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Animal models of human neurodegenerative disease have been investigated for several decades. In recent years,
zebrafish (Danio rerio) and medaka (Oryzias latipes) have become popular in pathogenic and therapeutic studies
about human neurodegenerative diseases due to their small size, the optical clarity of embryos, their fast

development, and their suitability to large-scale therapeutic screening.

zebrafish medaka disease models neurodegenerative

| 1. Introduction

Neurodegenerative diseases are a major threat to human health. With the increase in the elderly population, these
age-dependent diseases are becoming increasingly prevalent [l. These disorders are devastating to families, and
they represent a huge burden for society. Hence, it is urgent to develop novel and more effective therapeutic
strategies to remedy these diseases. Animal models were confirmed as a useful tool to investigate the complex

mechanisms of neurodegenerative diseases.

Over the past several decades, animal models, such as mice, monkeys, dogs, pigs, fruit flies, and fish, have
contributed greatly to our understanding of the genetic basis of the cellular and molecular mechanisms behind
neurodegenerative diseases BEIAIBIE |n particular, small fish such as zebrafish (Danio rerio) and medaka
(Oryzias latipes) offer several advantages as model organisms for human neurodegenerative disease studies and
drug discovery. Due to their relatively small size and short lifespan, they require less space and are more cost-
efficient for laboratory maintenance compared with other vertebrate model organisms, such as the mouse. In
addition, they have very high fecundity, and their embryos are transparent during development, which facilitates the
non-invasive visualization of its development, and complex mechanisms of neurodegeneration can be analysed

more rapidly than in mouse and other vertebrate animal models [ZIEIEI20IL1]

Finally, drugs can be administered by intraperitoneal injection or oral gavage in adult zebrafish 22 or medaka 22!,
whereas in larvae or embryos, they are always administered by adding them to the water and drug solution 24!,
Due to their small size, they can be easily treated in the 24-well plate, 96-well plate, or 10-cm Petri dish. This
facilitates subsequent analysis of phenotypes after drug treatment. Therefore, all these characteristics make them

suitable for large-scale and high-throughput drug screening scans.
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On the other hand, the identity of nucleotide or amino acid sequences between zebrafish and human homologues
is approximately 71% 3! which is much higher than some invertebrate animal models such as roundworms
(Caenorhabditis elegans) (30-60%) 81 and fruit flies (Drosophila melanogaster) (40%) L. Notably, zebrafish
possess a vertebrate neural structural organisation, and all of the major structures are similar to the mammalian
brain. Furthermore, zebrafish also possesses a functional Blood—Brain Barrier (BBB), similar to humans 8. Many
important neurotransmitters were detected in the neurotransmitter profile of zebrafish, which is very important for

neuroscientific studies 121,

Although the zebrafish is the most widely used fish model globally, medaka is also used extensively, especially in
Europe and Asia 29, Compared with the zebrafish, the embryos of medaka tolerate a wider temperature range (4—
35 °C until the onset of heartbeat and 18-35 °C thereafter, compared to 25-33 °C in zebrafish) 12l Thijs
provides great convenience in screens for isolation of low temperature-sensitive gene mutations and the
manipulation of developmental rates 11, In addition, medaka has a long history as a genetic model system.
Therefore, a lot of inbred strains from different populations with a high degree of genetic polymorphism are
available. This facilitates the generation of high-resolution genetic maps and the genetic analysis of monogenic

traits and quantitative trait loci 211,

Therefore, all these factors make zebrafish and medaka of great value in studies of neurodegenerative diseases
(22 As a result, the publications in PubMed using zebrafish, the more popular model of the two, as the

neurodegenerative disease model increased sharply in recent years (Figure 1).
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Figure 1. Absolute number of articles for zebrafish neurodegenerative diseases modelper year of publication

extracted from the PubMed database.
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| 2. Parkinson’s Disease Models

Parkinson’s disease (PD) is one of the most common neurodegenerative diseases that affects the motor system.
Surveys, medical records, and death certificates demonstrate that the prevalence of PD has notably increased
worldwide in recent years, possibly due to the growing elderly population worldwide (2324125 The prevalence of
PD was approximately 8.52 million and the incidence was 1.02 million in 2017 globally 28, whereas approximately
0.34 million people died from PD in 2017 globally 22, It is predicted that the number of cases will reach 12 million
by 2050 [28. In spite of extensive studies that focus on the epidemiology and possible treatments of PD, its
pathogenic mechanism has not been fully elucidated, and there is still no effective therapeutic strategy to cure this
disease 29, Compared with some traditional mammal models such as mice, zebrafish and medaka have
comparative advantages for the pathological research of PD due to their short life cycles and high fecundity, which
makes them particularly suitable for large scale drug screening [24IBABLIE2] |n addition, as vertebrate species,
zebrafish and medaka have higher genetic similarity to humans than invertebrate model animals such as
roundworms and fruit flies [22I18IIA7I20] | this review, we summarize several studies of PD in zebrafish, focusing on
those published in recent years (Table 1) and several studies of PD in medaka. We discuss two main types of

models: neurotoxin-induced and genetic models.

Table 1. Zebrafish models of Parkinson’s disease.

Method Phenotype Results Reference
MPTP ) ) Reduction of locomotor activity and dopaminergic
Motor impairments and ) . ) -p g [33](34]
neuron, over-expression of synuclein in the optic [35][36]
. weakened touch sensory
induced tectum
6-OHDA _ _ . . :
Motor impairments and Reduction of dopaminergic neurons and [37](38]
anxiet morphological alternations (391201
induced 4 P f
Paraguat Motor impairments, . . .
q ) . The paraquat-treated zebrafish did not recapitulate [41]142]
various developmental [43][44]
. ) PD pathology
induced anomalies
Rotenone Motor impairments, In addition to motor impairments, they also show e
anxiety, and olfactory Olfactory dysfunction, which is a typical non-motor [47][48]
induced dysfunction symptom of PD

https://encyclopedia.pub/entry/15271 3/13



Animal Models for Human Neurodegenerative Diseases | Encyclopedia.pub

Method Phenotype Results Reference
PARK2 . : :
No abnormalities in Loss of the DA neuron numbers in the diencephalon, [49](50]
. swimming behavior whereas no abnormalities in swimming behavior
Morpholino
AL Reduction of dopaminergic neurons, dis-organized
Motor impairment and diencephalic dopaminergic neurons, and the pinkl
Morpholino; o P . ] .p E o p. (5116521
oxidative stress gene are sensitive markers of oxidative stress in
Transgenes AT
LRRK2 . .
) ) Loss of neuronal cells and synuclein aggregation, [53][54]
Motor impairment o ) [55][56]
) similar to the phenotype of PD in humans
Morpholino
PARK?7
With aging, exhibit lower TH levels, respiratory failure
[57](58]
Morpholino; Motor impairment in skeletal muscle, and lower body mass, particularly [59][60]
in the male fish
CRISPRICas9
Synuclein
Motor impairment Led to cell death in larval zebrafish sensory neurons (61]
Transgenes
GBA Reduction of the GBA protein, dopaminergic, and
Motor impairment ) ’ ’ [62](63]
noradrenergic neurons
TALEN
PARL
Motor impairment and Reduced DA neuronal population and dysregulation
Morpholino; . ) ) .p P yered [64](65]
olfactory dysfunction of the PINK1/Parkin mitophagy pathway
CRISPRICas9

1. Heemels, M.T. Neurodegenerative diseases. Nature 2016, 539, 179.

2. Gitler, A.D.; Dhillon, P.; Shorter, J. Neurodegenerative disease: Models, mechanisms, and a new
hope. Dis. Models Mech. 2017, 10, 499-502.
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I3.3erﬁdaheimmrlsl\DBgasyrm)ldettgnguez-Cueto, C.; Coates, J.R.; Peérez-Diaz, C.;
De Lago, E.; Fernadndez-Ruiz, J. Upregulation of CB2 receptors in reactive astrocytes in canine
Alzpigenerdigeash Dbty nauirseasaerbvre IsTeansy ORB PHRY IR A SERSFEERYDRCNREYPIeepgnitive
impp@NENt ebsyiogsm changes, and loss of functional abilities [SGIE7IGEIEA AD s the most prevalent form of
dementia. It is estimated that nowadays more than 50 million people worldwide have dementia, and this number is
Soombd®s Bl SNy Wimert by A S0y P0G LS e L M Ky MQgie b AR St
cas%)és%?euﬁ]fblr}lL?n%rt%IyTri?nsstm]'c%(r?%t)8t’ g Sﬁrg\(?élrw_teé',?freated, or cured. The drug discovery for AD is very
EhaBtanynd . Bo; il lexywMilitgsBrack e A Adprdntitiosin Ee 20 @3y avhed . MEaggniane TvakaippleneD . [SEEFESIY.
Inclbdjrigefeay diigs; tieayrd-appasdsd Hylth€ &ntteaktb Dely atiminatitadMEsn)|asketetahtahdre are only five
appaNBecbdege er dteve Dice asaitadfe dot tRéetreSoheR0R0AD,[BO7L. In addition, a previous study demonstrated
(B2 eSS RAHRATR! 0 COBIBSBYR R i b, 1986, Seguigt o ¢ does

B ers 2 BloG TS He RS IR o AT S 8o A g8l AD i <ebraf (Table 2)

Talttozz demal K. Agdere emdameihler Mdikissgavaves: New developments in toxicology with the
zebrafish. Toxicol. Sci. 2018, 163, 5-12.

Method Phenotype Results Reference
ase:
Amyloid-p42 Link between aging, neurogenesis,
Intracellular depositions regenerative, neuroinflammation, [Z3][74]
induced and neural stem cell plasticity )18, 9,
Cognitive and memory impairments, ner’s
Okadaic acid . . . : . .
neuroinflammation cholinergic Provide all the major molecular (75][76]
induced dysfunction, glutamate excitotoxicity, hallmarks of AD )
and mitochondrial dysfunction Jev.
Cigarette smoke » adult
extract . . Enhancement of the -820.
Neurocognitive dysfunction _ o [z8)(79]
acetylcholinesterase activity
induced nent of
cer
Aluminum
chloride Neurocognitive dysfunction, memory Impaired locomotor activity, (80] Single-
impairment learning, and memory abilities 1
induced
Copper Memory impairment Reduction of the glutathione S- &4l e and

transferase (GST) activity in the gill
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1 Method Phenotype Results Reference:gans?
induced

1 1076,
MnCl, Impairment of aversive long-term

1 Cognition and exploratory behavior memory and distance traveled B2 1, S,
induced movement time n

1 MAPT The phenotypic abnormalities at V. The

Motor impairment larval stages make it suitable for [831e4] )y human
Transgenes high-throughput screening

2 atic

PSEN1 01-310.

] ) Regulation of histaminergic neuron
y, Motor impairment
ENU- development ev.

mutagenized

2
BACE1/2 4—-278.
5 o T T e e Bacel and Bace?2 are proteases
zinc finger ) ) with different physiological 6]
nuclease; ENU- neuromasts, and abnormal pigmentation S Study
mutagenized
2 cca,

W.A.; Mielke, M.M. Survival and Causes of Death among People with Clinically Diagnosed
Synucleinopathies with Parkinsonism: A Population-Based Study. JAMA Neurol. 2017, 74, 839—
846

*.%M&émiﬂgﬂgﬁgﬁgiﬁ%.a,gﬁnmpd;m%hews, H.; Wyse, R.K.; Chen, H.; Bloem, B.R.

Parkinson Matters. J. Parkinsons Dis. 2018, 8, 495-498.
Huntington’s disease (HD) is an autosomal dominant, incurable, and fatal neurodegenerative disorder. Initially, HD

26ntibAmefs shal-e AR bt dil tha b SaMu; Bebafali, then ARRARINNo ApbRStakakdderded-body
moddlabntE.aRdsky ak;Mbrelatigtiefis ekabitplogrlssReioNAbiaRE BatiPRRIKHIRBRRE cOIRYINCRG, AGEr
dysY@RfifoHvaravwiib aisalility (Rl 3RAdIReasesERtIDRIeSHOLASR CoERIte s and tarkie igsal 8%Pansion
of ROBBIASKFHRBALAIRG YRS TRTTBaGiahRALBYrdRa I RisRASRoRIMAV 2OLEY Lances 3R, I392protein

thatlizaﬁﬁdkfﬁgsly expressed, evolutionarily conserved, and likely to be involved in many cellular processes [21](92]

27 RisHe s AheysRsesneRRaRis MR Mndslying Ealunginnsrating HADBSRS 'RPaAbBSSmpSIeunspErood:
The e . D s O, R A e S Spedic thologue
04 ortaallty for %E]Pi &ause_s c?lﬁDeat_ in ?Lrg uﬁ)untrle_zs ?n?f"a'lse_rrltorles, _1}\5%—283]7: A@ystematlcf_ .

AR e S abal Burden a1 Biftste stidy 2617 AR50 PESAgSe YPLk: (Fplyie zebrafish is

believed to be a suitable model to study the mechanisms of HD. To investigate the roles of HTT, several previous
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2&8:bRdicha WWhindEleubenden af Bawdivis ore e tkiseastHATWdisids petspeatiyeebafiseiblelopn & 1S5
71 1 Dr@28w@79revealed that HTT-deficient zebrafish had hypochromic blood because of the decrease in
2 IRSEL PP AN SEERES R RN RAERR IR e S R A ke o oence o
TR S PR R SR S TEN s AR A Rl By sreP lad R Bienah ety " &
usegif?’TEﬁﬁme HTT-deficient model, Henshall et al. reported the effects of the loss-of-function of HTT on the
developing nervous system and found obvious defects in the morphology of olfactory placode, neuromasts, and
3}ahitOal héhdSUMAER 1d TRAKE, Mstuiddi@aSHT G8hn&dia 4e80AESIN A CISRERHUERENRRREER of
teldrtpliiRprRRMH0r BV aARSepktodd eI H GO 138N 1281, Another study of the morpholino-based

TR YRR PEPSHiRlirABPFPR ARTHC SPIRIBFIHShEYERNE! (kiS) A aiBies BYgamRRI gy onal
devﬂgwagr@ém?élrw Im’, ng'l’es%_rgalrg_ement of brain ventricles. Interestingly, it was observed that the

expression of brain-derived neurotrophic factor (BDNF) was reduced. Notably, treatment of HTT-MO zebrafish
3nDSER ik SEERORSEbTE RRLKNPARSHIRRARE PRIICIRIESIS ey sy R BERISMAILESEN might
be TOMRR NG HESRn &Y 125, 25-33.
33. Barnhill, L.M.; Murata, H.; Bronstein, J.M. Studying the pathophysiology of Parkinson’s disease
In %H@r&@gm@ﬂgﬁjgﬁ@%@g‘egm,zgl:,)rgﬁsﬂ)w?ls through the transgenic technology 2819911001 Schiffer

et al. transiently expressed 102 polyglutamine repeats in the N-terminal fragment of the HTT protein fused with
3rbaB 2B b YanS Al So Wi PG PR SHRBNY SR AL RHRSERTRLG 1 R S PAMMGIAR inclusions

int ee Lz’é%Fg éﬂ ('ylmpb-lr_)%sl,EWUS‘J 'reNp(raol’(IJrlﬁjcSlr% e?nolcr)nSpozrt]ahi]' Ze5a§u_r% %“P%e HD pathology. The expression of the mutant

3BT Wastein@es ek man ilkteaShemivalraad rgenbtioanebndfish rnodedsde efefivptasischasiviafisioE e/ os.
A furdsetraenisifond dpasihdigiovieor bidgentsiatiomd rrerekon St R0RXI@Y, ad8berrant polyglutamine
? regates in zebrafish 28 The same study also found that its toxicity can be suppressed by the heat-shock
36. Sarath, B.N.; Murthy C.H.L.; Kakara,’S.; Sharma, R.; Brahmendra, S.C.V,; Idris, MM. 1-Methyl-4-
proteins Hs€40 and Hsp 0. Importantly, by the use of this HD transgenic model, twg inhibitors of the Q102-GFP

phenyl-1,2,3,6-tetrahydro-pyridine induced Parkinson’s disease In zebrafish. Proteomics 2016,

agg]r_%geﬁfﬁ%?ml\ﬂ\é% were identified, both of which are compounds of the N'-benzylidene-benzohydrazide class
(293Gb2 and 306H(53). In another study, a stable transgenic zebrafish line, which expressed a Q71-GFP fusion

SroMijayaaathpd c¥rttdNdf ik ;rhdtlossiMprd@b@y, Gvivs coasirMdiEl, Y ajeeeh AbBrlapRarmasrigy 6. ientify
noveHRdHegiemed iy idetaadishhaseaddsefyl Rakiosonehblisensetddosielfomb aparpinrsgitel opener
mindAUIosAgene EtmhNayriMathtefordAd), 3hidIGarbElBate in a cyclical MTOR-independent pathway that

SEWALTRYORIBEL VY EHEHER, 'S PAHMWBY MRIE'S-OECAONIHBIR QTR MiMErL B 0 °F e

9938715, "N'D. Identification of antiparkinsonian drugs in the 6-hydroxydopamine zebrafish model.

Pharmacol. Biochem. Behav. 2020, 189, 172828. _ _ _ _
Cre-loxP system was also sometimes used to generate conditionally inducible transgenic zebrafish to study HD.

3orLéxBimplen ateidniaX Wt Tal. SegedHanlivdiv\steasEiR prote aisRYaM SO A-tBahiead 17 amino acids
(NIGP RS EgiRResi e dadragendgniiii? ok RETSigaaling diadh wayh I E@ etk begn e Xpxiemn 204 8T LARL 7-
exddrtl 3rhat study found that, compared with the mHTT-AN17-exon1 line, fish with intact N17 and 97Q expansion

A0, R TBRTe1 e RS SBRHSRAVRIME JRLIHS VA IR AIRIGES 8P TS ORI aiPad B iae
deiffop ARYAFIRBIRTRBYSRIGEEM Al ST B PER AR SR Sengiesued IRKR ARFRRMIS1 B 71Sh 8.

Recently, a separate study treated a transgenic HD zebrafish model with a phosphodiesterase 5 (PDE5) inhibitor

4%%@%’ a?ﬁ Bl)i/ig‘%'g@&%agel‘rn; tﬁg%t%ﬁ—ﬂm %FB{&'W |%v93] cgﬁﬁﬂgﬂﬁﬁﬁg%ﬁp%w@ﬁ I?;\‘Egﬂamalities (201],

bioenergetics, dopamine system expression, and locomotor activity in zebrafish (Danio rerio).
Chemosphere 2018, 191, 106-117.
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4 5. 0ther\Neunodegenerative Digseasedodelszcorafish during the
window of dopamine neurogenesis. Toxicol. Rep. 2015, 2, 950-956.

In addition to the above studies, zebrafish and medaka were also used in the investigation of some other rare

43. B | W, n P.: Christoff, R R.; ler, L.N.; Lei E.; Kist, LW,; R
r?eurgd’(g%gr;[g?ét‘llve disg%%rsaggrh%tro’pﬁ:ic I!isfte?al’ scfero’sg?ﬁfé‘s isa néurgtljtee ’ecr%eraﬁvéséh’sease ’cﬁz(a)rggt’e'r\lﬂsed by

Vianna, M.R.; Bonan, C.D. Long-term exposure to paraquat alters behavioral parameters and
the motor neuron loss, and thus progressive muscle weaﬂrﬁess 31 eventual geaah, prlmgﬁlry [Pue to respiratory

faillﬂjr%p%mal nrﬁogv§gvgqe%9 ggnze%c rgabssfé g)l?aArlll ?E\(ra\r %2brlztg'grrglggglzt?elnﬁlén]fljé’ (}:4I'2D71|'§ %‘ hexanucleotide repeat
4eikpistidien, (HRE) Nuithesthi fiest Meorepée sheO08ariviagase AR LGk impergalr, ghh&aessien AcBrafish lines to
expGa/ aibho{ R BiRde. Ateitasdel Vecdilaidres Né AnpleadefiviittocdgnitteaimBaidiemt, Seleniécal opigntsotor
neUr@racpsatamdooed liyeiurebolyi ey thade hihafi stashdbbeNedrobinin20 18 d 210 28F104datients. Moreover,
AR TIERS RS SPIGRETS WA PRI, 19 RSSO R GRS,
onoT Y RN, ORI TR SR iSSi5RSh S LR RSB g SERREAEA Bofgl ymeciaed

SRORI SR 18 SRR CAG9CI 8 SeAgIRY The recicton of poly GA proten rescues

toxicity, indicating its potential therapeutic value to treat C9orf72 repeat expansion carriers 293, Conversely, Yeh et
48 Bt PrRoCrakdRshiBed bt Rctibleisk VaiiMarV¥e s merna. gebrafishepaykigagrusmarsielino
injebthetirede Rideasenek&iah ERcHO i tpwandR rateRRRENHNGEREE R @itb itk JarM §Fb iRisBential
mebiegrd e, @Ig&@a@th%—gathogenesis of ALS-FTD [208], Mutations in the superoxide dismutase 1 (SOD1)

45E"84Tq Werfiefiag A0S MRS SN S5l hicREN 'S A&, WIAOSPIBaYR P ISRertaiRt N ehe
wilgiee ibh & SRIBATFS Yttt/ AMIBRIdERDEaFEREY BIb I AYWr 4175 PR, RiELEHirY! it Fsb fafidiaN R rgughput
SCIRESIIGLLIISTYNeYgPHERLtyggompounds KoL

48,iMVRBR b lIar dehxtas 451 sY afleiisB N iRTIBRIRAIAR IR HIBsES [IRaRSANEHS RREHHMASN, which is
alwijRraRRicARIGehHADs DiedEnseoamlie2@hSs (AcéPrdsevious study generated a transgenic SCA type

45 GECALDalesH; VIhichaligHRs Tav npiaR 1 RaTBIeLiRth RRELRONdrialUAIRY- cdiifol MRy dbited
neyiRRIAAPOISH Aot B I BARKIFRBIFESH LRI dONRE NRA IR RRIL AR S SO Affe gis dzpatients L8, Based on

the same model, Namikawa et al. reported an SCA13-triggered cell-autonomous PC degeneration, which results in
Qe MtV QEHRRY Bodt -1 VQIARNs Krad§SIE bR A INIBE: el BARAEAMR: SaPIBIRKh model
usifts IO PRAARBAMNSIAGARHESR) e8 958 IR dRice al Ashralsh R sl BEARd in
hurr%gr%)%at]resn 3 %Plll?é_rr';]'a%zngPick type C disease (NPC). We observed the loss of Purkinje cells in the cerebella of
Sthe SaIHEN, e mEedindiset ardriie ddestini, wioToRikyierG.e.Ciexiay. @ tyPieauiathllogical character
of DwpamiNBfiic pdiledan{ageublirhed|detabilingicatv® TR indENIL kaoekttwwinvestigafis . teurolgollar

meignisos®@f AFA3—-101.

sl% a?éIClltYOhRg %pév‘ljdijsl\l gttdl(?y gséhg(rlé{te'\d/l a Eig%%ﬁefo‘dllzséa%lé li%rDJVImcl)g]e[I) ?Ar%%g%%ryi%%rgis% r(I)(? L:flrﬁ)lrg];h-resolution
mefiRY GO R8T IGRRMBIAN IO B SRR 983 Y RO T URGHR S T it NEYIOS Pl tha
thezgégm@él?xﬁ%%(%%A—/—) medaka displayed complete deficiency in GCase activity, and it showed similar
5atBimaicavhh@detyreAutatagu ngyrovadatitaeih dmRotasityhtonmereRR K2 fametioatar aysfuhiotiens
androvnerianisgeriie dpdasacuitivily. rdtefBAddaisdBiacheviveS dor Meniss 201b|ing tHO8MesiBSion of the

5patho|ogical rogression 114,
4. Prabhudesal, S.; Bensabeur, F.Z.; Abdullah, R.; Basak, |.; Baez, S.; Alves, G.; Holtzman, N.G.;

Larsen, J.P.; Mgller, S.G. LRRK2 knockdown in zebrafish causes developmental defects,
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