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Abstract

Neurodegenerative diseases are characterized by progressive loss of neurons and remain
largely incurable. Numerous mammalian models have been developed to study the mecha-
nisms underlying their physiopathology; however, their high cost, complexity and time
requirements highlight the need for alternative systems. Glial cells are increasingly rec-
ognized as key contributors to neurodegenerative disease progression through non-cell
autonomous mechanisms. Planarians possess a nervous system with diverse neuronal
subtypes and glial cells, offering an attractive combination of evolutionary conservation
and remarkable regenerative capacity. Unlike mammalian glia, planarian glia originate
from phagocytic progenitors and exhibit distinctive molecular markers, including if-1, cali
and cathepsin. Emerging evidence suggests that planarian glia may contribute to neuro-
transmitter homeostasis, neuron–glia interactions and phagocytic activity. Additionally,
planarians display robust and quantifiable behavioral responses, making them well suited
for modeling neurodegenerative disease. In this review, we summarize the current findings
regarding neuronal subtypes and glial cells in planaria, emphasizing their relevance as
a model system. Further research into planarian glia will be crucial for understanding their
roles in pathological contexts and for exploring their potential applications in neurodegen-
erative diseases research. Planarian simplicity, regenerative capacity, and compatibility
with high-throughput approaches position planarians as a powerful model for investigating
the cellular and molecular mechanisms underlying neurodegenerative diseases and for
identifying potential therapeutic targets.

Keywords: glia; neurodegenerative diseases; planaria; invertebrate models; nervous
system

1. Introduction
Neurodegenerative diseases are characterized by the progressive loss of specific pop-

ulations of neurons and can be classified based on clinical features (such as dementia,
parkinsonism, or motor neuron involvement), the anatomical regions affected (including
frontotemporal, extrapyramidal, or spinocerebellar areas), or underlying molecular ab-
normalities. They can affect neurons from the brain, brainstem, spinal cord and retina
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at all ages, but aging is a risk factor [1]. These disorders range from common conditions
like Alzheimer’s disease (AD), Parkinson’s disease (PD), multiple sclerosis (MS), and age-
related macular degeneration (AMD) to rarer diseases, such as Huntington’s disease (HD),
frontotemporal dementia (FTD), corticobasal syndrome (CBS), multiple system atrophy
(MSA), amyotrophic lateral sclerosis (ALS), progressive supranuclear palsy (PSP), and
spinal muscular atrophy (SMA), among others [2].

Although neurodegenerative diseases are primarily characterized by neuronal loss,
glial cells such as astrocytes, microglia and oligodendrocytes also play a critical role in
disease progression. Beyond their structural and supportive functions, glial cells exhibit
remarkable diversity and functional complexity. However, under pathological conditions,
astrocytes and microglia can become reactive, driving neuroinflammation and contributing
to disease progression [3,4]. Besides intrinsic neuronal defects, many pathological mech-
anisms operate in a non-cell autonomous manner, whereby signals and responses from
surrounding glial cells affect neuronal survival. For instance, studies using chimeric mice
expressing either a wild-type or mutant form of superoxide dismutase 1 (Sod1), a gene
associated with familial ALS, have shown that wild type motor neurons surrounded by
glial cells expressing mutant Sod1 develop ubiquitin-positive protein aggregates, a hallmark
of neuronal damage in ALS [5,6]. Furthermore, transgenic mice in which the mutant Sod1
gene is selectively deleted from motor neurons exhibit a milder ALS phenotype, though the
disease is not completely prevented. This finding demonstrates that glial cells contribute to
disease progression and highlights the importance of targeting non-neuronal cells as a po-
tential therapeutic strategy [7]. Similar non-cell autonomous mechanisms have been impli-
cated in other neurodegenerative diseases including AD, PD, and HD where astrocytes and
microglia are believed to contribute to disease progression through a neuroinflammatory
process, a common pathological feature across these conditions [8–10].

To date, neurodegenerative diseases remain incurable, and most FDA-approved drugs
merely alleviate symptoms, with only a few offering modest effects on slowing disease
progression. Consequently, significant efforts have been invested in developing animal
models, particularly mammalian ones, that successfully recapitulate key pathological
features of these disorders [11–14]. While these models have been invaluable for advancing
our understanding of disease mechanisms and for testing therapeutic strategies, they also
present important limitations: they are expensive and time-consuming to maintain, require
highly specialized infrastructure, and are often constrained in their suitability for large-scale
or high-throughput analyses. These challenges underscore the need for complementary
systems that balance biological relevance with experimental accessibility, thereby expanding
the biological models available for studying the mechanisms of neurodegenerative diseases
and accelerating therapeutic discovery.

Consequently, invertebrate models have been developed to investigate the pathogenic
mechanisms underlying neurodegenerative diseases. Models such as Drosophila melanogaster
and Caenorhabditis elegans offer valuable insights due to several key features. As reviewed
by Pasko et al. these features include: (i) the presence of specialized cells and tissues, includ-
ing the glia-neuron interactions that are crucial for understanding non-cell autonomous
mechanisms in certain neurodegenerative diseases; (ii) their evolutionary relationships,
which include conservation of numerous molecular mechanisms involved in cellular pro-
cesses such as autophagy, cell death, synaptic formation, axonal remodeling, among others;
and (iii) measurable nervous system activity and its correlation with behavior [15].

In this context, flatworm planarians belonging to the freshwater family Dugesi-
idae arise as a complementary model, with the most commonly used species including
Girardia tigrina, Girardia dorotocephala, Dugesia japonica, and Schmidtea mediterranea [16,17].
Planarians have long been used as a model system due to their extraordinary regenerative
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capacity, being able to regenerate all tissues, including a fully functional nervous system
after decapitation [17–19]. Notably, many of the signals that regulate planarian regeneration
are similar to factors related to human brain development [17,20,21]. This regenerative
ability is driven by a population of pluripotent adult stem cells known as neoblasts, which
are distributed throughout the planarian body and are capable of giving rise to all cell
types, including both neurons and glia [22]. Such properties provide a unique opportunity
to study fundamental processes such as, neuronal death, survival, plasticity and regrowth
in vivo [23–25]. Importantly, the simplicity of the planarian nervous system, coupled with
its evolutionary conservation and robust regenerative potential, makes planarians a power-
ful model to dissect mechanisms of nervous system repair that are often difficult to study
in mammalian models. These features position planarians as an attractive complementary
system for exploring the cellular and molecular basis of neurodegenerative diseases, with
potential applications in identifying novel therapeutic targets and strategies.

2. Planarian Nervous System and Neuronal Subtypes
The planarian central nervous system (CNS) consists of a pair of bilobed cerebral

ganglia, often considered as a primitive brain, from which two ventral nerve cords (VNCs)
extend along the organism. These nerveways are interconnected by transverse commis-
sures, forming a characteristic ladder-like structure. Despite this simplicity, the planarian
CNS shares fundamental organization and cell types with the vertebrate CNS, making it
a valuable model to investigate conserved mechanisms of neurobiology [26].

Several neuronal subtypes have been identified in planarians, including
dopaminergic, cholinergic, GABAergic, and serotonergic neurons, along with conserved
neurotransmitters [15,19,26]. These populations are distributed throughout the nervous
system and contribute to functions like locomotion, sensory processing, feeding behav-
ior and responses to environmental stimuli. Moreover, some of these neurotransmitter
systems are the same ones disrupted in human neurodegenerative disorders, such as
dopaminergic neurons in PD, highlighting the translational relevance of studying them in
this organism [15]. Besides its neuronal diversity, the accessibility of the planarian CNS,
combined with its regenerative capacity, provides an interesting opportunity to investigate
how neuronal subtypes are replaced, integrated and functionally restored after injury.

Dopaminergic neurons are among the best characterized in planarians. In D. japonica,
the tyrosine hydroxylase gene (DjTH) and an aromatic amino acid decarboxylase-like gene
(DjAADCA) have been identified as key enzymes for dopamine biosynthesis [19]. These
enzymes are expressed in the cephalic ganglia and ventral cords, forming a distinctive
“dopaminergic tiara” [19]. In head amputation experiments, this dopaminergic tiara first
reappears in the regenerating brain by day 3 and is fully reestablished between days
5 and 7 [19,27], indicating the robust capacity of planarians to regenerate specific neuronal
subtypes with temporal precision. Interestingly, functional studies have further demon-
strated that RNAi-mediated silencing of DjTH abolished dopamine production, reduces
locomotor activity, and attenuates methamphetamine-induced hyperkinesia, highlighting
the conserved role of dopamine in motor regulation [26]. Given that selective vulnerabil-
ity of dopaminergic neurons is a hallmark of PD, the ability of planarians to regenerate
this neuronal subtype and restore its functional circuitry provides a powerful model to
study both degeneration and regeneration of dopaminergic pathways in vivo, as will be
discussed further.

Cholinergic neurons have also been studied in D. japonica. The gene DjChAT, encod-
ing choline acetyltransferase, is essential for acetylcholine synthesis. These neurons are
distributed throughout the planarian nervous system including the brain, ventral and
optic nerves, and pharyngeal nerve plexus [26]. Pharmacological assays have shown that
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inhibition of acetylcholinesterase with physostigmine causes dose-dependent muscular
contractions, while pretreatment with the nicotinic antagonist tubecurarine delayed these
effects. These findings indicate that both nicotinic and muscarinic receptors contribute to
cholinergic regulation of planarian movement, supporting the idea that planarian choliner-
gic neurons perform functions analogous to those observed in vertebrates [26].

Although less characterized in planarians, GABAergic and serotoninergic neurons
have been identified by immunohistochemistry and by the activity of aromatic decarboxy-
lase. These neuronal populations participate in the modulation of locomotor rhythm and
behavioral responses to chemical stimuli [15]. In D. japonica, the gene encoding for glutamic
acid decarboxylase (DjGAD), required for gamma-aminobutyric acid (GABA) synthesis, is
expressed in GABAergic neurons within the brain and around the pharynx [28]. Functional
knockdown of DjGAD reduced GABA levels and disrupted negative phototaxis in planari-
ans, further supporting a conserved role for GABA in sensory-motor integration [28]. In
2013, Currie and Pearson demonstrated the critical role of two transcription factors, pitx
and lhx1/5-1, in the maintenance and regeneration of serotonergic neurons in planarians.
Through RNAi knockdown, the authors showed that these transcription factors are es-
sential for regulating the expression of multiple serotonergic markers, thus maintaining
the identity of this specific neuronal subtype. By ablating these neurons, the researchers
found that they are required for the coordinated movement of motile cilia on the ventral
epidermis, which is responsible for the planarian’s gliding locomotion [29].

Taken together, these findings indicate that planarians possess a diverse and function-
ally specialized nervous system, where distinct neuronal subtypes not only regulate specific
behaviors, but also display outstanding regenerative capacity. These properties make pla-
narians ideal to further study the mechanisms of neuronal specification, maintenance
and degeneration.

3. Origin and Putative Functions of Planarian Glia
Planarian glia share some features with mammalian glia. It has been proposed that

planarian glia envelop neuronal processes and regulate their microenvironment, because
glia-like cells have been found between brain neurons and along the VNCs sheathing axons
and commissural fibers within the neuropil of planarians using electron microscopy [18].
Planarian glia are localized in the neuropil next to hedgehog positive (hh+) neurons, and
express intermediate filament-1 (if-1), calamari (cali), and estrella, that serve as molecular
markers [30,31]. hh signaling is required to maintain cholinergic neurogenesis, which
might be essential for supporting axonal growth and synaptic activity of neurons [20].
Glial cells also express glutamine synthetase-1 (GS-1) and excitatory amino acid transporters
(slc1a-5/EAAT, GAT), suggesting a role in neurotransmitter homeostasis [30–32], although
direct experimental evidence for this function is still lacking. Planarian glia are also
thought to possess phagocytic properties, as cathepsin+ cells have been shown to engulf
Escherichia coli, with their specification occurring in a foxF-1-dependent manner [33]. The
transcription factor-encoding gene ets-1 has been identified as essential for maintenance
and regeneration of glia, as RNAi-mediated knockdown of ets-1 resulted in impaired
locomotion, disorganized nervous system architecture, and loss of cathepsin+ glial cells
within the CNS. This silencing also alters neuronal gene expression, indicating that ets-1 is
critical for the maintenance of both glia and neurons [32].

Unlike most mammalian glia, which arise from neural progenitors, planarian glia
originate from mesodermal notch-1+-phagocytic progenitors, a non-neuronal cell type [30].
Recent findings show that inhibiting notch-1 or delta-2 in S. mediterranea reduced the number
of glia cells without affecting the specification of other phagocytic cell types. These notch-1+

phagocytic cells regenerate after neurons, and the loss of delta-2-expressing neurons disrupts
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glial differentiation [34]. These results suggest that delta-2-expressing neurons promote
the differentiation of notch-1-expressing phagocytic progenitors into glial cells through
a process dependent on the Notch signaling pathway. As summarized in Table 1, these
findings suggest that some functions of planarian glia may be similar to those already
well-described in mammalian models [35–37].

Glia (cali+) cell number increases in older planarians while GABAergic and dopaminer-
gic neurons decrease in the sexual lineage of S. mediterranea [38]; however, the significance
of this remains to be studied.

Table 1. Comparison between main features of mammalian glia vs. planarian glia.

Feature Mammalian Glia Planarian Glia

Main Types Astrocytes, oligodendrocytes, microglia,
ependymal cells [39]

Glia-like cells (not fully diversified;
mostly astrocyte-like and

ependymal-like) [40]

Origin Derived from neural progenitors (radial
glia), yolk sac precursors [35,41]

Specified from notch-1-expressing
mesoderm-like phagocytic

progenitors [34]

Functions in CNS Support

Metabolic and trophic support, ion and
neurotransmitter balance, myelin
synthesis, immune response, CNS

metabolism [35–37,42]

Envelop neuronal somata/processes;
regulate neuronal

microenvironment [18]

Role in Synaptic Function
Modulate synaptic transmission,

neurotransmitter uptake (e.g., glutamate,
GABA) [43]

Express orthologs of astrocytic
transporters (slc1a-5/EAAT, GAT,
glutamine synthetase/GS-1) [30]

Immune Response Microglia as CNS-resident immune
cells [35,44] No microglia; innate immunity only [45]

Regeneration Limited (mainly in PNS, poor in
CNS) [46]

Extensive: glia-like cells participate in
CNS repair [40]

Molecular Markers

Astrocytes: GFAP, EAAT1-2, S100β
and others.

Oligodendrocytes: MBP, MAG, Olig2
and others.

Microglia: Iba1, iNOS, TNF-α and
others [35,37,47,48]

IF-1 (cytoskeletal component), cali
(unknown function), cathepsin

(lysosomal protease), estrella (unknown
function), GS-1, slc1a-5/EAAT, GAT

(neurotransmitter homeostasis) [30,31]

Role in Neurodegeneration Glial dysfunction implicated in AD, PD,
ALS, MS and others [49] Unknown

Current evidence shows that planarian glia possess a distinctive developmental origin,
unique molecular signatures and neuron–glia regulatory mechanisms through Notch
signaling, offering valuable insights into the evolutionary diversity of glial biology, as
shown in Figure 1. As a result, planarians emerge as a promising biological model for
investigating glial function, neuron–glia interactions, and their potential translational
applications. Thus, the development of novel tools and approaches are necessary to assess
the proposed functions recently attributed to planarian glia. Such efforts will be crucial
for elucidating their specific roles and to characterize neuron–glia interactions occurring
within the planarian nervous system.
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Figure 1. Origin, molecular signatures and putative functions of planarian glia. Notch1+-phagocytic
cells differentiate into glial cells, which express cathepsin, glutamine synthetase-1, excitatory amino acid
transporters, estrella, if-1, and/or cali. Current evidence suggests that planarian glia could exhibit
conserved roles compared to vertebrates including phagocytosis, neurotransmitter homeostasis and
CNS repair.

4. Planarians as a Model for Studying Neurodegenerative Diseases
Planarians display a wide repertoire of behavioral responses to environmental stimuli

that can be quantified to investigate neural function [50–52]. They respond to diverse cues
such as light, chemicals, textures, and temperature, making them amenable to simple and
robust behavioral assays. Morphological manifestations of these responses include pharynx
protrusion, body contraction or “walnut” posture, C-shaped position, screw-like hyper-
kinesia, snake-like locomotion, bridge-like positioning, and head lifting [52,53]. These
phenotypes have been interpreted as convulsion-like behavior in response to neuroactive
compounds such as apomorphine, nomifensine, sulpiride haloperidol, physostigmine,
nicotine, caffeine, cocaine, and atropine [26,52,53]. It has been shown that C-like shape,
screw-like hyperkinesia, and snake-like locomotion are a consequence of impaired neuro-
muscular control [52,53]. Furthermore, the acetylcholinesterase inhibitor physostigmine
induces sustained muscular contraction to a bridge-like posture. RNAi-mediated silencing
of genes required for cholinergic and GABAergic neuron maintenance causes abnormal
motor phenotypes including excessive contractions and inability to flip back onto the dorsal
side [20], as well as phototaxis.

Given these measurable outputs, planarians have been successfully employed as
pharmacological models of PD, a disorder characterized by the degeneration of dopamin-
ergic neurons. Exposure to mitochondrial toxins such as rotenone or MPTP (1-methyl-4-
phenyl-1,2,3,6-tetra-hydropyridine) in D. japonica induces Parkinsonian-like symptoms,
including C-shape postures and immobility, which can be ameliorated by antiparkinso-
nian drugs like talipexole and pramipexole, or caspase inhibitors [23,24]. Similarly, L-3,4-
dihydroxyphenylalanine (L-DOPA) treatment inhibits motility in D. dorotocephala, and this
effect is counteracted by a DOPA decarboxylase inhibitor [25]. Genetic approaches further
highlight conserved dopaminergic mechanisms: silencing of D. japonica dopamine trans-
porter gene DjDAT led to increased spontaneous locomotion, a hyperactivity suppressed
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by pretreatment with D1 or D2 receptor antagonists [54]. Furthermore, pharmacologi-
cal inhibition of MEK (PD98059 or U0126) causes a decrease in dopaminergic neurons,
suggesting that MEK/ERK pathway regulates dopaminergic circuits in planarians [55].
Recently, planarians of D. dorotocephala species were used to model acute seizures when
exposed to a common chemoconvulsant, pilocarpine, showing several distinct behavioral
phenotypes. Based on their results, the authors propose that pilocarpine-induced seizures
in planaria can serve as a model to evaluate antiseizure medication to aid treatment of
human epilepsy [56]. Collectively, these findings prove that planarians recapitulate key
aspects of neuronal dysfunction, positioning them as a valuable model for testing potential
therapeutic interventions.

Planarians have also emerged as a powerful tool for neurotoxicological studies, largely
due to their high sensitivity to a wide range of compounds and rapid onset of measur-
able behavioral and morphological changes [52,57]. For instance, one study established
a platform to assess the toxicity of neurotoxic agents, such as detergents and pesticides,
by evaluating the behavioral responses, regeneration capacity, and brain structure under
exposure, thereby positioning planarians as a promising system for developmental neuro-
toxicology [57]. Building upon this, the same group expanded their screening methodology
using an 87-compound library consisting of known and suspected neurotoxic compounds,
demonstrating that planarians were sensitive to all 16 pesticide compounds, known to be
toxic for mammals [58]. These findings reinforce the translational potential of planarians
for identifying neurotoxic compounds.

Importantly, these studies also highlight the possibility of quantifiable behavioral
readouts that are directly applicable to modeling neurodegenerative diseases. A commonly
used readout corresponds to the planarian locomotor velocity (pLMV) method, analogous
to rodent locomotor assay, where a single planaria is placed on a grid and the number
of lines crossed within a defined time is recorded. This assay has been used to study the
stimulant effects of taurine, a common dietary component, showing a mild effect making
use of the dopamine receptor D1 [59]. Thus, this assay allows for the comparison of
locomotor activity across experimental groups of planarians. However, a key limitation
lies in the lack of standardization, as variations in grid size and total assay time used by
different laboratories affect the reproducibility and complicate direct comparison across
studies. More sophisticated approaches include the real-time center of mass (COM) tracking,
which measures instantaneous velocity and distinguishes between locomotion modalities,
such as swimming and gliding [52,56,60]. Additionally, planarian “scrunching”, which
is a conserved gait in flatworm species and can be induced by certain noxious stimuli,
such as heat shock and amputation, has been characterized as another robust behavioral
output [52,61]. Furthermore, behaviors like thermotaxis, phototaxis, and chemotaxis have
also been shown to be dependent on neural activity and are quantifiable [50,52].

Together, these assays provide a versatile behavioral toolkit that not only strength-
ens planarians as neurotoxicology models, but also supports their use in probing motor
and sensory dysfunctions relevant to neurodegenerative diseases. Therefore, although
planarians have been used for studying brain function for a long time, they are now
re-emerging as promising models, particularly for their high-throughput and rapid experi-
mental potential [62,63].

5. Future Directions
In this review, we have highlighted diverse features of the planarian nervous system

that make these organisms a valuable model for investigating the cellular and molecu-
lar mechanisms underlying neurodegenerative and neuromuscular diseases, including
AD, PD, ALS, SMA, among others. Planarians possess neuronal subtypes comparable
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to those in mammals (cholinergic, GABAergic, and serotoninergic neurons). Although
planarian glia differ from mammalian glia in their developmental origin, arising from
mesodermal phagocytic progenitors, they share essential functions, such as supporting
neurons and controlling neurotransmitter homeostasis [64,65]. These similarities suggest
that planarians could potentially enable the study of neuron–glia interactions with transla-
tional relevance to mammalian models. While current evidence hints at the potential for
planarian glia to model aspects of neurodegenerative diseases, more research is needed to
fully understand their specific roles. We believe that one crucial area for future research is
to determine how planarian glia respond to and participate in neuronal injury and degener-
ation;, i.e., investigating how inhibition of specific planarian glial gene affects the outcome
of a Parkinson’s-like neurotoxin exposure, such as rotenone or MPTP. This would provide
direct evidence of their contribution to neurodegeneration and help clarify the non-cell
autonomous mechanisms observed in mammals conserved in planarians. Additionally,
investigating the molecular signatures of planarian glia in response to injury or diseases
could uncover novel markers or pathways involved in their pathophysiology.

On the other hand, the simplicity, small size, and compatibility with imaging and
behavioral assays, make planarians an ideal system for high-throughput drug screening
aimed at identifying compounds with therapeutic effects. Current models of neurodegener-
ative diseases, particularly mammalian ones, are often limited by their high cost and time-
consuming maintenance, which makes large-scale drug screening a significant challenge.

The broad spectrum of quantifiable behavioral responses in planarians offers a valuable
platform for advancing neurobiological and pharmacological research. These organisms dis-
play consistent and measurable reactions to diverse stimuli including light, chemicals and
temperature. Their morphological readouts or “scrunching” gait serve as reliable indicators
of altered neuromuscular function. Complementing these observations with pLMV or COM
tracking could provide valuable outcomes when modeling neurodegenerative diseases.

Future research could potentiate the quantifiable behavioral responses of planari-
ans, such as changes in locomotion or body posture, to rapidly screen vast libraries of
compounds. For example, a high-throughput screen could be designed to identify small
molecules that rescue the motor deficits in a given planarian disease model.

In addition to their neurobiological and toxicological relevance, planarians also align
with the principles of the 3Rs (replacement, reduction, and refinement) [66], making them
an ethically advantageous model for studying neurodegenerative diseases. As inverte-
brates, planarians can serve as a partial replacement for mammalian models in early-stage
drug discovery and mechanistic studies, helping to reduce the dependency on vertebrate
animals. Their small size, ease of culture, and ability to be assayed in large numbers
simultaneously enable a significant reduction in the number of mammals required for
screening and preclinical validation. Moreover, their behavioral and regenerative assays
represent a refinement over traditional vertebrate approaches, as they minimize animal
suffering while still generating reproducible and translatable data. Importantly, planarians
also facilitate medium- and high-throughput testing under standardized conditions with
computational planarian behavioral profiling [67], further enhancing reproducibility and
accelerating the discovery pipeline. These features position planarians as a cost-effective
system model for addressing the growing ethical concerns associated with high-order
biological systems, thereby complementing mammalian studies within the framework of
responsible biomedical research.

Ultimately, expanding our understanding of planarian glial biology will consolidate
their role as a powerful complementary system to mammalian models, accelerating the
discovery of conserved mechanisms and therapeutic targets that can be validated in more
complex organisms. Instead of replacing mammalian models, planarians can serve as
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an efficient first step in a research workflow. This synergistic approach would allow
researchers to benefit from the strengths of each model system to accelerate the pace of
neurodegenerative disease research and the discovery of effective treatments. Thus, by
integrating planarians into translational pipelines, future preclinical research could be
reshaped toward faster and ethically responsible approaches.
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Abbreviations
The following abbreviations are used in this manuscript:

AD Alzheimer’s disease
ALS Amyotrophic lateral sclerosis
AMD Age-related macular degeneration
cali Calamari
CBS Corticobasal syndrome
CNS Central nervous system
COM Center of mass tracking
DjAADCA Aromatic amino acid descarboxylase-like gene in Dugesia japonica
DjChAT Choline acetyltransferase gene in Dugesia japonica
DjDAT Dopamine transporter gene in Dugesia japonica
DjGAD Glutamic acid decarboxylase gene in Dugesia japonica
DjTH Tyrosine hydroxylase gene in Dugesia japonica
EAAT Excitatory amino acid transporter
FTD Frontotemporal dementia
GABA Gamma-aminobutyric acid
GAT GABA transporter
GFAP Glial fibrillary acidic protein
GS-1 Glutamine synthetase-1
HD Huntington’s disease
hh Hedgehog
if-1 Intermediate filament-1
L-DOPA L-3,4-dihydroxyphenylalanine
MAG Myelin associated glycoprotein
MBP Myelin basic protein

MEK/ERK pathway
Mitogen-activated protein kinase/Extracellular signal-regulated
kinase pathway

MPTP 1-methyl-4-phenyl-1,2,3,6-tetra-hydropyridine
MS Multiple sclerosis
MSA Multiple system atrophy
PD Parkinson’s disease
pLMV Planarian locomotor velocity
PNS Peripheral nervous system
PSP Progressive supranuclear palsy
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RNAi Ribonucleic acid interference
SMA Spinal muscular atrophy
SOD1 Superoxide dismutase 1
VNCs Ventral nerve cords
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