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750- Table 2. Summary of Compound Effects on Zebrafish Developmental Neurotoxicity.
Abstract Results - Light Of the 200 assayed, 60 had an identi LCq, between 1 and
- —Dark 500uM, 9 of those compounds resulted in significant increases in brain apoptosis/necrosis,
Ce i of i models relies on histological, ) _ whlle || compounds resulted Ir\ motility defects. Three compounds were “hits” with an
neurophysiologic, and behavioral studies that are laborious and time consuming. The RoSiie e LGy, brain is, and motility defects.
zebrafish (Danio rerio) is an attractive model for 8% — ——— —
neurotoxicity, in part due to its transparency, rapid development, and simplicity of chemical \ g 5o = e e et
delivery. ~ Previous studies at Phylonix demonstrated a high correlation between LCs Immunostaining & a0 e osal gl =
developmental neurotoxicity observed in zebrafish and findings in mammalian models (Ton Determination / 2 00 m-Dichorobenzene 489 | Negatve Negatve
etal. 2006. Birth Defects Research (Pt. A) 76: 553-567; Parng et al. 2005. Meths. Cell Biol. £ 350 ][ Nagaiv S
76: 75-85). In these studies, we characterized brain apoptosis and tail motor neuron defects e = s =
and correlated results with behavioral defects. To further establish the validity of a zebrafish ) O 24 Dichlorophenorybuteric sckd 26 | Negative. Negative
model for assessing developmental toxicity, we recently surveyed 120 environmental Figure 1.  Screening p for el H Chiordane. 75 Nogative Negatve
toxicants selected from the Voluntary Children’s Chemical Evaluation Program (VCCEP) list Compounds with an identifiable LCq, between 1 ‘and 500uM were both g Phossione 27 Negatve Negtve
and the EPA Emergency Planning and Community Rightto-Know Act (EPCRA). We subjected to apoptosis/necrosis and motility assays. Compounds that i | , W | 21 TG e yaceR k] il skl Nogs
assessed several of including: 1) lethality, 2) brain tested positive to both assays were subject to immunostaining of motor = e L
apoptosis, 3) axon tract disruption in the brain and tail, 4) motor neuron formation in the tail, neurons, axon tracts, and the catecholaminergic system. I ” || ||||||| |||||”||||| || ||||| ||||||| | ||||| Db heED 8Nt N
5) catecholaminergic neurotoxicity, and 6) motility. We identified several compounds that | Hh Coumophos 12.2 | Negative Negatve
showed effects on one or more of the neurotoxicity parameters examined and some H :::‘l:‘; ‘: ;“:l‘:’e SS:"‘;
compounds showed broad toxicity across all neuroanatomical endpoints. We also identified e o N:m N:m
that i or motor activity in day 6 zebrafish. These results I. LCy, Determination ] o gt g
combined W|th our previous research show that (he zebraf sh model has predictive value as H 2,4,5-Trchlorophenaxyacefic acid methylester 0,99 | Negative Negative.
& model for 1 (Pamg et al. 2007. J. Figure 2: LC, identification. The - e Propant i ::z::;: ::::;
Pharm. Tox. Meth. 55: 103-112). Adoption of zebrafish developmental neurotoxicity assays T LCs, of a compound was identified Figure 5. Normalized activity within each photoperiod. The motor —— 7 Tt =
can speed characterization of environmental toxicants and streamline pre-clinical drug through logistic regression, where the activity for each treatment is shown relative to 0.1% DMSO-treated controls. Copportl)sufae penanydrata 703 | Negatve Posiver
development. ~ This work was supported by National Science Foundation SBIR award # probability of a given fate (alive/dead) is Compounds that increased activity will be greater than 100% (indicated by a Chorobenzoiriuoride 341 | Negave Negatve
0548657 equal to the vertical distance dashed line), while those that decreased activity will be lower than 100%. oty oo i = e
underneath the blue line. In this For a compound to be classified has having a motor effect in our assay: 1) A f;",:t:f,::f — ;:; ::WM ::K
. examp\e for p-cresol, the whole-model two-sample T-test comparing the compound treated fish to controls in either tert-Buty pororybenzoate 228 | Negative Negatve
|ntrOdUCt|0n was significant (p<0.0001). photoperiod (light or dark) must determine the two populations are 2-methylpheno (o-cresol) 1796 | Negative. Negative
q : : - Inverse prediction based on the significantly different (P<0.05), and 2) the response of the compound treated ST 17 [ Negative Negatve
hetsconeloftadriculturaliandrindustrial’noliutants ygEvaryjyea foliomsletipoundstof regression equation gave a predicted fish must fall outside the value of the DMSO control + % the coefficient of = O —
toxic chemlca_ls are released by industrial facllmes_ and agricultural practices, much of wh!ch LCyq of 171.54M. variation of the DMSO control population. R ) e
ends up in air or groundwater; % of these chemicals are known or suspected neurotoxins - Lo e
(Schettler et al. 2000). Currently, more than 85,000 industrial chemicals are produced in the 1,1 2-rchlorosthane. 1138 | Positive Negatve.
US every year, with an additional 2000-3000 new chemicals registered each year. More Sivex 252 | Negative. Positive
than 70% of these chemicals have little or no toxicity data (Claudio et al. 2000). 1. Apoptosis / Necrosis Assay V. Secondary Im.mu‘noassays :::::"““ ‘:f :mlw. :2:::
Zebrafish as a new model for neurowxiciw: Conventional neurotoxicity Catecholaminergic Axon Tracts Motor Neurons 2 chowanine 009 [ Negaive Negatne
assessment in mammalian models using iologic, and i Neurons BRI 51| Va5 D
studies are expensive, laborious, and time oonsumlng Due to the large number of Original Invert Image Threshold é::‘::"’”"““”’ 2;:; :::::j: ::::z
compounds that require testing, a more rapid yet informative model would facilitate o s 210 | Negative ‘Negative
screening of potential toxicants. The zebrafish (Danio rerio) has previously been shown to 3 -~ hd Zincony! nirate hydrate 2966 | Negative. Negate.
be a useful model for assessing drug and developmental toxicity (Parng et al. 2002; Zhang DMSO butyaidosine 178 | Negalive ool
etal. 2003). Since the embryo is transparent and develops rapidly, visualizing development 0.1% (control) ::L’l""‘;:::mﬂmm e ey s
of the central and peripheral nervous system is possible. Behavioral assays are also being DRSS * * $ Tiophenal 19 [ Negatie EiD
developed which look at motor activity and startle response. Zebrafish assays can be Sodium selenate. 2062 | Negative. Negate.
performed relatively quickly on a large number of animals. 2nitrotoluene 1441 [ Positive Negative.
A1 2dmabonenzane 594 | Posiive Nogatve
D ing a zebrafish neurotoxicity model: To the utility isosugenol 253 | Negative Negatve.
of zebrafish screens for developmental neurotoxlclty, we initiated a pilot screen of 120 castor ol 172 | Positive Negative
environmental toxicants. We focused on lethality, ecrosis in the brain, 1 Famphur ::;";:::"”"’ M’; :::::::: :::::
as well as surveying axon tracts, motor neurons, and the catecholaminergic system. We ! bromogmi 2 Negatve Nogative
also developed a high-throughput screen for motor activity. 3.7uM ;- o ‘ o-dichlorobenzene. 175.1 | Negative. Negative.
Methoxychlor =~ propionaldenyde’ 907 | Positve Negatve
famphur 549 [ Posiive Positve.
. r o 2338 | Nogaine Negatve
Materials and methods L&} pE——
LCqy Deggrmvmatmn Zebrafish (n=20) were e?(posed by static immersion from 6-96 hours Figure 3; Morphometric analysis of apoptosisinecrosis. Zebrafish (n=5) Dimethyl « Zebrafish are to toxicity ®, in
oSt piat &l h I8, UET, Ene) 0D Y}, HIEiEh) were stained with acridine orange, and dorsal images of the brain (anterior at Bz particular neurotoxicity.
reated with 0.1% DMSO were used as conirols. Determination of LC;, values was e e e e amgir’e S ﬂuore“’scem ST S
Zcmg"p"s{'etdl (hrft“gl’.t‘ L‘;g's"chre?[ﬁss“"t‘. ”59'2?‘ ‘:MP‘ 7'01(Th? dSAS (EIETE, G (e exposure time and gain. Images were inverted and thresholded using ImageJ « While the peripheral nervous system may not show evidence of
e e T software. Positive signals were defined by particle size (in pixels) and malformation, endpoints in the central nervous system may be more
fluorescent intensity. Arrows indicate apoptotic/necrotic cells or tissue in the sensitive indicators of toxicant exposure.
osis_Determination:  Zebrafish (n=20) were exposed to selected brain. An “*" indicates the location of pigment bands that normally occur
compounds by static immersion from 6-96hpf at % LC,. ~Embryos were stained with during development. « Future research will refine secondary immunoassays and continue
acridine orange, washed, and imaged within 1 hour of staining. Quantification of Methoxychlor screening compounds to categorize the extent of neuronal malformation
fluorescence was accomplished using an inverse thresholding function and particle counting observed during toxicant exposure.
with ImageJ (NIH, Bethesda, MD). Images were analyzed for total fluorescent area above
threshold in an oval area from a line posterior to the developing nasal pits to posterior of the . .
developing ears. The medial edges of the developing eyes defined the boarders of the ’ ) |—|teratu re Clted
analyzed area. Fluorescence in compound-treated zebrafish (n=5) was compared with 1ll. Motility Assay Figure 6: Neurotoxicity nt by immt 16x images T a  yar—
control zebrafish treated with carrier (DMSO) alone. The average fluorescent area was of catecholaminergic neurons (a-tyrosine axon tracts tubulin), Neuroloscy of Enviormental Gherrcals. Toxicology and Appiied Pharmacology. 164: 1-14
i and p: between treated and controls with a two-sample T- and motor neurons (a-ZNP1), for some of the compounds studied. Dorsal images of Pawcgn é‘.ui':“""m"mTES C.. McGrath, P. 2004. Zebrafish apoptosis assays for drug discovery. Methods in
test assuming unequal variances. catecholaminergic neurons (anterior at the top) and lateral images of axon tracts and Pamg, G. Roy, NM. Ton, G, Lin, Y., McGrath, P. 2007. Neuroloicy assessment using zebrafsh. Joumal of
motor neurons (anterior to the right) were acquired. Peripheral nervous system Pam“'(‘f"“;‘:""ﬂ'x‘L‘f‘“;;ﬂxﬁ“‘ﬂ"g';:s L N prockeical modl for g sersenig
Motor Activity Assay: Zebrafish (n=15) were exposed to selected compounds by static Figure 4: Zebrafish motor devtelopment appearsblessd sensitive to en;/ilro?mental toxicants than central nervous Senotte, £S5 Do Dovlopment Techloges 14148 e Rocuitons and e
immersion from 6-144hpf at %2 LCy,. After treatment zebrafish were washed and placed into " ,}H{ activity under alternating system Pl (based on effects on neurons). Envrarmont in Horis Viay._Tons hieas to cud evsiopent. Gameridge, K. Greaer bosion
a 96-well plate. After a 1 hour period of equilibration to the testing room (under constant i i1 photoperiods. Dayjgc Ton, €, Lin, Y. Wilet, G ??m“’ziliﬂ\;: a5 a ol for developmental neurcoxicty tsting, Bifh Dofects
light), zebrafish activity was recorded over a 1 hour period consisting of alternating 10 min T 1 % i zebrafish (n=200)  were Table 1: Effects of selected compounds on secondary immunoassay endpoints. TGl o oo e o i s, Cures
photoperiods. The total distance moved each minute was recorded. E subjected to alternating periods Compound Concentration | _ Catecholaminergic | Axon Tract Toxicity | Motor Neuron Prolocols i Toxicology.John W Wiey & Sons,Inc. NY: Uni 1.7, Supplement 1
]*H. of light and dark (indicated by (uM) Neuron Toxicity Toxicity
Whole-Mount_Neuron _Immt Albino zebrafish (n=10) were exposed to black bars on the X-axis). The wfrg,‘ma"w (4 - - o . .
selected compounds by static immersion from 6-96hpf at % LCq,. 0.1% DMSO treated — switch to no lighting resulted in e e o : = For further information
zebrafish were used as controls. Axon tracts were visualized with fluorescently labeled anti- HET b4 ooy ac_tlvlty, Please contact louis.damico@phylonix.com. All studies were conducted in
acetylated tubulin (Sigma). Motor neurons were visualized with fluorescently labeled anti- : indicated by an increase in the Dimsthyl phthalate Gl - - - accordance with institutional animal care protocols consistent with the AVMA's
ZNP1 (Developmental Studies Hybridoma Bank, U. of lowa). Catecholaminergic neurons - - = = . = - | mean distance traveled/minute. Methoxyohior 37 + 2 +- panel on euthanasia. Phylonix offers a wide range of zebrafish assays for
were using fit y labeled anti-ty (Millipore/C —_— T ——'| Errorbars =+ 1 SEM. ,3“ ?u:a;e . 52 e = e drug/compound screening. Please see www.phylonix.com for more information.
entahydrate
Tribromoacetic acid 95 + = +

=PHYLONIX



