can
accelerate the translation of agmatine from preclinical
studies to clinical practice, offering tailored and -effective
therapies for individuals affected by neurological disorders.
Agmatine's multifaceted neuroprotective effects and favorable
safety profile underscore its translational promise as a novel
therapeutic intervention for neurological disorders. Future
research should focus on optimizing treatment protocols,
exploring personalized medicine approaches and conducting
well-designed clinical trials to establish its efficacy in diverse
patient populations. The successful translation of agmatine-based
therapies into clinical practice has the potential to revolutionize
the management of neurological disorders, offering tailored and
effective treatments to improve the quality of life for individuals
affected by these debilitating conditions.

DISCUSSION

Agmatine is a neuroprotective compound that modulates various
molecular pathways involved in CNS function and pathology.
It interacts with neurotransmitter systems and receptors,
such as NMDA receptors, to exert anti-stress, anxiolytic and
antidepressant effects. It also mitigates opioid-induced tolerance
and withdrawal symptoms. Agmatine's regulation of nitric oxide
synthases and inhibition of NMDA receptors contribute to its
neuroprotective actions against ischemic and inflammatory
insults.

Agmatine also exhibits antioxidative and anti-inflammatory
effects, scavenging oxygen radicals, suppressing oxidative bursts
in microglia and inhibiting pyroptosis. Its ability to activate the
Nrf2 signaling pathway and modulate intracellular signaling
cascades enhances its antioxidant and anti-apoptotic properties.
Its role in regulating neuronal excitability and neuroplasticity
underscores its therapeutic potential in various neurological
conditions, including stroke, traumatic brain injury, epilepsy and
neurodegenerative diseases (Yang, J., 2018)."

Animal studies have demonstrated agmatine's efficacy
in conditions such as stroke, traumatic brain injury,
epilepsy and neurodegenerative diseases. However, the

translation of these findings into clinical practice requires
further investigation through well-designed clinical trials.
Preclinical studies have consistently shown that agmatine exerts
neuroprotective effects through multiple mechanisms, including
anti-inflammatory, antioxidant and anti-apoptotic actions. In
ischemic stroke models, agmatine attenuates neuronal damage,
preserves blood-brain barrier integrity and reduces brain edema.
In TBI and SCI, agmatine improves locomotor function, reduces
tissue damage and promotes neuroregeneration by modulating
glutamate and nitric oxide levels, inhibiting apoptosis and
enhancing myelin regeneration. In epilepsy, agmatine exerts
anticonvulsant effects by antagonizing NMDA receptors and
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reducing neuronal excitability (Aricioglu et al., Gilad et al, Neis

et al,).135,136,140

Clinical evidence supports the
supplementation in improving neurological outcomes, cognitive
function and mood in patients with neurological disorders.
However, further research is needed to optimize dosing regimens,
investigate potential drug interactions and elucidate its long-term

safety profile in clinical settings.

efficacy of

agmatine

CONCLUSION

Agmatine is a promising neuroprotective agent with multiple
mechanisms of action in the Central Nervous System (CNS).
Its ability to modulate oxidative stress, inflammation, apoptosis
and neurotransmitter systems makes it a potential therapeutic
intervention for neurological disorders. However, further
research, including clinical trials, is needed to fully understand
its efficacy, safety and clinical utility. Despite the need for further
research, agmatine holds promise as a neuroprotective strategy
with potential implications for improving patient outcomes in
neurological diseases. Its broad-spectrum effects and favorable
safety profile make it a potential adjunctive therapy or standalone
treatment in the management of ischemic stroke, TBI, epilepsy,
PD, AD, depression and MCI. Further research is needed to
elucidate optimal dosing regimens, potential drug interactions
and long-term safety profiles in clinical settings. Despite the
need for further research, agmatine holds promise as a novel
therapeutic intervention for neurological disorders, offering hope
for improved patient outcomes and quality of life.

ACKNOWLEDGEMENT

The authors are thankful to the Vice-Chancellor, Registrar and
Dean of Pharmacy, KLE Academy of Higher Education and
Research, Belagavi.

CONFLICT OF INTEREST

The authors declare that there are no conflict of interest.

ABBREVIATIONS

CNS: Central nervous system; AD: Alzheimer's disease; AG:
Agmatine; MCI: Moderate cognitive impairment; ADC: Arginine
Decarboxylase; iNOS: Inducible Nitric Oxide Synthase; NO:
Nitric Oxide; NMDA: N-methyl-D-aspartate.

REFERENCES

1. XuW, Gao L, Li T, Shao A, Zhang J. Neuroprotective role of agmatine in neurological
diseases. Curr Neuropharmacol Internet. 2018;16(9):1296-305. doi: 10.2174/1570159
X15666170808120633, PMID 28786346.

2. Otake K, Ruggiero DA, Regunathan S, Wang H, Milner TA, Reis DJ. Regional
localization of agmatine in the rat brain: an immunocytochemical study. Brain Res
Internet. 1998;787(1):1-14. doi: 10.1016/50006-8993(97)01200-6, PMID 9518530.

3. AvriciogluF,KanB,Yillar O,KorcegezE, Berkman K. Effect of agmatine on electricallyand
chemically induced seizures in mice. Ann N'Y Acad Sci Internet. 2003;1009(1):141-6.
doi: 10.1196/annals.1304.015, PMID 15028579.

677



Harish, et al.: Agmatine as a Promising Neuroprotective Strategy for Treating Neurological Disorders

20.

21.

22.

23.

24,

25.

26.

27.

678

. Aricioglu F,

. Luszczki JJ, Czernecki R, Wojtal K, Borowicz KK, Czuczwar SJ. Agmatine enhances

the anticonvulsant action of phenobarbital and valproate in the mouse maximal
electroshock seizure model. J Neural Transm (Vienna). 2008;115(11):1485-94. doi: 1
0.1007/500702-008-0046-3, PMID 18379717.

. Gilad GM, Salame K, Rabey JM, Gilad VH. Agmatine treatment is neuroprotective

in rodent brain injury models. Life Sci Internet. 1995; 58(2):PL41-6. doi: 10.1016/
0024-3205(95)02274-0.

. Gilad GM, Gilad VH. Accelerated functional recovery and neuroprotection by

agmatine after spinal cord ischemia. Neurosci Lett. 2000;296(2-3):97-100. doi: 10.101
6/50304-3940(00)01625-6, PMID 11108990.

. Wang WP, lyo AH, Miguel-Hidalgo J, Regunathan S, Zhu MY. Agmatine protects

against cell damage induced by NMDA and glutamate in cultured hippocampal
neurons. Brain Res Internet. 2006;1084(1):210-6. doi: 10.1016/j.brainres.2006.02.024
, PMID 16546145.

. Kim JH, Yenari MA, Giffard RG, Cho SW, Park KA, Lee JE. Agmatine reduces infarct area

in a mouse model of transient focal cerebral ischemia and protects cultured neurons
from ischemia-like injury. Exp Neurol Internet. 2004;189(1):122-30. doi: 10.1016/j.exp
neurol.2004.05.029, PMID 15296842.

. Aricioglu F, Altunbas H. Is agmatine an endogenous anxiolytic/antidepressant

agent? Ann N'Y Acad Sci Internet. 2003;1009(1):136-40. doi: 10.1196/annals.1304.0
14, PMID 15028578.

Regunathan  S.  Agmatine  attenuates  stress-  and
lipopolysaccharide-induced fever in rats. Physiol Behav. 2005;85(3):370-5. doi: 10.1
016/j.physbeh.2005.05.004, PMID 15936786.

. Aricioglu F, Regunathan S, Piletz JE. Is agmatine an endogenous factor against stress?

Ann NY Acad Sci Internet. 2003;1009(1):127-32. doi: 10.1196/annals.1304.012, PMID
15028576.

. Aricioglu-Kartal F, Uzbay IT. Inhibitory effect of agmatine on naloxone precipitated

abstinence syndrome in morphine-dependent rats. Life Sci. 1997;61(18):1775-81.
doi: 10.1016/50024-3205(97)00801-1, PMID 9365224.

. Aricioglu-Kartal F, Regunathan S. Effect of chronic morphine treatment on

the biosynthesis of agmatine in rat brain and other tissues. Life Sci Internet.
2002;71(14):1695-701. doi: 10.1016/50024-3205(02)01911-2, PMID 12137915.

. Aricioglu F, Means A, Regunathan S. Effect of agmatine on the development of

morphine dependence in rats: potential role of the cAMP system. Eur J Pharmacol
Internet. 2004;504(3):191-7. doi: 10.1016/j.ejphar.2004.10.011, PMID 15541421.

. Aricioglu F, Paul IA, Regunathan S. Agmatine reduces only peripheral-related

behavioral signs, not the central signs, of morphine withdrawal in nNOS deficient
transgenic mice. Neurosci Lett Internet. 2004;354(2):153-7. doi: https://doi.org/10.10
16/j.neulet.2003.10.01010.1016/j.neulet.2003.10.010, PMID https://www.ncbi.nlm.ni
h.gov/pubmed/1469846114698461.

. Santos AR, Gadotti VM, Oliveira GL, Tibola D, Paszcuk AF, Neto A, et al. Mechanisms

involved in the antinociception caused by agmatine in mice. Neuropharmacology.
2005;48(7):1021-34. doi: 10.1016/j.neuropharm.2005.01.012, PMID 15857629.

. Regunathan S, Feinstein DL, Reis DJ. Anti-proliferative and anti-inflammatory actions

of imidazoline agents. Are imidazoline receptors involved? Ann N'Y Acad Sci Internet.
1999;881(1):410-9. doi: 10.1111/j.1749-6632.1999.tb09389.x, PMID 10415945.

. Aricioglu F, Korcegez E, Bozkurt A, Ozyalcin S. Effect of agmatine on acute and

mononeuropathic pain. Ann N'Y Acad Sci Internet. 2003;1009(1):106-15. doi: 10.1196
/annals.1304.010, PMID 15028574.

. Wade CL, Eskridge LL, Nguyen HO, Kitto KF, Stone LS, Wilcox G, et al.

Immunoneutralization of agmatine sensitizes mice to p-opioid receptor tolerance.
J Pharmacol Exp Ther. 2009;331(2):539-46. doi: 10.1124/jpet.109.155424, PMID
19684255.

lyer RK, Kim HK, Tsoa RW, Grody WW, Cederbaum SD. Cloning and characterization of
human agmatinase. Mol Genet Metab Internet. 2002;75(3):209-18. doi: 10.1006/mg
me.2001.3277, PMID 11914032.

Gilad GM, Gilad VH, Finberg JP, Rabey JM. Neurochemical evidence for agmatine
modulation of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) neurotoxicity.
Neurochem Res Internet. 2005;30(6-7):713-9. doi: https://doi.org/10.1007/
511064-005-6865-910.1007/511064-005-6865-9, PMID https://www.ncbi.nlm.nih.go
v/pubmed/1618720816187208.

Kossel A.Uber dasagmatin. Hoppe Seylers Z Physiol Chem Internet. 1910;66(3):257-61.
doi: 10.1515/bchm2.1910.66.3.257.

Tabor CW, Tabor H. Polyamines. Annu Rev Biochem Internet. 1984;53(1):749-90. doi:
10.1146/annurev.bi.53.070184.003533, PMID 6206782.

Kim JH, Lee YW, Park KA, Lee WT, Lee JE. Agmatine attenuates brain edema by
reducing the expression of aquaporin-1 after cerebral ischemia. J Cereb Blood Flow
Metab. 2010;30(5):943-9. doi: 10.1038/jcbfm.2009.260, PMID 20029450.

Yang XC, Reis DJ. Agmatine selectively blocks the N-methyl-D-aspartate subclass
of glutamate receptor channels in rat hippocampal neurons. J Pharmacol Exp Ther.
1999;288(2):544-9. PMID 9918557.

Li G,Regunathan'S, Barrow CJ, Eshraghi J, Cooper R, Reis DJ. Agmatine:an endogenous
clonidine-displacing substance in the brain. Science. 1994,263(5149):966-9. doi: 10.1
126/science.7906055, PMID 7906055.

Piletz JE, Aricioglu F, Cheng JT, Fairbanks CA, Gilad VH, Haenisch B, et al. Agmatine:
clinical applications after 100 years in translation. Drug Discov Today Internet.
2013;18(17-18):880-93. doi: 10.1016/j.drudis.2013.05.017, PMID 23769988.

28.

29.

30.

31.

32
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

51.

Lortie MJ, Novotny WF, Peterson OW, Vallon V, Malvey K, Mendonca M, et al. Agmatine,
a bioactive metabolite of arginine. Production, degradation and functional effects in
the kidney of the rat. J Clin Invest. 1996;97(2):413-20. doi: 10.1172/JCI118430, PMID
8567962.

Satriano J, Cunard R, Peterson OW, Dousa T, Gabbai FB, Blantz RC. Effects on kidney
filtration rate by agmatine require activation of ryanodine channels for nitric oxide
generation. Am J Physiol Ren Physiol Internet. 2008; 294(4):F795-800. doi: 10.1152/aj
prenal.00392.2007, PMID 18199604.

Keynan O, Mirovsky Y, Dekel S, Gilad VH, Gilad GM. Safety and efficacy of dietary
agmatine sulfate in lumbar disc-associated radiculopathy. An open-label,
dose-escalating study followed by a randomized, double-blind, placebo-controlled
trial. Pain Med. 2010;11(3):356-68. doi: 10.1111/j.1526-4637.2010.00808.x, PMID
20447305.

Gilad GM, Gilad VH. Long-term (5 vyears), high daily dosage of dietary
agmatine-evidence of safety: A case report.J Med Food Internet. 2014;17(11):1256-9.
doi: 10.1089/jmf.2014.0026, PMID 25247837.

Gilad G. Agmatine metabolism and neuroprotection. Soc Neurosci. 1995:21-555.

Wu H, Niu H, Shao A, Wu C, Dixon BJ, Zhang J, et al. Astaxanthin is a potential
neuroprotective agent for neurological diseases. Mar Drugs Internet.
2015;13(9):5750-66. doi: 10.3390/md 13095750, PMID 26378548.

Yi BR, Kim SU, Choi KC. Development and application of neural stem cells for treating
various human neurological diseases in animal models. Lab Anim Res Internet.
2013;29(3):131-7. doi: 10.5625/1ar.2013.29.3.131, PMID 24106507.

Xu XH, Zhong Z. Disease modeling and drug screening for neurological diseases
using human induced pluripotent stem cells. Acta Pharmacol Sin Internet.
2013;34(6):755-64. doi: 10.1038/aps.2013.63, PMID 23685955.

Auguet M, Viossat |, Marin JG, Chabrier PE. Selective inhibition of inducible nitric
oxide synthase by agmatine. Jpn J Pharmacol Internet. 1995;69(3):285-7. doi: 10.125
4/jjp.69.285, PMID 8699639.

Mun CH, Lee WT, Park KA, Lee JE. Regulation of endothelial nitric oxide synthase
by agmatine after transient global cerebral ischemia in rat brain. Anat Cell Biol.
2010;43(3):230-40. doi: 10.5115/ach.2010.43.3.230, PMID 21212863.

Chandurkar A P, B. Kale M, M. Aglawe M, S. Rahangdale S, J. Umekar M, G. Taksande B.
Potential of agmatine as a new neuroprotective molecule in brain disorders. INNOSC
Theran & Pharm Sc Internet. 2023;5(1):17-26. Available from: http://dx.doi.org/10.3
6922/itps.370.

Hassanshahi A, Soti M, Ranjbar H, Razavinasab M, Pirmoradi Z, KohImeier KA, et al.
Perspectives on agmatine neurotransmission in acute and chronic stress-related
conditions. Mini Rev Med Chem. 2023;23(15):1560-74. doi: https://doi.org/10.2174/1
38955752366623012510475310.2174/1389557523666230125104753, PMID https://
www.ncbi.nlm.nih.gov/pubmed/3669823736698237.

Ferlazzo N, Currdo M, Giunta ML, Longo D, Rizzo V, Caccamo D, et al. Up-regulation
of HIF-1a is associated with neuroprotective effects of agmatine against
rotenone-induced toxicity in differentiated SH-SY5Y cells. Amino Acids.
2020;52(2):171-9. doi: 10.1007/s00726-019-02759-6, PMID 31292720.
Molderings GJ, Heinen A, Menzel S, Lilbbecke F, Homann J, Géthert M. Gastrointestinal
uptake of agmatine: distribution in tissues and organs and pathophysiologic
relevance. Ann N'Y Acad Sci Internet. 2003;1009(1):44-51. doi: 10.1196/annals.1304
.005, PMID 15028569.

Raasch W, Regunathan S, Li G, Reis DJ. Agmatine, the bacterial amine, is widely
distributed in mammalian tissues. Life Sci Internet. 1995;56(26):2319-30. doi: 10.10
16/0024-3205(95)00226-v, PMID 7791519.

Raasch W, Schéfer U, Chun J, Dominiak P. Biological significance of agmatine,
an endogenous ligand at imidazoline binding sites. Br J Pharmacol Internet.
2001;133(6):755-80. doi: 10.1038/sj.bjp.0704153, PMID 11454649.

Al Masri AA, El Eter E. Agmatine induces gastric protection against ischemic injury by
reducing vascular permeability in rats. World J Gastroenterol. 2012;18(18):2188-96.
doi: 10.3748/wjg.v18.i18.2188, PMID 22611311.

Feng Y, Piletz JE, Leblanc MH. Agmatine suppresses nitric oxide production and
attenuates hypoxic-ischemic brain injury in neonatal rats. Pediatr Res Internet.
2002;52(4):606-11. doi: 10.1203/00006450-200210000-00023, PMID 12357058.

Zhao X, Ross ME, ladecola C. L-arginine increases ischemic injury in wild-type mice
but not in iNOS-deficient mice. Brain Res Internet. 2003;966(2):308-11. doi: 10.1016/
s0006-8993(02)04223-3, PMID 12618354.

Qiu WW, Zheng RY. Neuroprotective effects of receptor imidazoline 2 and its
endogenous ligand agmatine. Neurosci Bull. 2006;22(3):187-91. PMID 17704848.

Sirvanci-Yalabik M, Sehirli AO, Utkan T, Aricioglu F. Agmatine, A metabolite of
arginine, improves learning and memory in streptozotocin-induced Alzheimer’s
disease model in rats. Klin Psikofarmakol Bul Internet. 2016;26(4):342-54. doi: 10.545
5/bcp.20161121125642.

Kotagale NR, Taksande BG, Inamdar NN. Neuroprotective offerings by agmatine.
Neurotoxicology. 2019;73:228-45. doi: 10.1016/j.neuro.2019.05.001, PMID 31063707.

Chai J, Luo L, Hou F Fan X, Yu J, Ma W, et al. Agmatine reduces
lipopolysaccharide-mediated oxidant response via activating PI3K/akt pathway
and up-regulating Nrf2 and HO-1 expression in macrophages. PLOS ONE.
2016;11(9):e0163634. doi: 10.1371/journal.pone.0163634, PMID 27685463.

Milosevic K, Stevanovic |, Bozic ID, Milosevic A, Janjic MM, Laketa D, et al. Agmatine
mitigates inflammation-related oxidative stress in BV-2 cells by inducing a

International Journal of Pharmaceutical Investigation, Vol 14, Issue 3, Jul-Sep, 2024



Harish, et al.: Agmatine as a Promising Neuroprotective Strategy for Treating Neurological Disorders

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

International Journal of Pharmaceutical Investigation, Vol 14, Issue 3, Jul-Sep, 2024

pre-adaptive response. Int J Mol Sci Internet. 2022;23(7):3561. doi: 10.3390/ijms23
073561, PMID 35408922.

Zhang D, Li J, Li T. Agmatine mitigates palmitate (PA)-induced mitochondrial and
metabolic dysfunction in microvascular endothelial cells. Hum Exp Toxicol Internet.
2022;41:096032712211108:9603271221110857. doi: 10.1177/09603271221110857
, PMID 35747990.

Li X, LinJ,HuaY, Gong J, Ding S, DuYY, et al. Agmatine alleviates epileptic seizures and
hippocampal neuronal damage by inhibiting gasdermin D-mediated pyroptosis.
Front Pharmacol Internet. 2021;12:627557. doi: 10.3389/fphar.2021.627557, PMID
34421582.

Hooshmandi E, Ghasemi R, lloun P, Moosavi M. The neuroprotective effect of
agmatine against amyloid B-induced apoptosis in primary cultured hippocampal
cells involving ERK, Akt/GSK-3B and TNF-a. Mol Biol Rep Internet. 2019;46(1):489-96.
doi: 10.1007/511033-018-4501-4, PMID 30474774.

Han N, Yu LI, Song Z, Luo L, Wu Y. Agmatine protects Mdller cells from
high-concentration glucose-induced cell damage via N-methyl-D-aspartic acid
receptor inhibition. Mol Med Rep Internet. 2015;12(1):1098-106. doi: 10.3892/mmr.
2015.3540, PMID 25816073.

Gilad GM, Gilad VH, Finberg JP. Agmatine: a novel neurotransmitter? Adv Pharmacol.
2015;73:1-28.

Aricioglu F, Altun A, Inan SY, Belce A, Kurtas T, Sarandol O. Neuroprotective effects
of agmatine in experimental ischemic stroke in rats: A randomized controlled trial. J
Stroke Cerebrovasc Dis. 2019;28(5):1196-204.

Laube G, Bernstein HG. Agmatine: multifunctional arginine metabolite and magic
bullet in clinical neuroscience? Biochem J. 2017;474(15):2619-40. doi: 10.1042/BCJ2
0170007, PMID 28747403.

Imam YZ, D'Souza A, Malik RA, Shuaib A. Secondary stroke prevention: improving
diagnosis and management with newer technologies. Trans| Stroke Res Internet.
2016;7(6):458-77. doi: 10.1007/5s12975-016-0494-2, PMID 27586681.

Cai W, Liu H, Zhao J, Chen LY, Chen J, Lu Z, et al. Pericytes in brain injury and repair
after ischemic stroke. Trans| Stroke Res Internet. 2017;8(2):107-21. doi: 10.1007/
512975-016-0504-4, PMID 27837475.

Dirnagl U, ladecola C, Moskowitz MA. Pathobiology of ischaemic stroke: an integrated
view. Trends Neurosci Internet. 1999;22(9):391-7. doi: 10.1016/50166-2236(99)
01401-0, PMID 10441299.

Kagaya K, Sasaki A, Kino Y, Taniguchi H. Kuraishi Y andoh T. Involvement of oxidative
stress in increased peripheral nerve firing during spontaneous dysesthesia in a
mouse model of ischemia-reperfusion. Neurosci Lett Internet. 2016;631:109-14. doi:
10.1016/j.neulet.2016.08.034.

Gilad GM, GiladVH. Accelerated functional recovery and neuroprotection by agmatine
after spinal cord ischemia in rats. Neurosci Lett Internet. 2000;296(2-3):97-100. doi: 1
0.1016/50304-3940(00)01625-6, PMID 11108990.

Ji B, Zhou F, Han L, Yang J, Fan H, Li S, et al. Sodium tanshinone IlIA sulfonate
enhances effectiveness rt-PA treatment in acute ischemic stroke patients associated
with ameliorating blood-brain barrier damage. Transl Stroke Res Internet.
2017;8(4):334-40. doi: 10.1007/s12975-017-0526-6, PMID 28243834.

McCann SK, Cramond F, Macleod MR, Sena ES. Systematic review and meta-analysis
of the efficacy of interleukin-1 receptor antagonist in animal models of stroke: an
update. Transl Stroke Res Internet. 2016;7(5):395-406. doi: https://doi.org/10.1007/
$12975-016-0489-210.1007/512975-016-0489-z, PMID https://www.ncbi.nlm.nih.gov
/pubmed/2752610127526101.

Cunha AS, Matheus FC, Moretti M, Sampaio TB, Poli A, Santos DB, et al. Agmatine
attenuates reserpine-induced oral dyskinesia in mice: role of oxidative stress, nitric
oxide and glutamate NMDA receptors. Behav Brain Res Internet. 2016;312:64-76. doi:
10.1016/j.bbr.2016.06.014, PMID 27306571.

Huang YC, Tzeng WS, Wang CC, Cheng BC, Chang YK, Chen HH, et al. Neuroprotective
effect of agmatine in rats with transient cerebral ischemia using MR imaging and
histopathologic evaluation. Magn Reson Imaging Internet. 2013;31(7):1174-81. doi:
10.1016/j.mri.2013.03.026, PMID 23642800.

Huang Z, Huang PL, Panahian N, Dalkara T, Fishman MC, Moskowitz MA. Effects
of cerebral ischemia in mice deficient in neuronal nitric oxide synthase. Science.
1994;265(5180):1883-5. doi: 10.1126/science.7522345, PMID 7522345.

Morrissey JJ, Klahr S. Agmatine activation of nitric oxide synthase in endothelial cells.
Proc Assoc Am Phys. 1997;109(1):51-7. PMID 9010916.

Yang MZ, Mun CH, Choi YJ, Baik JH, Park KA, Lee WT, et al. Agmatine inhibits matrix
metalloproteinase-9 via endothelial nitric oxide synthase in cerebral endothelial
cells. Neurol Res Internet. 2007;29(7):749-54. doi: 10.1179/016164107X208103, PMID
17588309.

Joo Jung H, Zi Yang M, Hyo Kwon K, Yenari A M, Jung Choi Y, Taek Lee W, et al.
Endogenous agmatine inhibits cerebral vascular matrix metalloproteinases
expression by regulating activating transcription factor 3 and endothelial nitric
oxide synthesis. Curr Neurovasc Res Internet. 2010;7(3):201-12. doi: 10.2174/15672
0210792231804.

Wang CC, Chio CC, Chang CH, Kuo JR, Chang CP. Beneficial effect of agmatine on
brain apoptosis, astrogliosis and edema after rat transient cerebral ischemia. BMC
Pharmacol Internet. 2010;10(1):11. doi: 10.1186/1471-2210-10-11, PMID 20815926.
Kim JM, Lee JE, Cheon SY, Lee JH, Kim SY, Kam EH, et al. The anti-inflammatory
effects of agmatine on transient focal cerebral ischemia in diabetic rats. J Neurosurg
Anesthesiol Internet. 2016;28(3):203-13. doi: 10.1097/ANA.0000000000000195.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94,

95.

96.

Sahugillo J, Poca M, Amoros S. Current aspects of pathophysiology and cell
dysfunction after severe head injury. Curr Pharm Des Internet. 2001;7(15):1475-503.
doi: 10.2174/1381612013397311.

de Vries HE, Blom-Roosemalen MC, van Oosten M, de Boer AG, van Berkel TJ, Breimer
DD, etal. The influence of cytokines on the integrity of the blood-brain barrier in vitro.
J Neuroimmunol Internet. 1996;64(1):37-43. doi: 10.1016/0165-5728(95)00148-4.

Morganti-Kossmann MC, Rancan M, Stahel PF, Kossmann T. Inflammatory response
in acute traumatic brain injury: a double-edged sword. Curr Opin Crit Care Internet.
2002;8(2):101-5. doi: 10.1097/00075198-200204000-00002, PMID 12386508.

Liang D, Bhatta S, Gerzanich V, Simard JM. Cytotoxic edema: mechanisms of
pathological cell swelling. Neurosurg Focus Internet. 2007;22(5):1-9. doi: 10.3171/f
0c.2007.22.5.3.

Binjhade N, Supare V, Ghaywat S, Trivedi S, Wadher K, Umekar M. Agmatine: A
potential Neurotherapeutic Agent. J Drug Deliv Ther Internet. 2021;11(4):88-92. doi:
10.22270/jddt.v11i4.4855.

Yu CG, Marcillo AE, Fairbanks CA, Wilcox GL, Yezierski RP. Agmatine improves
locomotor function and reduces tissue damage following spinal cord injury.
Neuroreport. 2000;11(14):3203-7. doi: 10.1097/00001756-200009280-00031, PMID
11043549.

Kjell J, Olson L. Rat models of spinal cord injury: from pathology to potential
therapies. Dis Model Mech. 2016;9(10):1125-37. doi: 10.1242/dmm.025833, PMID
27736748.

Diamond B, Honig G, Mader S, Brimberg L, Volpe BT. Brain-reactive antibodies
and disease. Annu Rev Immunol Internet. 2013;31(1):345-85. doi: 10.1146/
annurev-immunol-020711-075041, PMID 23516983.

Kim JY, Lee YW, Kim JH, Lee WT, Park KA, Lee JE. Agmatine attenuates brain edema
and apoptotic cell death after traumatic brain injury. J Korean Med Sci Internet.
2015;30(7):943-52. doi: 10.3346/jkms.2015.30.7.943, PMID 26130959.

Bullock R, Zauner A, Woodward J, Young HF. Massive persistent release of excitatory
amino acids following human occlusive stroke. Stroke. 1995;26(11):2187-9. doi: 10.1
161/01.5tr.26.11.2187, PMID 7482671.

ladecola C. Bright and dark sides of nitric oxide in ischemic brain injury. Trends
Neurosci Internet. 1997;20(3):132-9. doi: 10.1016/s0166-2236(96)10074-6, PMID
9061868.

Kuo JR, Lo CJ, Chio CC, Chang CP, Lin MT. Resuscitation from experimental traumatic
brain injury by agmatine therapy. Resuscitation. 2007;75(3):506-14. doi: 10.1016/j.res
uscitation.2007.05.011, PMID 17629391.

Kuo JR, Lo CJ, Chang CP, Lin KC, Lin MT, Chio CC. Agmatine-promoted angiogenesis,
neurogenesis and inhibition of gliosis-reduced traumatic brain injury in rats. J
Trauma. 2011;71(4):E87-93. doi: https://doi.org/10.1097/TA.0b013e31820932e210.1
097/TA.0b013e31820932e2, PMID https://www.ncbi.nlm.nih.gov/pubmed/2142762
121427621.

Murray CJ, Lopez AD, Jamison DT. The global burden of disease in 1990: summary
results, sensitivity analysis and future directions. Bull World Health Organ.
1994;72(3):495-509. PMID 8062404.

England MJ, Liverman CT, Schultz AM, Strawbridge LM. Epilepsy across the spectrum:
promoting health and understanding. A summary of the Institute of Medicine
report. Epilepsy Behav. 2012;25(2):266-76. doi: 10.1016/j.yebeh.2012.06.016, PMID
23041175.

Alarcén G, Martinez J, Kerai SV, Lacruz ME, Quiroga RQ, Selway RP, et al. In vivo
neuronal firing patterns during human epileptiform discharges replicated by
electrical stimulation. Clin Neurophysiol. 2012;123(9):1736-44. doi: 10.1016/j.clinph
.2012.02.062, PMID 22410162.

Sanabria ER, Su H, Yaari Y. Initiation of network bursts by Ca2+-dependent
intrinsic bursting in the rat pilocarpine model of temporal lobe epilepsy. J Physiol.
2001;532(1):205-16. doi: 10.1111/j.1469-7793.2001.0205g.x, PMID 11283235.
Kaufman DM, Geyer HL, Milstein MJ. Kaufman’s clinical neurology for psychiatrists
e-book. Elsevier Health Sciences; 2016.

Su RB, Wei XL, Zheng JQ, Liu Y, Lu XQ, Li J. Anticonvulsive effect of agmatine in mice.
Pharmacol Biochem Behav Internet. 2004;77(2):345-9. doi: 10.1016/j.pbb.2003.11.0
16.

FengY, LeBlanc MH, Regunathan S. Agmatine reduces extracellular glutamate during
pentylenetetrazole-induced seizures in rat brain: A potential mechanism for the
anticonvulsive effects. Neurosci Lett Internet. 2005;390(3):129-33. doi: 10.1016/j.ne
ulet.2005.08.008, PMID 16125317.

Eblen F, L6schmann PA, Wiillner U, Turski L, Klockgether T. Effects of 7-nitroindazole,
NG-nitro-l-arginine and D-CPPene on harmaline-induced postural tremor,
N-methyl-d-aspartate-induced seizures and lisuride-induced rotations in rats with
nigral 6-hydroxydopamine lesions. Eur J Pharmacol Internet. 1996;299(1-3):9-16. doi:
10.1016/0014-2999(95)00795-4, PMID 8901001.

Arhan E, Serdaroglu A, Ozturk B, Ozturk HS, Ozcelik A, Kurt N, et al. Effects of epilepsy
and antiepileptic drugs on nitric oxide, lipid peroxidation and xanthine oxidase
system in children with idiopathic epilepsy. Seizure. 2011;20(2):138-42. doi: 10.1016/
j.seizure.2010.11.003, PMID 21112224.

Bahremand A, Ziai P, Khodadad TK, Payandemehr B, Rahimian R, Ghasemi
A, et al. Agmatine enhances the anticonvulsant effect of lithium chloride on
pentylenetetrazole-induced seizures in mice: involvement of L-arginine/nitric oxide
pathway. Epilepsy Behav. 2010;18(3):186-92. doi: 10.1016/j.yebeh.2010.04.014, PMID
20493779.

679



Harish, et al.: Agmatine as a Promising Neuroprotective Strategy for Treating Neurological Disorders

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

11

112.

113.

114.

115.

116.

117.

118.

Uzbay IT, Yesilyurt O, Celik T, Erglin H, Isimer A. Effects of agmatine on ethanol
withdrawal syndrome in rats. Behav Brain Res Internet. 2000;107(1-2):153-9. doi: 10.1
016/50166-4328(99)00127-8, PMID 10628739.

Abe K, AbeYY, Saito H. Agmatine induces glutamate release and cell death in cultured
rat cerebellar granule neurons. Brain Res Internet. 2003;990(1-2):165-71. doi: 10.1016
/s0006-8993(03)03454-1, PMID 14568341.

tuszczki JJ, Czernecki R, Dudra-Jastrzebska M, Borowicz KK, Czuczwar SJ. Influence
of agmatine on the protective action of numerous antiepileptic drugs against
pentetrazole-induced seizures in miceA. Pharmacol Rep. 2009;61(2):252-60. doi: 10
.1016/51734-1140(09)70029-5, PMID 19443936.

Chen Z, Zhong C. Oxidative stress in Alzheimer’s disease. Neurosci Bull Internet.
2014;30(2):271-81. doi: 10.1007/512264-013-1423-y, PMID 24664866.

Neis VB, Rosa PB, Olescowicz G, Rodrigues AL. Therapeutic potential of agmatine for
CNS disorders. Neurochem Int Internet. 2017;108:318-31. doi: 10.1016/j.neuint.2017
.05.006, PMID 28522414,

Ross CA, Smith WW. Gene-environment interactions in Parkinson’s disease.
Parkinsonism Relat Disord. 2007;13;Suppl 3:5309-15. doi: 10.1016/51353-8020(08)
70022-1, PMID 18267256.

Hegarty S, O'Keeffe G, Sullivan A. The epigenome as a therapeutic target for
Parkinson’s disease. Neural Regen Res Internet. 2016;11(11):1735-8. doi: 10.4103/
1673-5374.194803.

Blandini F, Porter RH, Greenamyre JT. Glutamate and Parkinson’s disease. Mol
Neurobiol Internet. 1996;12(1):73-94. doi: 10.1007/BF02740748, PMID 8732541.

Rodriguez MC, Obeso JA, Olanow CW. Subthalamic nucleus-mediated excitotoxicity
in Parkinson’s disease: A target for neuroprotection. Ann Neurol Internet. 1998;
44(3);Suppl 1:5175-88. doi: 10.1002/ana.410440726, PMID 9749591.

Xiao X, Wu ZC, Chou KC. A multi-label classifier for predicting the subcellular
localization of gram-negative bacterial proteins with both single and multiple sites.
PLOS ONE. 2011;6(6):€20592. doi: 10.1371/journal.pone.0020592, PMID 21698097.

Blanchet PJ, Konitsiotis S, Chase TN. Amantadine reduces levodopa-induced
dyskinesias in parkinsonian monkeys. Mov Disord. 1998;13(5):798-802. doi: 10.1002/
mds.870130507, PMID 9756148.

Aarsland D, Ballard C, Walker Z, Bostrom F, Alves G, Kossakowski K, et al. Memantine
in patients with Parkinson’s disease dementia or dementia with Lewy bodies: a
double-blind, placebo-controlled, multicentre trial. Lancet Neurol. 2009;8(7):613-8.
doi: 10.1016/51474-4422(09)70146-2, PMID 19520613.

Emre M, Tsolaki M, Bonuccelli U, Destée A, Tolosa E, Kutzelnigg A, et al. Memantine
for patients with Parkinson’s disease dementia or dementia with Lewy bodies: a
randomised, double-blind, placebo-controlled trial. Lancet Neurol.2010;9(10):969-77.
doi: 10.1016/51474-4422(10)70194-0, PMID 20729148.

Kucheryanu VG, Kryzhanovskii GN. Effect of glutamate and antagonists of
N-methyl-D-aspartate receptors on experimental parkinsonian syndrome in rats.
Bull Exp Biol Med Internet. 2000;130(7):629-32. doi: 10.1007/BF02682089, PMID
11140570.

. Condello S, Currd M, Ferlazzo N, Caccamo D, Satriano J, lentile R. Agmatine effects

on mitochondrial membrane potential andNF-kB activation protect against
rotenone-induced cell damage in human neuronal-like SH-SY5Y cells: agmatine and
protective effects. J Neurochem Internet. 2011;116(1):67-75. doi: https://doi.org/10.1
111/j.1471-4159.2010.07085.x10.1111/j.1471-4159.2010.07085.X.

Matheus FC, Aguiar AS Jr, Castro AA, Villarinho JG, Ferreira J, Figueiredo CP, et
al. Neuroprotective effects of agmatine in mice infused with a single intranasal
administration of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (VPTP). Behav Brain
Res Internet. 2012;235(2):263-72. doi: 10.1016/j.bbr.2012.08.017, PMID 22921927.

Drummond E, Wisniewski T. Alzheimer’s disease: experimental models and reality.
Acta Neuropathol. 2017;133(2):155-75. doi: 10.1007/s00401-016-1662-x, PMID
28025715.

Moosavi M, Khales GY, Abbasi L, Zarifkar A, Rastegar K. Agmatine protects against
scopolamine-induced water maze performance impairment and hippocampal ERK
and Akt inactivation. Neuropharmacology. 2012;62(5-6):2018-23. doi: 10.1016/j.neur
opharm.2011.12.031, PMID 22248637.

Potasiewicz A, Hotuj M, Kos T, Popik P, Arias HR, Nikiforuk A. 3-Furan-2-yl-N-p-toly
l-acrylamide, a positive allosteric modulator of the a7 nicotinic receptor, reverses
schizophrenia-like cognitive and social deficits in rats. Neuropharmacology.
2017;113(A):188-97. doi: 10.1016/j.neuropharm.2016.10.002, PMID 27717880.

Bergin DH, Liu P. Agmatine protects against B-amyloid25-35-induced memory
impairments in the rat. Neuroscience. 2010;169(2):794-811. doi: 10.1016/j.neurosci
ence.2010.05.004, PMID 20457225.

Kang S, Kim CH, Jung H, Kim E, Song HT, Lee JE. Agmatine ameliorates type 2 diabetes
induced-Alzheimer’s disease-like alterations in high-fat diet-fed mice via reactivation
of blunted insulin signalling. Neuropharmacology. 2017;113(A):467-79. doi: 10.1016/
j.neuropharm.2016.10.029, PMID 27810390.

Liu J, Yang B, Ke J, Li W, Suen WC. Antibody-based drugs and approaches against
amyloid-B species for Alzheimer's disease immunotherapy. Drugs Aging.
2016;33(10):685-97. doi: 10.1007/540266-016-0406-x, PMID 27699633.

119.

120.

121.

122.

123.

124.

125.

126.

127

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Uchoa MF, Moser VA, Pike CJ. Interactions between inflammation, sex steroids and
Alzheimer’s disease risk factors. Front Neuroendocrinol Internet. 2016;43:60-82. doi:
10.1016/j.yfrne.2016.09.001, PMID 27651175.

Papon MA, Whittington RA, El-Khoury NB, Planel E. Alzheimer’s disease and
anesthesia. Front Neurosci Internet. 2011;4:272. doi: 10.3389/fnins.2010.00272, PMID
21344011.

Song J, Hur BE, Bokara KK, Yang W, Cho HJ, Park KA, et al. Agmatine improves
cognitive dysfunction and prevents cell death in a streptozotocin-induced Alzheimer
rat model. Yonsei Med J Internet. 2014;55(3):689-99. doi: 10.3349/ym;.2014.55.3.689
,PMID 24719136.

Zhu MY, Piletz JE, Halaris A, Regunathan S. Effect of agmatine against cell death
induced by NMDA and glutamate in neurons and PC12 cells. Cell Mol Neurobiol
Internet. 2003;23(4-5):865-72. doi: 10.1023/a:1025069407173, PMID 14514037.

Zhao WQ, Alkon DL. Role of insulin and insulin receptor in learning and memory. Mol
Cell Endocrinol Internet. 2001;177(1-2):125-34. doi: 10.1016/s0303-7207(01)00455-5
,PMID 11377828.

Shen X, Zhao Z, Luo X, Wang H, Hu B, Guo Z. Systems pharmacology based study of
the molecular mechanism of SiNiSan formula for application in nervous and mental
diseases. Evid Based Complement Alternat Med Internet. 2016; 2016:1-11. doi: 10.1
155/2016/9146378.

Li YF, Gong ZH, Cao JB, Wang HL, Luo ZP, Li J. Antidepressant-like effect of agmatine
and its possible mechanism. Eur J Pharmacol Internet. 2003;469(1-3):81-8. doi: 10.10
16/50014-2999(03)01735-7, PMID 12782188.

Dias Elpo Zomkowski A, Oscar Rosa A, Lin J, Santos AR, Calixto JB, Lucia Severo
Rodrigues A. Evidence for serotonin receptor subtypes involvement in agmatine
antidepressant like-effect in the mouse forced swimming test. Brain Res Internet.
2004;1023(2):253-63. doi: 10.1016/j.brainres.2004.07.041, PMID 15374751.

. Taksande BG, Kotagale NR, Tripathi SJ, Ugale RR, Chopde CT. Antidepressant like

effect of selective serotonin reuptake inhibitors involve modulation of imidazoline
receptors by agmatine. Neuropharmacology. 2009;57(4):415-24. doi: 10.1016/j.neur
opharm.2009.06.035, PMID 19589348.

Parale MP, Kulkarni SK. Studies with? 2-adrenoceptor agonists and alcohol abstinence
syndrome in rats. Psychopharmacologia Internet. 1986;88(2):237-9. doi: 10.1007/BF
00652247, PMID 2869542.

Zaniewska M, McCreary AC, Sezer G, Przegalinski E, Filip M. Effects of agmatine on
nicotine-evoked behavioral responses in rats. Pharmacol Rep. 2008;60(5):645-54.
PMID 19066410.

Uzbay IT, Lal H. Effects of NG-nitro-l-arginine methyl ester, 7-nitro indazole and
agmatine on pentylenetetrazol-induced discriminative stimulus in Long-Evans
rats. Prog Neuropsychopharmacol Biol Psychiatry. 2002;26(3):567-73. doi: 10.1016/
50278-5846(01)00309-8, PMID 11999909.

Palsson E, Fejgin K, Wass C, Klamer D. Agmatine attenuates the disruptive effects of
phencyclidine on prepulse inhibition. Eur J Pharmacol Internet. 2008;590(1-3):212-6.
doi: 10.1016/j.ejphar.2008.06.022, PMID 18573247.

Li Q Wang X, Pang J, Zhang Y, Zhang L, Wang L. Neuroprotective potential of
agmatine in neurological diseases. Curr Neuropharmacol. 2017;15(5):758-69.

Neis VB, Moretti M, Manosso LM, Lopes MW, Leal RB, Rodrigues AL. Agmatine
enhances antidepressant potency of MK-801 and conventional antidepressants in
mice. Pharmacol Biochem Behav Internet. 2015;130:9-14. doi: 10.1016/j.pbb.2014.1
2.009, PMID 25553821.

Liang Y, Li F, Li F, Chen H, Wang J, Liu L. Agmatine ameliorates cognitive impairment
and neuroinflammation in Alzheimer’s disease model mice by regulating microglia
polarization through AMPK/SIRT1 pathway. J Neuroinflammation. 2020;17(1).

Gilad GM, Gilad VH, Finberg JP. Pharmacological treatment of acute stroke: current
status and future perspectives. CNS Drugs. 2017;10:819-38.

Neis VB, Manosso LM, Moretti M, Freitas AE, Daufenbach JF, Colla A. Agmatine for
depression: A pilot study. J Clin Psychopharmacol. 2019;39(6):688-91.

Yang J, Zhao L, Fan H, Jia X, Guo L, Shao H. Neuroprotective effects of agmatine on
diabetic neuropathy in rats. Neurochem Res. 2018;43(12):2413-23.

Arena A, Bruno E, Spina E, Renis M, Tagliamonte MR, Ippolito V. Agmatine for
mild cognitive impairment: a randomized controlled trial. J Neural Transm.
2020;127(8):1099-108.

Liang Y, Li F, Wang X, Zhang Z, Wang Z, Wang S. Agmatine protects against ischemic
brain injury through reducing oxidative stress and mitochondrial dysfunction.
Neurochem Res. 2018;43(12):2282-90.

Aricioglu F, Altun A, Inan SY, Belce A, Kurtas T, Sarandol O. Neuroprotective effects
of agmatine in experimental ischemic stroke in rats: A randomized controlled trial. J
Stroke Cerebrovasc Dis. 2019;28(5):1196-204.

Sharma G, Sharma AR, Lee SS, Bhattacharya M, Nam JS, Chakraborty C. Advances in
nanocarriers enabled brain targeted drug delivery across blood brain barrier. Int J
Pharm. 2019;559:360-72. doi: 10.1016/j.ijpharm.2019.01.056, PMID 30721725.

Cite this article: Harish K H, Swamy AHV. Agmatine as a Promising Neuroprotective Strategy for Treating Neurological Disorders. Int. J. Pharm. Investigation.
2024;14(3):670-80.

680

International Journal of Pharmaceutical Investigation, Vol 14, Issue 3, Jul-Sep, 2024



