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ABSTRACT

While ethanol is recognised beyond doubt as a teratogen to the unbornréstesch
nevertheless continues in order to understand its mode of action and its effects at the cellular
level. The present study aimed to investigate the effect of an acute dose of ethanol on cranial
morphology and morphometry in mouse fetusessyell an themorphology, migration and
the expressiorof cell migration related genes wultured chick cranial neural crest cells
(cNCC9. Thirteenpregnant C57/BL mice were orally administered with 0.03ml/g of 25%
(v/v) ethanol daily on gestational days (G, 7 aml 8. Ten control animals received an
identical dose of salineOn GD 18, all mice dams were killed and thestutes were
removed. Fetal orphological observations and crowwmp lengths were evaluated were
mean litter sizesurvival rate, birth weighand cranial dimensionsCranial neural crest cells
(cNCCs)were cultured fromPotchefstroom koek koskages 8.0 (HH) chickembryo neural
tubes either in culture medium (DMEM) to which 0.2%, 0.3% and 0.4% ethanol (v/v)
respectively, was addetreated) or in DMEM only (controls) Wholemount HNK-1
immunocytochemistry was performed on treated and cociiok embryos, as was an assay
for caspaselependent apoptosi®hotographs were taken of the cultugesd the distance
which theneural crest cellsigratedfrom the neural tube at 2ahd 48hrs postculture was
measured 24-hr time-lapse video micrecopy recordings were also matte analyse the
migration of the neural crest celRhodaminephalloidin immunocytochemistry fahe actin
cytoskeleton amh scanning electron microscopy of surface ultrastructure were perfamed
migrating treated and netneated cNCCsas were proliferation assays and quantitative PCR
of cNCC®b-actin, Rac 1 Rho BandsluggenesThere was a statistically significant ieaise

in fetal reabsorptioas well asa significantly reduced fetal survivehte observed in newborn
mice fetuseshat had been exposed to ethainaliterocompared to control fetuseSthanot

exposed mice showed a number of abnormaliigsch were not significantly increased over



controls (p>0.5). Birth weight, cromatump length and mandibular length were also not
significantly differentin treated fetuses compared to controls (p>0l8gated (0.3%}xhick
cNCCs migrated over a significantlycieased distanca both 24hrsand48hrscompared to
controls (p<0.05) in the axes of migration that e studied.The migratory distances of
cNCCs derived fromembryonicstage 9 (HH)were markedlyaffected by treatment with
alcohol The actin cytoskeleton of treated cNCCs showed disorganisation and loss of focal
adhesion contacts whilRac 1, Rho Band slug genes were either tqggulated or down
regulated depending on the ethanol dose and duratiotveatment. Ethanol promotes
significantproliferation in cNCCs and may affect their migration by altering the expression

of migratiortlinked genes and the arrangement of the actin cytoskeleton.
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1.0INTRODUCTION

1.1 History and epidemiology of thaeratogenicity of alcohol

Ethanol has been recognized as a teratogen from medieval tim&altAsun and Warren
(2007) point out, references to the association between theff@tts of ebanol and the
unborn fetus are to be found in ancient Greek and Roman belief systems. Although, some
authors havepostulatedthat the interpretatioof these early observations wasmewhat
misplacedand premature, since paternal rather than maternal drinking was often castigated
they nevertheless acknowledge that observers in classical times reddgeitiek between
alcohol consumption and reproductigw/arner and Rosett, 1975; Sanders, 2009)he
modern era of the systematic identification of the harmful effects of prenatal ethanol
exposure on unborn fetuses arrived with the workkemfioineet al (2003)and Jones and

Smith (1973) Following these landmark publications, there has been a flurry of scientific
activity aimed at fully characterizing the social, clinical, epidemiological and molecular
aspects of the fetal alcohol syndrome (FASdneset al, 1976; Suliket al., 1981; Colangelo

and Jones, 1982; Wyntet al, 1983; Streissgutbt al, 1985; Webster and Ritchie, 1991;
Werleret al, 1991; Blader and Strahle, 1998; Goodéttal, 2005; Sulik, 2005; Yamadzt

al., 2005; Yoshinagat al, 2007; Agrawal and Lyskey, 2008; Tanguay and Reimers, 2008;
Loucks and Ahlgren, 2009)

It is now recognized that clinical FAS represents only one extreme of what has been termed
the fetal atohol spectrum disorders (FASDO)his is because researchers realized early that
the neurological and morphological effects of ethanol on unborn babies whose mothers were
alcohol abusers were by no means homogenous. Hence terminaogiesas fetal alcohol
effects FAE) (Clarren and Smith, 1978partial FAS, alcohetelated birth defects (ARBD)

and alcohcfelated neurodevelopmental disorders (ARND) have been usecsrile

variations in the phenotypic outcome of alcebgposed childrer{Calhoun and Warren,

1



2007) Phenotypically, fullydeveloped FAS isaid to be characterized by prenatal and
postnatalgrowth retardation, mental retardation, motor incoordination, altered craniofacial
features including microcephaly, micrognathia, maxillary hypoplasia, depressed nasal bridge,
narrow palpebral fissure and epicanthal folds among o(derses and Smith, 1973; Jones,
1986; Jones and Bass, 2003; Mayal, 2007; Jonest al, 2009) However, not all affected
patients exhibit these features. Indeed, there may not be any visible effects of the effect of
ethanol on babies born to alcoholic moth@vkattsonet al, 1997; Mattsoret al, 1998)
Because the datan the prevalence of the various forms of FASD have been gathered from
several sources, including population, prospectivepspective and clinal studies, the
numbers of affected individuals quoted in the literature vary. Howiaveé994 the Institute

of Medicine in the United States of America estimated the occurrence of FAS to range from
0.6 to 3 births per 1000 in most poations(The Institute of Medicine, 1996Abel (1995)
estimated an overall international prevalence of FAS as pe971000live births The
prevalence of FAS in a South African cohedsfoundby (May et al, 2000)to bel8 to 141

times greatethan these interational rates These high rates of FAS occurrenceSauth

Africa, judged to be the highest in the world, coupled with the high amount of alcohol
consumption by pregnant women in affected communities render the scientific understanding
of the factors which influence the teratogenicity of ethaaolpriority, among other
interventions aimed at containing the devastating effects of FAS on the pop(Grxford

and Viljoen, 1999; Viljoeret al, 2002; Mayet al, 2005)

One confounding factor in the search for the biological triggers that render ethanol
consumption in pregnancy fetotoxic feetfact thafull blown FAS does not occur in all cases

of prenatal ethanol abusevén in affected offspring, the severity of dysmorphic features or

neurological deficit is highly variabl€The Institute of Medicine, 1996Goodlett et al.,

2005. Sulik (2005) o bser ved that fas with other tera



frequency of alcohol consumed by the pregnant mother, as well as the stage(s) of pregnancy
during which an unborn child is exposed to alcohol, are critical in determiningattegn of
abnomal developmei@ These compl exities of ethanol s t
multi-level approachin the search for candidate mechanisms that underlie how ethanol
damages the unborn fet(Soodlettet al., 2005)

1.2 The role of neural crest cells in ethano
The study of neural crest cells (N§Qepresents oneush effort to discover the mods

action by which ethanol produces its toxic effects on fetusatero.NCCs are the principal

source of the majority of the embryonic head in vertebrates, forming cranial skeletal and soft
tissues(Horstadius, 1950; Gans and Northcutt, 1983; Cailyal, 1993;Le Douarin and
Kalchiem, 1999) These cellsare formed at the crests of the developmegpral folds In
amphibian and avian embryos, NCCs emerge from the neural tube at the time of neural tube
closure, while in mammals, emigration takes place, particularly in the cranial region, while
the neural folds are still widely opéMorris-Kay and Tan, 1987.e Douarin and Kalchiem,

1999) In particular, a distinct population of NCCs termed @hneural crest cellcNCCg,

which originate from théevel of the middiencephalicmesencephalic and rhombencephalic
segments of the neural folds up to the level of tHes@mite, migrate into the developing
nasofrontal and perioculanasses as well gharyngel arches I 4 (Grahamet al, 1996;Le

Douarin and Kalchiem,1999; Smith and Debelakragtorp, 2005) An origin in the
prosencephah for cNCCshas been proposed avian (Le Douarin and Kalchiem, 1999),
murine(Serbedzijeet al,, 1992)and rat(Matsuoet al, 1993)embryos.

The mechanisms by which NCCs segregate from the neuroepithelium have been extensively
studied, especially in the amphibian and avian moggiskinsonet al, 1995; Liemet al,

1995; Mancilla and Mayor, 1996a; Baker and BroArerser, 1997; LaBonne and Bronner

Fraser, 1998; Mayor and Aybar, 2001a; Gafastroet al, 2002; Luoet al, 2003; Basch



and BronnefFraser, 2006; Bronndfraser and S&a-Spengler, 2009)These mechanisms,
describedby Le Douarin and Kalchiem (1999) include the temporal and spatial molecular
interactions between the mesoderm and competenh@aral ectoderm, the stimulation of
crest cell epithedil-to-mesenchymal transformation, modification of delicell interactions,
permissivebreakdownof the basement membraadjacent to NCC exit regions, dissolution

of N-cadherin junctions, and the promotion of cell motility. The latter mechanism is
depenént on a host of molecular factors including members of the transforming growth
factor b family of factor s, hepatocyte groc
transcription factor PAX3 (Le Douarin and Kalchiem, 199%\fter delaminating from the
neural ectoderm, NCCs undergo a transformation from epithelial to mesenchymal
morphology and migrate over long distances inviagebrateembryo to contribute to a wide
variety of definitive structure@lescribed further in séon 1.4) ranging from the skeleton of
the head to ganglion cells of the peripheral nervous sydter@ouarin and Kalchien,999)

1.3 Actin cytoskeleton and cell ngration

The role of the actin cytoskeleton in cell migration continues to enjoy intellectual scrutiny
(Sunet al, 1995; Evangelistat al, 1997; Tapon and Hall, 1997; Weleh al, 1997; Hall,
1998; Edward=t al, 1999; Maekawat al, 1999; Gurniaket al, 2005; Maloneyet al,
2008) Two forms of actin exist in eukaryotic cells: the globular monom@raxtin and the
polymeric Factin. Gactin is nucleotiddinding and is either coupled to ATP (AT® actin)

or ADP (ADR-G-actin) (Maloneyet al, 2008) Under physiologic ionic conditions,-&kctin
spontaneously assembles int@adétinin vitro. This spontaneous polymerization is prevented
in vivo by G-actin sequestering proteir{Sun et al, 1995; Maloneyet al, 2008) which
however present @ctin to intracellular sites wheit is needed to form-&ctin. Examples of
such sites include theortical regions in yeast cellsieuronal growth cones, and the leading

edge anduffling membranes oimotile cells(Palmgreret al, 2002; Vartiaineret al, 2002)



These leading edges or cell protrusions (e.g. filopodia, lamellipaalia stessfibres) in
migrating cells consisbtf a core of actin cytoskeleton filaments that are continuously being
polymerised while their proximal ends are being depolymeriséwvelch et al, 1997;
Maloneyet al, 2008) This energydependenii t r e a d ,oupldd iwithghe activity of the
actin-binding proteins, is central to the motility of migrating cells, including neural crest cells
(Carlier et al, 1997; Gurniak et al, 2005; Maloneyet al, 2008) The expression of
intracellular actin isencoded by the ctin gens. The number of actin genes in higher
organisms varies widelyith humans havindpetween20-30, the mouse more than 20 and
the chick between four and seven actin géRest et al, 1983) There areat leastsix known
isoforms of actirin vertebratesnamelyfour d i f f e r eactin,b-taynpdacto Toege U
are encoded by the gene€PAL, ACTA2, ACTC, ACTG2,ACTB and ACTGL1 respectively
(Sparrow and Laing, 2008\While ACTC, ACTG2, ACTALl, ACTA2 are expressed in
different forms of musclécardiac, enteric, skeletal and smoptACTB and ACTG1 are
cytoplasmic actin genes and are expresdetbst uniformly in normusclecells of several
speciegKostet al, 1983;Nakajimalijima et al, 1985;Sparrow and Laing, 2008¥ince it is
known that actin gene expression is tisspecific and developmentally regulated
(Vandekerckhove and Weber, 19)st et al, 1983)and that abnormalities in actin gene
expression hae been associated with abnormalities of fibroblast cell division and motility
(Nakajimalijima et al, 1985) it would appear to be of some value to examine how ethanol
may affect actin gene expression in the highly motile and dividing cNCCs.

1.4 Cranial neural crest cell migration and fate

For decades, the migration of neural crestleis been observed by scientists in search of
clues that may explain tHeehaviour of these celis vivo. NCC migratory pathways have
beenpreviouslymappedusingimmunocytochemistry methodsat identify al40kD surfae

antigen expresed by migrating NCCsin several vertebrate species This antigenis



recognisediy the monoclonal antibody, HNKL. The ability of workers tahustrack neural
crest cell migration has contributed a great deauocurrentknowledge about the origin,
migration and fate of these ce([Buckeret al, 1984; BronneFraser, 1985; Rickmanret al.,
1985; BronnefFraser, 1986; Bronndfraser, 1987; Ericksort al, 1989; Sadaghiani and
Vielkind, 1990; Lee and Lwigale, 2008)

In the avian head, the pathwaysaingh which cNCCs migrate are related to their eventual
fate. Thus, maxillary and mandibular arygielding mesencephalic cNCCs migrate rostrally
towards the nose, then laterally into the first and second pharyngeal @reH@suarin and
Kalchiem, 1999). Orthe other hand, migration of rhombencephalic crest cells occurs in
segment al A wa v e s ophatymgealartht connpanends| apd cyaniad badglia
(Lumsdenet al, 1991; BronneFraser, 1994;Grahamet al, 1996; Le Douarin and
Kalchiem,1999. More specifically, he structureslerived from NCCsnclude the skeleton
and dermis of the hdamelanocytes, Schwann cells, ganglion cellsesfain cranial nerves
and those othe peripheraland enteric nervous systenthiromaffin cells of thesupraenal
medulla as well as components of theflow tract of the heaiBolande, 1974Dupin et al,
1993; Le Dauarin and Kalchiem1999; Trentin et al, 2004;Smith and DebelakKragtorp,
2005) It is noteworthy thatcNCCs give rise to the entire skeleton of the face
(viscerocranium), including the loose connective tissue théi@afnor and Tam, 1999 e
Douarin and Kalchieml999. The foregoing observation is of critical importance, given that
ethanol appears to target the structures of the face leading to abnormalities such as absent
philtrum, depressed nasal bridge, narrow palpeldfissure, hypognathia, agnathia,
microcephaly and midline clefts to the lip, palate or cranfulanes and Smitl1,973; Cook

et al, 1987; Sulik et al, 1988;Jones and Bass, 2003; Joregsal, 2009) Sulik (2005)

restated the pertinent fact that modern tools that are being developed to assist clinicians to



accurately diagnose FAS rely on the facial phenotype as a key component of their toolkit
(Sulik, 2005 Hoymeet al., 2005)
1.5Proposed mechanisms by which ethanol exerts its teratogenic effects
In general, reearch scientists have relied on animal models in their effort to elucidate the
underlying cellular andmolecular factors, which determine fetal outcome after prenatal
alcohol exposureusingmouse and raanimal models. To a lessextent, pig, sheep and non
human primatehave also been employed for this purp(®eckeret al, 1996; McBride and
Li, 1998; Astleyet al, 1999; Cudd, 2005However, specifically regardingNCCsand their
roeinet hanol 6s effect on cr aMakatsd)iale83;Pengtalp pear ar
2004a; Pengt al, 2004b; Yelinet al, 2007) avian(Cartwright and Smith, 1995b; Debelak
and Smith, 2000; Sat al, 2001; Gileset al, 2008; Smith, 2008and murine(Sulik et al,
1981; Van Maeld~abry et al, 1995; Duntyet al, 2002) models have been found most
suitable Each model has its own distinct advantages and disadvantages in teimasveélh
it replicates the FAS phenotyppermits access to developmental pathways saimilates
human FASBeckeret al, 1996; McBride and Li, 1998; Cudd, 2008)is accepted that no
single ani mal mo d e | wi || resolve the many
optimum approach will utilise multiple animal models to engage different questions about the
effects of ethanol on developing fetug@&xiscoll et al., 1990 Cudd, 2005
Several molecular mechanisms have been proposed to explain how ethanol exerts its effects
on the developing embry¢Goodlettet al, 2005)categorised these mechanisms into seven
broad groups as follows:

1. Disrupted cellularevents(e.g. altered glucose utilization/transport; suppression of

protein and DNA synthesis and oxidative stress).
2. Impaired cell acquisition or altered developmenialirig (e.g. altered cell cycle,

mistimed events of cell generation, migration or neurite outgrowth).



3. Altered regulation of gene expression (e.g. reduced retinoid acid signalling or effects
on other transcription factors).

4. Disrupted celcell interactions €.g. inhibition of L1 cell adhesion molecule
function).

5. Interference with growtfiactor signalling or other ceflignaling pathways.

6. Cell damage/cell death (e.g. apoptosis or oxidative stress).

7. nSecondaryo sources of damhbyposia/i¢cleemigor al t e

acetaldehyde formation).

1.6 A possible role for cranial measurements in the study of the aetiology of FAS

Sulik (2005) in her revievenumerated the most likely mechanistic routes by which ethanol
damages fetuses, including excessive death of sensitive cells, particularly those of the
telencephalic midline structures that const |
cells. Qher mechanisms explored by the latter author also included free radical damage,
perturbations to calcium ion signalling cascades and alterations to the expression of genes
such as sonic hedgeh¢ghl, Fgf-8, Paxg and the genes that code for bone morghegjc
proteins (BMP) (Sulik, 2005) Virtually all authors who have reviewed the wideging
mechanisms by which ethanol exerts its effects haveeddrewever that more work negds

be done to definghese effects more accuratéfgoodlettet al, 2005; Smith and Debelak
Kragtorp, 2005 Sulik, 2005. One such area of enquiry is the detailed definition of how
ethanol affects both hard and soft tissues of the face. Earlier workers have tended to quantify
fetal craniofacial changes attributed to ethanol by examining either slarisded of soft

tisste (Edwards and Doviedwards, 1991Suet al, 200) or radiographgGiglio et al., 1987;
HernandezGuerreroet al, 1998) Although it has been postulated that the underlying neural

crest cellderived visceral skeleton eventually determines the shape of the facial soft tissues



(Smith and DebelaKragtorp, 2005)it is still important to determine to \@hextent the soft
tissues themselves are alteredibyutero alcohol exposureHence,by measuring both the
craniofacial skedtal elements and soft tissues following prenatal ethanol exposure, new
information about the role played by alcohol in the generation of facial dysmorphologies may
come to light Another area where direct measuremanild be beneficial is the assessment

of actual distances thatcoholtreatedcNCCstravelin vitro. Apart from the work of Rovasio

and Battiato (2002), published work that detéhle distances over which these cells migrate

in situ or under culture conditiorefter exposure to ethanisl limited Measurement of such

distances may elucidate the effect of ethanat@Csmigration.

1.7 The rationale for extending some previous studies tiie effect of ethanol oncNCC
cytoskeleton

There have been some attempts to visualize the morphaitmhgctin cytoskeletoof cNCCs
after exposure to ethanol. Work bythors such ablassler and Mora(iL986a; 1986Q)Davis

et al (1990) and Rovasio and Battiat¢2002) where a combination of light and scanning
electron microscopic methods were used, were pioneering in this régeee could be
some value in reproducing the results of these earlier efforts andufing them by
accuratelydeterminingthe amount of ethanol to which cultures are exposed rather than
approximating final concentrations(Davis et al, 1990) in systems where the ethanol
concentr at i on fRowasorard Battam,i200B@reosessiicein humansthe
mildestclinical effects of ethanol commence at blood alcohol concentrati@®€) as low as
0.05% (v/v) or 110 mM, while markaghcoordination and stupor occurBAC of just under
10% ethanol (v/v) or 876M (Bryson, 1996)it is conceivable that ethanol abusers will have
blood ethanol concentrations that lie in theoxicating, but suldethalrangeof these values.

In contrast to the aforementioned authors, who exposed neural crest cell cultures to ethanol



concentations in the range of 7mW 150mM it isproposedn the present study that the
simulation of human BAC require that vitro cultures ofcNCCs be exposedto ethanol

concentrations nearer the rargfel30 mM i 860 mM (0.2%- 0.4%, V/v).

1.8 Ethanol-induced changes to neural crest cell gene expression

Regarding investigations into the possible roles of alteNdCsgene expression ithe FAS
phenotype, while current work hdecused on assessing ethammuced changes the
expression of genesmd signalling moleculehat are implicated in establishing rostaudal
identity or patterning in the embrye.g. BMP,Fgf8, msx2, Pax6,Shh slug and retinoic
acid) (Duester, 1991Grahamet al, 1993;Deltouret al, 1996;Grahamet al, 1996;Duester,
1998; Penget al, 2004b;Yelin et al, 2005; Yelin et al, 2007) genes that code for the
structure of c e lattin) and tthose kngplicated dnnthe (fuactian . of the
cytoskeleton (e.gRac lor Rho B are yet to be examined.

b-actin is theactinisoform, which upon polymeézation and subsequent assemitdyms the
principal componentf the cytoskeleton in nemuscle ceB. It is encoded by théCTB
gene.(Chhabra and dos Remedios, 200Bye to the central role playdasy actin in the
cytoskeleto of migrating cells (page 4 andb), it is important to investigate how ethanol
exposure to migrating cNCCs may modulatedkpression of the ACTBene

Closely related to acti and its function in cytoskeleton assemioil migration are the
members of theRas andRho family of GTRses, including Racl and Rho B8ther Rho
family members include Racdhd 3, Rho D and Rho G as well as Cdcd2idd G25K. All
these members share-568% identity to each oth€éHall and Nobes, 2000Thesemolecules
are of special interest becauseh ey A coupl e 1 ntr ac pathivayd tar
changes in the external Bar-Bagir anch Ha#, r2000)In o f

animal cells,Ras and Rho GTPasesgulate an overlapping set of cellular responses,
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including gene expressiongllular proliferation and actibased cell motilityBar-Sagi and
Hall, 2000) For the latter function, Rho GTPasese thought to beiyotal. Specifically,
while Rac is required at the front of the cell where it regulates actin pogatien and
membrane protusion, Rho is thought to regulate the contraction and retraction otHatces
occur in the cell body and at the r¢Raftopoulou and Hall, 2004As thedisruption of these
cellular forcesform one mechanism afthanod s t e r a (Googdletteti a, RO05) an
area of enquiryvould be valuable to explore whethie genes that code for Rho GTPases
are perturbed bin vivo ethanol exposuref cNCCs

Another gene of intese with regard to cNCC function gug Slugis a member of the Snail
zinc-finger transcription factorsThe only other known member of this family in vertebrates
is zinc (Seftonet al, 1998) In chick and amphibianr@mal modelsslugis expressed in the
primitive streak, ingressing mesodermal cells pneimigratoryneural crest cell§Mayor et
al., 1995; Mancilla and Mayor, 1996Bgftonet al, 1998; Mayor and Aybar, 2001B)hen
the expression of slugitherNCC precursors are not formed earlier stagesr formed NCCs
fail to migrate(LaBonne and Bronndfraser, 2000)Furthermore, wheeitherslug or snail
mMRNA was used to reverse the downregulatiohn slug NCC migration recovered
dramatically(Carl et al, 1999) With such a strong link between gene expressicsiugfand
NCC formation and migration, a formidable tool psovided to investigate whether ethanol
regulates thénduction of cNCCs at the level of gene expression.

Theroles o f -actin, the Rho family of GTPases and #theg transcription factors delineated
above provided the rationale for our efforts in ginesent studyo investigate whethesr not
the expression of these genes in cultieBCCsis perturbed by their exposure to ethanol

concentrations similar to those that have been implicated in human FASD.
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1.9 Aims of this study
Specifically, we set forth to accomplish the followiggns:
1. To investigatehe effect of acute administration of oral ethanosome maternal and
fetal growth indices in the mouse
2. To describehe effect ofin vitro ethanolexposureon the morphologymigrationand
cell deathof cultured chickekNCCs
3. To investigate the effect ah vitro ethanol exposuren theexpression of thé-actin,
RhoBandsluggenedderived from chiclcNCCs
4. To determine whether ethanol exerts ddependent and embryonic stadgpendent

effects onculturedcNCCsin vitro.
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2.0MATERIALS AND METHODS
Animal ethics clearance was obtained from the Animal Ethics Screening Committee of the
University of the Witwatersrand for all aspects of this project that involved the use of mice

(number 2001/65/32004/89/) and chick eggs (hnumb26005/55/120072/1).

2.1 Mice fetuses and ethanol exposure

Twenty-three adult timenmated C57BL/6J female mice were sourced from the Central
Animal Services of the University of the Witwatersrand, Johannesburg. The gestatiah perio
of the animals at the time at which they were acquired ranged between gestation days (GD) 0O
and 3, GD 0 being recorded as the date that a vaginal plug was observed in an animal. The
pregnant mice were maintained under standard laboratory conditionscaod fab chow and
water ad libitum The animals were weighed daily to assess weight gain. They were then
separated into two groups: Group 1 mice (n=13) were given 0.03 ml/g of an aqueous solution
of 25% (vol/vol) ethano{Sponget al, 2001)via an orogastric tube at 0900 h on GD 6, 7, and

8, coinciding with the period of primitive groove formation and nefola elevation and
closure in the mic§Waterman, 1976; Kaufman, 1990kroup 2 mice (controls, n=10)
received the same amount of water by the same route at the same times. In mammalian
species, neural crest cells exit the neural tube befoseire of the neural folds (Lumsden

al., 1991; Bronnefraser, 198; Le Douarin and Kalchiem, 1999). The timing of the ethanol
insult in this study was therefore aimed at neural cret aelthe time whiclihey acquire
migratory potential and starb tmigrate. Group 1 mice, due to the effects of alcohol
intoxication were unable to eat for periods of time. Hence, Group 2 mice were kept without
food and water for the duration that Group 1 mice were unable toA#ele pregnant mice

were kept withouturther treatment until GD 18 when they were killed by an intraperitoneal

injection of 0.01 ml/g of Euthanase®yron Laboratories, Johannesburg)
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Fetuses were removed from the mice and the number of live, dead, or reabsorbed fetuses was
noted. Mean litte size was determined and the percent reabsorptions calculated using the
total number of fetuses (live, dead, and reabsorbed) as the denominator. Fetal survival rate
was calculated as the percentage live fetuses divided by the total. The live fetuses were
weighed and their crowrump lengths were measured with a standard vernier caliper. The
detailed morphological appearance of the mice fetuses was studied under a stereomicroscope.
In particular, the fetuses were checked for the presence or absence affacrahi
abnormalities such as cleft lip or palate, hypognathia or agnathia, anophthalmia, absent
philtrum, and other previously reported anomalies said to occur in the head of children
suffering from FAS(Chernoff, 1977 Sulik et al, 1981) All animals were photographed in

the left lateral position using a stereomicroscope with an attached image analyzer (Nikon
SMZ 1500Nikon, Japah All photographs wer¢aken at the same vertical height from the
microscope objective using the same magnification.

From the digital photographs, the ltisking measurements were takafter Giglio et al,

(1987; Ward(1989; Brown (1990; HernandezGuerreroet al (1998):

e Verticoomental length (VML)- defined as the perpendiculdistance between two
parallel lines, each at 45° to the horizontal, with one line at the vertex of the fetus and
the other at the mental protuberance (Fig. 1A).

e Maxillary length was defined as the horizontal distance between two vertical lines,
with one lne at the most anterior part of the maxilla and the other at the maxillary
skin crease (Fig. 1B).

e Mandibular length (MANL) was defined as the horizontal distance between the most
anterior part of the mandible and the junction between the mandible am#dke

(Fig. 1B).
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Fig.1 A & B. A. Measurement of vertiemental length (VML). B. easurement of
maxillary length (MAXL) and mandibular length (MANL)

Animals with gross head and face deformities, or those where the maxillary or cervical
landmarkscould not be ascertained with confidence, were not measured. Measurements were
carried out using the Corel Drwsoftware program. This program has vector analysis
capability and is designed to convert the measured digital distance into actual distangces us

the appropriate scale. All measurements were taken at two different times, 24 h apart and the
obtained data verified usi ng Linds coef fi
repeatability (Appendix). The measurements were then analyzed for stafisignificance

using the Microsoft Exc&lcomputer program, where B:95 was considered as significant.
2.1.1Determination of blood ethanol concentration

To address concerns about blood ethanol concentrations and the possible effect of this on

feeding patterns and nutrition in maternal mice, an additional group of 11 pregnant
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C57BL/J dams consisting of six ethatiet! and five control animals were similarly treated in

all respects to the initial 23 dams in the main study. Daily food intake wagared in these

11 dams by subtracting the weight of the lab chow remaining in the feeding trough at 08h00
each morning from the weight of the food given the previous morning. Furthermore, blood
samples were withdrawn from the tail veins of all mice@t&0, 90, and 120 min after an
orogastric feed of either ethanol or water. The samples were collected in Modulohm Vitrex©
plain micro hematocrit capillary tubes and immediately placed on ice. All samples were then
frozen at-70 °C until analyzed for ethahconcentration.

Blood ethanol concentration (BEC) was determined as follows: T40{0of whole blood
obtained from mice, 4@0 pl of distilled water in 0.5 ml UltrafreBIC® Millipore centrifuge

tubes (Amicon bioseparations) were added. This achievedtiahvolume of 80 ml to which

an additional 80 ml of 0.1% propanol solution in water was added, yielding a final volume of
160 ml. This was centrifuged for 30 min at 13,000 rotations per minute at a temperature of 10
°C in Mikro 22F centrifuge machire (Hettich/Zentrifugen). Five microlitres of the ultra
filtrate were then analyzed in a 5890A gas chromatograph (Hewlett Packard), which was
attached to an SP4290 integrator (Spektngsics). BECs were determined from the areas
that each sample produced comparison to standard curves previously obtained by
analyzing solutions of known ethanol/propanol mixtur&amples were analysed in

duplicates and mean values were recorded after correctidiiuton.

2.1.2 Skeletal staining

A total of 14 fetuses from dams to which ethanol had been administered and 14 fetuses from
control mice were used for skeletal staining by the Alizarin red S acidmBlue method
modified from the method described Byenegolaet al (2001) Immediately after extraction

from maternal deciduas, fetuses were left immersed in tap water overnight to macerate the
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skin. They verethen skinned, eviscerated, and placednaad staining solutiofor 24hrs at
room temperature, after which they wetehydratd in 96% ethanol for at leashi®. The
fetuses werethen placed in a basic staining solution f8h# at room temperature to allow
muscle maceratiorollowing this, he fetises werelearedand hardened by placirigemin
a cleaning solution fort8s. Finally, they werepreserved in a 1:1 mixture of glycerin and
70% ethanol solution. All the solutions used were prepared as described by Meategola
(2001) Appendix Q. Representative fetahmples were photographed as described earlier.
Results from the work undertaken in section 2.1 have been published in the jdootedl

(AppendixB).

2.2 Chick embryos and ethanol exposure

The avian embryo is widely recognized as a good model for developmental studies,
particularly for the experimental visualization and manipulation of neural crest(tells
Douarin and Kalchienml.999; Le Douarin, 2004; Stern, 2005his animal model has proved

to be more accessible o vitro culture ofneural crest cellSNCC9 in our laboratory, and

there exists a significant amount of experience in the successful use of the chick as a model
animal for experimental manipulations. Furthermore, considerably more work in the vast area
of neural crest biology has been publisheagsvian rather than murine models. Therefore,
since the neuratrest is the focus of this studynd for the foregoing reasons, the chick
embryo was chosen as the animal model forithatro section of this work. Embryos aged
betweenstages 8.0 Hamburgr and HamiltonHamburger and Hamilton, 1992)H) were

used throughout this study because at those embryonic stages, the chick neural folds begin to
fuse and cranial neural crestlseémigrate from the neural tube (Lumsdanal, 1991; Le

Douarin and Kalchiem, 1999).
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2.2.1 Whole mount HNK-1 antibody labeling of chick embryos forvisualizing neural

crest cells

Fertile chick eggs of a South African straPofchefstroom koekoglere obtained from the
National Health Laboratory Service. They were incubated at 37°C and 80% humidity for 36
hours. The eggs were then swabbed with 70% alcohol and broken into egg dishes containing
previously sterilized chick Ringeolution(AppendixD), under aseptic conditionghe chid
blastoderm was visualizethe embryowas stagedandthe blastoderm excised off the yolk

and transferred into a 35mm Nunc culture diSlr(clon Denmark) containing either chick
Ringer solution (control, n=6) or chik ringer containing 0.2% or 0.4% v/v ethanol (n=6
each)(Davis et al, 1990; Deltouret al, 1996 Penget al, 2004l). The intact blastoderrof
eachembryowasincubated at 37°C and 5% @@ air in ahumidified incubator (Labcon,

South Africa) for three hours, after which they were fixed overnight in 3% paraformaldehyde
solution in PBS. Three hours was chosen as the duration of ethanol exposure in order to
simulate the conditions in which embryos are exposed to maternal binge alcohol consumption
(Bonthius and West, 1990)

Following fixation, the embryos were washed twice in PBS containing 0.5% bovine serum
albumin (BSA), and then permeabilized with 0.1% Trto6-100 in PBS for 20 minutes

while rocking gently. Permeabilization was followed by incubatuith the primary antibody
HNK-1 (monoclonal antibody, Sigma), diluted 1:50 with 0.5% BSA and 0.5% TFrixo00

in PBS. The primary antibody was substituted with PBS in the embryos which served as
negative controls. Incubation took place overnight at 4@ following day, the embryos

were washed in 0.5% BSA in PBS twice for 20 minutes each, after which they were
incubated in secondary (geattrmouse) antibody diluted 1:200 in 0.5% BSA at room

temperature in a humidified chamber for one hour, while nackine containers gently. The
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antigepant i body reaction was then visuali-zed by
diaminobenzidine solution (DAB, Sigma) for exactly 5 minutes each, timed exactly. All
embryos were washed twice in 0.5% BSA in PBStier duration of 20 minutes each, after

which they were placed in PBS and observed with a Zeiss 1lghdSe contrasthicroscope

using the X4 phase contrast objective. Representative embryos were digitally photographed

(Olympus) and the photographs storeecgionically.

2.2.2Chick neural crest cellin vitro culture

Fertile Potchefstroom koekoekick eggs were obtained, incubated and prepasetescribed
previously (Section 2.2)1 From these embryos the neural tubes weteised from mid
diencephalorio the level of thdifth somite. These levels yield cranial neural crest cells that
contribute to the facial skeleton and soft tissues of the head of vertebrat@syaen and
Kalchiem, 1999). The neural tubes were placed in a glass container to avtiddv%
collagenase (Sigma) solution was added. The explants were incubated for at least 30 minutes
at 21°C. After this, the collagenase was removed and the neural tube explants were placed in
chick Ringer and dissected freeafy somites, notochord, epelium and other membranes

that remainedto yield only neural tubeexplants. These explants were then placed either on

to coverslips or within fouwell Nunc culture dishesNunclon Denmark) which had been
previously coated with 2.5% fibronect{®igma) (Appendix D and incubated at 37°C for

one hour.

The neural tube explants were divided into four groups comprising three groups of-ethanol
treated (experimental) explants and one group of control (untreated) explants. The ethanol
treated explants were cultured in Nunc culture dishiem¢lon Denmark) cataining 0.2%,

0.3% or 0.4% vlv ethanokspectivelf n=25 each) made wup in Dul be

medium (DMEM) (Gilwo, South Africa), while the control group (n=25) was cultured in
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Nunc dishes with DMEM only. The cultures were maintained at 3i°&€ 5% Ce in air
humidified incubatorfor six days of continuous culture, with medium changes (and fresh
ethanol treatment for the treatment group) taking place at intervals of 48hrs. All cultures were
observed on a phase contrast inverted microscopanfidis) and digitally photographed

daily (Olympus). Photographs were stored electronically for further analysis.

2.2.3Determination of the ethanol concentration of the culture medium
To ensure that the ethanol concentration in the etHasated groupsemained constant,
ethanol contents were determined at 24 hrs and -#od8 intervals on selected cultures,
using the K620 Ethanol Assay Kit(Biovision California, USA). Prior to the ethanol assay,
a Reaction Mi% was prepared from reagents suppliethim Assay Kit as follows:
6 ¢l Ethan®l Assay Buffer

z : E t h®ftomwhich 2ROUIDMBO* was previously added)

Et h an d°l(to vhichz220pd ©M3Oi was previously added)
otal = 50pIReaction MiX

—AINN Db~

*DMSO = Dimethylsulphoxide

The Reaction Nk was prepared in multiples of the number of samples required, including

those used to prepare the standard curve. All samples and standard curve preparations were
made uptoavolumeof8d , bringing the total assay unit
The standard curve \wsgrepared by mixing 1 . 7 ¢ | (9.2 mg) of pur e €

988. 3¢l of t he “Etnhda nnoilx eAds swaeyl | B u f1f Oeerl of the

990c¢l of the Et°hH@nogenkssady Rufnfmeorl / ¢l of et
volumes ofté di | ut ed et hanol standard (0, 4 8,

individual wells of a Falcoh90-well micro plate andthe ol ume adj usted to
with Assay Buffer to generate the amount of 0, 8, 16, 24, 32, 40 nmol per well oflethano
standard . Samples of the medium from 0.2%, 0.3% and 0.4% etheaield neural crest

cultures were pipetted into designated wells in the8D micro plate in known dilutions, up
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to a maxi mum of 50¢l, to each oik Theheactdm wa s
was then incubated in the dark for 60 minutes, after which the optical density (OD) was read
at 570nm in a spectrophotometer. After correcting for the background reading by subtracting
the OD of the zero ethanol standard preparation frdimthe readings, the ethanol
concentration of the samples was calculated from their value on the standard curve,
multiplied by the dilution factors in the following equation:

C = Sa/Sv nmol/ul (or mM)

Where

Sa = sample amount from the standard Curve [pmo

Sv = sample volume added into the sample well (ul).

Ethanol determination of the samples was done in triplicates.

2.3.Measurement of chick cranial neural crest cell migratory distances

The distance migrated by chichNCCsfrom the neural tube in both the control and treated
cultures was measured using the Corel Drasoftware programme. The method of
measurement used was adapted from that previously described by Rovasio and Battiato
(2002). While these aforementioned authosed advanced computer software to measure the
area, perimeter, Acompactnesso, #dAcurvilinear
the linear distance was measured in the present work. Furthermore, while Rovasio and
Battiato (2002) used theentre of the neural tube as their reference to determine the linear
distance migrated bgNCCs the lateral edge of the neural tube was employed in this study,

as we found that this edge was wadifined, clearly visualized and was a more reliable

refererce point than the centre of the neural tube. After accurately calibrating the software,
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photographs of control and ethattidated cultures were subjected toage analysis as

follows (Fig. 9: Two axes were defined, parallel (x) and perpendicular (y)edang axis of

Fig. 2 A & B. Measurement of migratory distance in the y axis (A) and x axis

(B). NT, neural tube; NC, neural crest cells (Olympus stereomicroscope X4(
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anexplanted neural tube. Cells that were farthest from a line drawn to coincide with the edge
of the neural tube in these two axes were identified as being at the migratory front of
migrating crest cells. An arc was drawn to mark this migratory front (Roweesl Battiato,

2002). A line was then drawn from the edge of the neural tube to meet the centre of this arc.
This was taken as the distance of migration in that particular axis. While the distance
migrated by cells emerging from both sides of the nduks was measured in this way, the
greater value of the two sides was chosen as the distance of migration. In strict mathematical
terms, the value obtained for o6distanced of
6di spl ace me n tagnjtudéhaad/diractopn if spacd It ima vector quafittyran

and Lavelle, 2004)A mathematical operation was therefore carried out to obtain a value,
whose magnitude would be a sum of thspthcements in the-xand y axes and whose
direction would be 45° to either ax{Spiegel, 1959Matthews, 1998Horan and Lavelle,

2009. This new val ue, which was defined as
indication of the outer limit at 45° from the x and y axes of the explanted neural tube, at
which migratingcNCCscould be located.

Two categorief measurements were made. First, the distance migrated by control and
ethanoltreated neural crest cells was measured without regard to the Hamburger and
Hamilton (1992) (HH) embryonic stage of the embryos from which they were derived. For
this categorypnly the broad groups of control and the different concentrations of ethanol
treated cultures were taken into accounsegond set of measurements wale by further
separating control and ethartcdatedcNCCscultures into the HH stage at which their source
embryo (and neural tube) was obtained. This was done so as to take into account any possible
effect oncNCCsmigration, of developmental cues programmed into the cells at specific HH
stages (Lumsdeet al, 1991). The numbers of cultures measured for the first category are as

follows: 24hr control cultures: n=26; etharicdated cultures: (0.2%, n=13, 0.3%, n=10 and
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0.4%, n=24 respectively®8hr control cultures: n=15; ethartotated cultures: (0.2%, n=9;
0.3%, n=6 and 0.4%, n=10 respectively). For the sspgeific cultures, the numbers were as
follows: HH stage 8, 24hr cultures control: n=6; ethanehted cultures: (0.2%, n=6, 0.3%,

n=6 and 0.4%, n=6 respectively). HH stage 9, 24hr cultures contr6|: ethanolreated
cultures: (0.2%, n=6, 0.3%, n=6 and 0.4%, n=6 respectively). HH stage 10, 24hr cultures
control: n=6; ethanetireated cultures: (0.2%, n=6, 0.3%, n=6 and 0.4%, n=6 respectively).
HH stage 8, 48hr control cultures: n=6; ethameated cliures: (0.2%, n=6, 0.3%, n=6 and
0.4%, n=6 respectively). HH stage 9, 48hr cultures control: n=6; ethr@atéd cultures:
(0.2%, n=6, 0.3%, n=6 and 0.4%, n=6 respectively). HH stage 10, 48hr cultures control: n=6;
ethanoltreated cultures: (0.2%, n=6,.3%, n=6 and 0.4%, n=6 respectively).The
measurements were repeated and validated using the Lin coefficient of concordance (Lin,

1989) as described earlier.

2.4 Cranial neural crest cell (cNCC)Proliferation Assay

Primary cultures of control and etharicdated cNCE& which had been culturedn cover
slipswere harvested at 24hrs (control n=4 cultures; etheated0.2%, 0.3% and 0.4% v/v

n= 4 cultures each) arat 48hrs (control n=4 cultures; ethartekated0.2%, 0.3% and 0.4%

v/iv n= 4 cultures each) respectively. Following fixation in 70% ethanol, all cultures of
cNCGs wereimmunostained using the protocol for tReoliferating Cell Nuclear Antigen
(PCNA) BioAssayE Kit (US Appedid B.ghecPLNAsisa Mas s a
nuclear antigen that iwidely used to identifyreplicating cells (Connolly andBogdanffy,
1993; Dietrich, 1993; Kubbeet al, 1994; Kurkiet al, 1988; Leunget al, 2005; Ahlgren,
2008) After immunostainingall cultures (on cover slips) were covered with Histomount®
(US Biologicals, Massachusettgnd inverted on to slides, preparatory to microscopy.

Control and ethanedlreated cultures were visualized at hgbwer magnification usinghe
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Zeiss Axioscope®nicroscope (Zeiss, Germangjtached to &ikon imageanalysissystem
(Nikon, Japan)Six representative images were captured for each culture by advancing the
mounting stage of the microscope systematically (vertically or horizontally) through six
consective fields of view. The images were then analysed using the Image J software
(National Institutesof Health, USA). IBr each(control or ethanetreated) samplethe
number of PCNApositive cells wasounted as was the number of PGNégative cells.

The number of PCN#Aositive cNCCs was theexpressed as a percentage of the total
number of cells This was regarded ake mitotic index(MI). The averageMl was then
calculated for control an@.2%, 0.3% and 0.4% v/gthanoltreated cellgespectively Cell
counts were validated wusi ng(Lint h989)ak desodled coef f
earlier. Statistical analysis was performed using the MS Excs@fiware, with &tistical

significancebeingsetat p<0.05.

2.5 Time-lapse video microscopy of migrating chick cranial neural crest cells

Time-lapse video microscopic recordings of the migration of control and ethraatéd
cranial neural crest cells were madsing the Zeiss Axiovisid® 4.5, 2005 softwareto
visualize dynamic aspects of cNCC migration, not available from still photographs (Rovasio
and Battiatp2002). Three control and six ethantreated cultures of HH stagel® cNCCs
(0.2% v/v ethanetreated, n=3; 0.4% v/v ethanwkated, n=3) were recorded. After culturing
the chick neural crest cells as descridviously selected cultures were placed in an
incubator mounted over a Zeiss AxioscOp@verted phase contrast microscope. The
humidified incubator is constructed inush a way that temperature was maintained at 37°C
and CQ concentration was maintained at 5% in air. Digital images of cultures were captured

continuously at 30 minute intervals, and recordings were made over 24 hours using the
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multichannel camera setting$ the video microscope. The images were fed to a computer

connected to the video microscope and stored for further angbgssAppendix H).

2.6 Observation of the actin cytoskeleton of chick cranial neural crest cells

Morphology of the actin cytoskeleton of the control (n=10) and ethagaied (n=10 each

for 0.2%, 0.3% and 0.4% v/v concentratia@CCsof stages & 10 HH was studied by
RhodaminePhalloidir immunofluorescence (Molecular Probes). Control and ethanol
treated cells were fixed in 3.7% formaldehyde solution made up in phosphate buffered saline,
pH 7.4 (PBS) Appendix D for 30 minutes at room temperature. The fixed cells were then
washed twice for 20 minutes each with PBS, and then permeabilized withTeitb¥s X-

100 in PBS for 20 minutes while rocking the cultures gently. Permeabilization was followed
by incubation with primary antibody (HNK monoclonal antibody, Sigma), diluted 1:50
with 0.5% BSA and 0.5% TrithX-100 in PBS for one hour at room temgere in a
humidified chamber. The cultures were then washed in 0.5% BSA in PBS twice for 20
minutes each. After this, the cultures were incubated in secondaryafgeatouse) antibody
diluted 1:200 in 0.5% BSA at room temperature in a humidified chafobene hour, while
rocking the cultures gently. This was immediately followed by incubation of individual
cul t ur e s-diamindbénzidihe sol8tion (DAB, Sigma) for 5 minutes each. Following
incubation with DAB, the cultures were washed twice iIf/®BSA, diluted in PBS for 20
minutes each. They were then incubated in 5pl Rhodasfihalloidir® antibody (Molecular
Probes) diluted 1:200 in PBS for 20 minutes at room temperature in a damp chamber. Finally,
the cultures were washed twice in PBS for fimmutes and preserved in PBS for subsequent
observation on a Zeiss AxioscSpuorescence microscope. Representative cultures were

photographed.
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2.7 Scanning electron microscopy of chick cranial neural crest cells

High-resolution ultrastructure of thgurface features of migrating celts cells in culture

have been shown to illuminate functional changes occurring within those(Ge#lg and
Whittaker, 1962; Bowmaet al, 1983;Rovasio and Battiato, 2002; Thaptal, 2003) To
investigate the ultrastructurtdatures of cNCCswhich have been exposed to ethamovitro,

cranial neural cest cellsfrom chick embryosat stages 8 10 (HH) were cltured as
described in Section.22. After removing the culture medium, the cultured neural crest cells
were fixed for four hours in 2.5%lutaraldehyde made up in phosphate buffer. Cultures were
then rinsed in PBS for 10 minutes, after which they were-fipest in 1% osmium tetroxide

in PBS for 1 hour. Cultures were rinsed in two changes of PBS for 10 minutes each. This was
followed by delydration in a graded alcohol series, for 15 minutes each after which the cells
were critical-point dried with liquid CQ in an HPC2 critical point dryer Kitachi, Japan)
Samples were mounted on to stubs, then sputter coated with gold and palladdim,
examined at 20 kV in a JSM 840 scanning electron microscope (JEikyp, Japan)The
surface ultrastructure of ethariobated and untreated neural crest cells were then observed
under a scanning electron microscope (JEOL 840, Japan). The numbers of aodtro
ethanoltreated neural crest cell cultures processed for scanning electron microscopy are

summarized in Table 1.
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Table 1. Neural crest culturasilisedfor scanning electron microscopy

Cultures* 8HH (n) 9HH (n) 10HH (n) Total (n)
Control 18 18 18 54
0.2% 18 18 18 54
0.3% 18 18 18 54
0.4% 18 18 18 54

Total 72 72 72 216

*HH number refers to the Hamburger and Hamil@®92) stage of the embryo from which
the neural tube (and neural crest cells) was derived.

2.8 Determination of apoptosis

Apoptosis was determined in cultured neural crest cells using th80KCaspGLOW™
Fluorescein Caspase Staining Kit (Biovision California, USAe assay utilizes the caspase
family inhibitor VAD-FMK® conjugated to FITC (FIT&/AD-FMK®) as a marker. FITC
VAD-FMK® is cell permeable, netoxic, and irreversibly binds to activated caspases in
apoptotic cells. The FITC label allows for direct detection of the activated caspases in
apoptotic cells by fluoregnce microscopy.

Insect pins were used to remove neural tubes from control (n=6) and experimental (n= 6 for
each 0f0.2%, 0.3% and 0.4% v/v etharobated) cultures, following which the remaining
neural crest cells were trypsinised in 300ul of 0.25%diryger culture well for 5 minutes.

The trypsin was then neutralised with an equal volume of 5% horse serum. The contents of
each well were aliquoted into 1.5ml eppendorf tubes and 1pl of MAD-FMK® was

added into each tube. A negative control was tustl by adding 1pl of horse serum to a
tube containing untreated cells to allow for determination of background fluorescence. All the
eppendorf tubes containing treated, untreated and negative control cells were then incubated
at 37°C for 1 hour in a 5%@; in air incubator. After incubation, the tubes were centrifuged

at 3000rpm for 5 minutes. The supernatant was carefully pipetted off and the cells were
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resuspended in 500l of wash buffer and again centrifuged for 5 minutes at 3000rpm. After
removing thesupernatant, each sample was resuspended in 100ul of wash buffer. One drop
(42001) of this sample was placed ofdhet o a
samples were then observed for fluorescence using a Zeiss AxiBsepgituorescence
microscope usingraFITC filter. Caspase positive cells were expected to have brighter green
signals, whereas caspase negative control cells should show much weaker signals.
Photographs of control and treated samples were digitally captured. These photographs w
then used to quantify and compare apoptosis between control and etkpostéd samples.
Phasecontrast and fluorescent images of the same microscopic fields were compared with
each other and the number @fiCCsthat were fluorescent (apoptotic) was expressed as a
percentage of the total number @ICCsfor control cells (n = 6 fields of view) and cells
exposed to 0.2% ethanol (v/v) (n = 6 fields of view) and 0.4% ethanol (v/v) (n = 6 fields of

view).

2.9RNA extraction

RNA was extracted from 48 control and experimental cultures of neural crest cells, using the
RNeasy® Micro kit (Qiagen, South Africa), as follows: Conffiot6) and ethanetreated

(n=6 for each of 0.2%, 0.3% and 0.4% v/v ethanol solutaityres were harvested at 24hrs
(Total n=29 and 48hrsTotal n=24). The ethanetreated samples had been cultured in 0.2%,
0.3% and 0.4% v/v ethanol solutions in DMEM, while the controls were cultured in DMEM
alone. Each culture was trypsinized with 200ul a233%6 trypsin solution in PBS for 20
minutes at 37°C. The trypsinization was stopped with an equal volume of DMEM. The cell
suspension was pipetted into a 1.5ul Nutube and centrifuged at 2000 rpm for 10 minutes

in Mikro 22R° centrifuge machines (Hettitkentrifugen). The supernatant was decanted and

the cell pellet resuspended in 750 pl of RNA extraction buffer.
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Total RNA was extracted from the harvested and washed neural crest cells (described above)

using the RNeasy® Micro kit (Qiagen, South Africag,follows:
The neural crest suspension (above) was centrifuged at 2000rpm for 10 minutes in a Mikro
22R° centrifuge machine (Hettich/Zentrifugen), and then resuspended in 750ul of buffer

RLTE (Qiagen, S o ut h-médaptdetbamgl had loeadded.iLysis and O |

homogenization of the suspended cells was accomplished by transferring each sample into a

QI'A shredder Spin ColumnE ( Qi agcenrifugedSatut h
maximum speed (Hermle Z 229, Zeiss West Germany) for 2 minuteshdrhegenate was

then transferred into a new 2ml collection tube, to which 750ul of 70% ethanol was added to
precipitate any remaining DNA or proteins. The homogenate was now placed into an
RNeasy MiniElute Spin Column (Qiagen, South Africa) and centrifugedhaximum speed
(Hermle Z 229, Zeiss West Germany) for 15 seconds. Thetflomugh was discarded and

700 pl of buffer RWT (Qiagen, South Africa) was added. The lysate was ruentrifuged
(Hermle Z 229, Zeiss West Germany) for 15 seconds, pourea inéav 2ml collection tube

and 500 pl of buffer RPE(Qiagen, South Africa) was added to the spin column for washing.
The spin column was mictcentrifuged for 15 seconds at maximal speed (Hermle Z 229,
Zeiss West Germany) and 500 pl of 80% ethanol wasddtleis was centrifuged for 2
minutes to dry the column, following which both the outflow and 2ml collection tube were
discarded. Finally, the RNE&$yMiniElute Spin Column (Qiagen, South Africa) was
transferred into a new 1.5ml previously autoclaved eppdriube, and the RNA eluted from

the Spin Column by adding 50ul of RNAfee water to the column and miecentrifuging

for 2 minutes. The yield and purity of the total RNA was determined using the Diepd
spectrphotometer, Series NDOO Appendix H. The RNA samples were then stored at

70°C, preparatory to reverse transcription.
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2.10Reverse Transcription

RNA was revers#ranscribed using the Transcriptor High Fidelity cDNA Synthesis Kit
(Roche, Germany). Standartesle and RNAsdree protocols, according tche Minimum
Information for Publication of Quantitative ReBilme PCR Experiments (MIQEBustin,

2002; Fleige and Pfaffl, 2006; Bustet al, 2009) were maintained at all times and all
reagents were thawed before use and kept on ice during the procedure. Previously autoclaved,

thin-walled PCR tubes were used to mix the reagents.

Reactions were set up as follows (Table 2):

Table 2. Setip of templateprimer mixture for reverse transcription

Component Volume Final Concentration

Total RNA variable 50ng

Random Hexamer 2ul 60uM

Water variable To make up volume=11.4u
Total 11.4ul

The resulting templatprimer mixture was denatured by heating at 65°C for 10min in a block
cycler with a heated lid (to minimize evaporation). This step ensures denaturation of RNA
secondary structures. After denaturation, the mixture was immedieteled on ice,

followed by the addition of the following reagents in the order listed below (Table 3):

Table 3. Reagents used to synthesize cDNA (Reverse Transcription)

Component Volume Final Concentration
Reverse transcriptag 4ul 1X

reaction buffer, 5X

RNase Inhibitor 0.5ul 20U
Deoxynucleotide  (dNTP| 2ul 1mM each

mix

DTT 1ul 5mM

Reverse Transcriptase 1.1ul 10U

Final Volume 20ul

The reagents were mixed carefully in the PCR tube and placed in a block cycler with a heated

lid. The reactionwas then incubated at 55°C for 40min, following whidte tReverse
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Transcriptase waisiactivated at 85°C for 5Smirmhe cDNA was storedt 4°C until required

for quantitative PCR.

2.11Quantitative PCR (qPCR)

2.11.1 Primer design
Sequences of avian gergfanterest were obtained onlinevyw.pubmed.com Specifically,

t h ectih mMRNA sequence was found at the following National Centre for Biotechnology
Information (NCBI) web address:

http://www.ncbi.nlm.nih.gov/nuccore/453829267?ordinalpos=1&itool=EntrezSystem2.PEntre

z.Sequence.Sequence ResultsPanel.Sequence RVDocSum#tsequence 45382926

Similarly, the mRNA sequences for RhaBac land Slug were found at these addresses
respectively:

RhoB: http://www.ncbi.nlm.nih.gov/nuccore/118090145?log$=seqview refseq mRNA

Rac 1:http://www.ncbi.nlm.nih.gov/nuccore/NM 205017.1

Slug:

http://www.ncbi.nlm.nih.gov/nuccore/XM 001236568.1?ordinalpos=2&itool=EntrezSystem

2.PEntrez.Sequence.Sequence ResultsPanel.Seguence RVDocSum

Forward and reveesprimers were then designed using the Integrated DNA technologies

(1 DT) SciTools Oligo Analyzer 3.1E primer
with optimum annealing temperatures and a G:C ratio of about 50%. The primers and the
sequences afsted in Table 4. (See algppendix G. All primers were synthesized by IDT

(Whitehead Scientific, South Africa) and all primer pairs were used at an annealing

temperature of 6.
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Table 4. Oligonucleotide primers and sequences used for gPCR

Primer name and direction Primer sequence

Gal |-Actn Férward 5 -GACCCCAAAGCCAACAGA-3 0

Ga | |-Actin Réverse 5 0CCAGAGTCCATCACAATACG 3 6
Gallus GAPDH Forward 5 @TTCTGTTCCCTTCTGTCTES3 6

Gallus GAPDH Reverse 5 @TTTCTATCAGCCTCTCCCA3 0

Gallus RadlForward 5 GACGAAGCTATCCGAGCAGTTCTGT3 6
Gallus Rac 1Reverse 5 GTTCTGAGCAAAGCACAGGGTTTGGS 6
Gallus Rho B Forward 5 @CTTTGAGAACTACGTGGCCGACA3 0
Gallus Rho B Reverse 56 TGTCCACTGAGAAGCAGATGAGGA
Gallusslug Forward 5 @CCTCCAAAGATCACAGCGGTTCA3 0
GallusslugReverse 5 @GTGTTTGGCCAACCCAGAGAAAGS 6

2.11.2 gPCR protocol
The Brilliant Il SYBR Greefi QPCR protocol (Stratagene, California USA) was followed for
the quantitative PCR procedure. The PCR reaction was set up in strip tubes (Applied

Biosystems) as follows (Table 5):

Table 5.PCR reaction satp (Applied Biosystems)

Reagent Volume Final Concentration
Brilliant Il SYBR Greeff | 12.5pl 30 nM

gPCR Master Mix with ROX

cDNA 2 ul

Forward primer 1 pl 200 nM

Reverse primer 1l 200 nM
Nucleasefree PCR grad¢ variable, adjusted to totq

water volume = 251l

The reaction was mixed gently, taking care not to create bubbles, as these interfere with
fluorescence detection. The reaction was centrifuged and then placed in the PCR machine
(Applied Biosystems, South Africa). The Thieep Cycling qPCR program (as

recommended by Stratagene, California USA) was adopted as shown in Table 6 (below):
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Table 6: The ThreS&tep Cycling gPCR protocol (Stratagene, California USA)

Cycles Duration of cycle Temperature
1 10 minutes 95°C
40 30 seconds 95°C

60 seconds 60°C

30 seconds 72°C

The threshold amplifications were determined using the AB7500 real time PCR machine
(Fig. 3. The glyceraldehyde -Bhosphate dehydrogenag$€ APDH) gene was used for
normalization.This was becausehen GAPDH, Actin and 18S ribosomal RNgenes were

run as controlsGAPDH had the most stable expression betvibemifferent samplesAs a
negative control, in order to check for reagent contamination, cONA was excluded from the

reactions and replaced with water. All reactions were carried ioutduplicate
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Legend forFig. 3
Fig. 3 A, B, C, D, E & F. Melt curve analysis of oligonucleotide prinsgewing the
temperatures at which maximum amplificatiorGA P D HActinbRac 1, Rho B and Slug

genesoccurred using the AB7500 real time PCR macli@plied BiosystemsSouth
Africa). A. GAPDH BActin bC. Rac 1; D. Rho B; E. Slug

2.11.3 gPCR data analysis
Data from the gPCR was stored electronically and analysed with the Applied Biosystems
Software 7500 version 1.2.3. The relative quantity of the gene of inteessdetermined
from the threshold cycle (Pasing the formula:
1. g &= Cysample} Ciendogenous control)
2. PG P C (caibrator)
3. 2%t relative quantity
Where
Endogenous control = GAPDH
Calibrator = Control (untreated) sample
To determine whether the expression of the genes of interest from untreated neural crest
samples differed significantly from those from ethanal e at ed sampl es, a p
fi tte€st was performed using the MS Extcsbftwae (Office 2007, Microsoft Corp,
USA) and the Stratall software (198409, Strata Corp, USA). Significance was set at

p<0.05.
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3.0RESULTS

The part of thistudy whichwas based on the murine mod&é¢tion 2.) has been published
in the journalAlcohol (Oyedele and Kramer, 2008eeAppendix B.

3.1 Blood ethanol concentration

Meanblood alcohol concentratioBAC) peaked after 60 minutes, after which it gradually
declined toward the zero mafkig. 4. The maximum BAC recorded in the treated animals

was in the region of 260 mg/dl.
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Fig. 4 Mean blood alcohol concentration (BAC) profiles of maternal mice (n=6) after
ingestion of 25% v/v ethanol at time 0 minutes (mins).
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3.2 Food consumption and weight gain in maternal mice

Weight gain in ethanekeated and control maternalice was comparable (p=0.12Fidg.

5A). While the amount of food consumed by treated mice decreased on GD 11 and increased
again on GD 15, food consumed by control and ethBatbhnimals increased steadily until

they were killed on day 18. Thdifferences in food consumption between control and

experimental animals were not significant (p=0.@Ay. 5B).

3.3 Fetal survival following ethanol exposuren utero

The 13 ethaneled mice yielded a total of 82 live fetuses, 15 absorbed fetuses, and 1 fetal
deathin utera The average litter size among this group was 7.5 and the reabsorption rate was
15.3% of all conceptions that took pla€eable 7).The average lilr size among the 10
control mice was also 7.5. There was no fetal death or reabsorbed fetuses in this group of
mice. When the average litter sizes, number of live and dead fetuses were compared between
the two groups, the results were statistically sigaift (p<0.05)(Table 7).A total of seven

birth defects were observed in the entire series, including controls. 86% of defects occurred in
the ethanefed group(Table 8).0Only one case of anophthalmia was observed in the control
group compared with fougases in the ethanol group, one of which occurred bilaterally. Both
cases of agnathia that were observed occurred in the efledngtoup. When compared to

the control group, these differences were however not significant (Falle 8).

38



25.0

20.0 L..#

T 150
5
D 10.0 -—
=
g 50
()
=

0.0

GD7 GD8 GD9 GD10 GD11 GD12 GD13 GD14 GD15 GD16 GD17
Gestational days (GD
=¢==Control ==Ethanol
A

80.0
o 700
T
g 60.0
S 50.0
L 400
3 300
¢ )
» 20.0
5
o 10.0
he]
8 00
LL

GD6 GD7 GD8 GD9 GD10GD11GD12GD13GD14GD15GD16GD17GD18
Gestational days (GD

=¢=—Control =l=Ethanol

B

Fig.5 A & B. A. Pattern of weight gain of ethanfald (n=13) and control (n=10) pregnant
e. Di fferences in weight gain wets#) not st
B. Food consumptiopattern in ethanefed and control pregnant mice. No statistical

mi c

si g
t-test).

ni ficance was observed in food

39

consumpt.i

(0]



Table 7. Comparison of fetuses between eth&etbband control mice

Ethanol (n) Control (n)

Maternal mice 13 10

Live fetuses 82 75

Dead fetuses 1 0
Reabsorptions (% of total conceptions) | 15 (15.3) 0 (0)

Total conceptions/gravid deciduas 98 75
Average litter size 7.5 7.5

Fetal survival rate (%) 83.7 100*

*p -

Table 8. Anomalies observed in ethafed and control mice*

0,.3 de@rées (freedom).

Type of anomaly

Ethanol n (%)

Control n (%)

Total n (%)

Anopthalmia 4%(80) 1 (20) 5 (100)
Agnathia 2 (100) 0 (0) 2 (100)
Total 6 (85.7) 1(14.3) 7 (100)
*p = 0,1d9réof {reedom).

%0ne case had bilateral anophthalmia.

3.4 Fetal body measurements and cephalometry

Birth weight, crowarump length (Table 9), and head measurements (Table 10) all showed no
statistically significant difference between the two groups. The mésh was not
significantly greater in control animal@=0.13) (Table 10).As for the maxillary and
mandibular lengths, the mean values hardly differed between treated and untreated groups

and the maximum values for these two parameters were found aneoeth#mcfed fetuses
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(Table 9).Although the shortest maxilla occurred among the control animals, the shortest

mandible was found in the ethanicdated group.

Table 9. Birth weights and crowmimp lengths of 25% ethanol (v/treated and untreated
fetuses

Birth weight (g) Crown-rump length (cm)
Ethanol Control Ethanol Control

n 70 39 17 13

Mean 1.05 1.07(x0.16) | 2.3(x0.199) | 2.3(+0.175)

(+SD) (£0.20)

Min 1.45 1.39 2.6 2.6

Max 0.72 0.63 1.8 2.0

p 0.51 0.75

3.5 Skeletal staining

Skeletal staining revealed no significant differences in bone or skeletal morphology between
ethanol administered and control fetuses, apart from some absent segments of cranial bones
in the premaxilla and mandible of some treated animals. Also, somekdxaposed fetuses
possessed only cartilage in their ribs where clearly ossified bone was already demonstrable in
control fetuses of the same g§eg. 6). These differences were not signific§p+0.14; Table

11).
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Table 10Cranial measurements in treated and untreated fetuses

VML (cm) MAXL (cm) MANL (cm)
Ethanol Control Ethanol Control Ethanol Control
n 67 43 66 43 64 43
Mean |5.78(x0.31)| 5.87(+0.31)| 2.24(+0.39)| 2.22(+0.34)| 2.48(+0.57)| 2.49(+0.46)
(£SD)
Max 6.43 6.70 2.89 2.75 3.82 3.27
Min 5.42 5.08 2.09 1.65 2.07 2.36
p 0.13 0.69 0.94

VML, Vertico-mental length; MAXL, Maxillary length; MANL, Mandibular length.

Table 11. Number of skeletal defects in treated and untreated fetuses following skeletal

staining

Observation Ethanol (n) Control (n)
With defects’ 2 0

No defects 12 14

Total 14 14

p=0.14( %1 degree of freedom).

4Defects included absent segments of cranial bones and delayed rib ossification in ethanol
fed fetuses as compared to controls.
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Fig. 6 A, B & C. Comparison of the skeletal preparation of day 18 mouse fetuses untreated (A) and treated with ethandBirande€?).
There are defects in the cranial bones (arrowheads). The ribs of effeated animals show a lag in the state of ossification relative to the
control (arrows). The animal depicted in Fig. C shows anophthalmia, agnathia, and defectseaméxd@lar(asterisks). Abbreviations: at, atlas;

f, frontal bone; m, mandible; n, nasal bone; p, parietal bone; pm, premaxilla; r, ribs; sc, scapula; so, supraoccigld bwagnification.
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Summary of the results ofmurine experiments

Ethanol significantly increased fetal reabsorptions and reduced fetal suativadfr
newborn mice fetuses, whidmad been exposeih uteroto a peak blood ethanol
concentration of about 200mg/dl, administered orally in bohgges to Heir dams
over a period of three days.

Fetal birth weight and litter size were not affected by a daily oral administration of
25% ethanol (v/v) to maternal mice on days 6, 7 and 8 of pregnancy.

Cranial birth defects such as agnathia and anophthalmia, lassvdefects in the
cranial skeleton, while exclusively observed among ethexpbsed fetuses, were not
significantly increased in them, compared to controls.

There appeared to be delayed ossification in the thoracic skeleton in etkposéd
embryoscompared to controls.

Cranial measurements (cephalometry) did not differ significantly between ethanol

treated and control embryos.

3.6 Whole mountHNK -1 antibody labelling of chick embryos for neural crest cells

HNK-1 antibody immunoreactivitwas foundn a craniocaudal sequence relative to time in

all chick embryos, such that crest cells appeared at progressively more caudal regions of the

neural tube as the embryo advanced in &gg. (7). At higher magnification (100X}he

column of HNK-1 positive neural crest wadbserved to beelativelythickerin treatedchick

embryos as ethanol concentration increased, and appeared maximal in the embryos treated

with 0.3% ethanol (v/v)Kig. 8C). The pattern of HNKL immunoreactivity in thembryos

treated with 0.4% ethanol (v/v) resembled that of control embryos and the 0.2% -ethanol

treated embryodHg. 8 A, B and D).FurthermoreHNK-1-positive cellsvere locatedvithin

the surface ectoderm covering the neural tube of etheswiedand untreated samples,
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particdarly in stages9 and 10HH embryos (Fig. 7E and7F). These presumptive neural
crest cells were present in both control and ethttrated embryos at all developmental
stages Fig. 8. In addition a column of HNK1 immunoreactivity appeared between the
surface ectoderm and the neural tubstagel0- HH embryos that were treated with 0.4%
ethanol (v/v) Fig. &). This was neither observed in Abeated embryos nor in embryos
treated with lower ethanol condeattions. Finally, closure of the anterior neuropoceurred

in the 0.4% (v/v) ethandteatedstage 8+ (HHembryoswhile it was still openn samestage

control embryosKig. 8A and D).

Summary of the results of wholemount immunocytochemistry

e The craniecaudal presenceof cNCCs relative totime was observedn all chick
embryos Neural crest cellaiere foundat progressivelynorecaudal embryonic levels
asthe embrys progressed in age. This was the observation regardless of whether or
not the embryo was exposed to ethanol.

e The column ofcNCCsappeared to be thicker in embryos treated with 0.3% (v/v)
ethanol than in either control embryos or embryos in other ethaadirtent groups.

e HNK-1 immunoreactive cells were present within the surface ectoderm of all control
and ethanetreated embryos, but more so in embryos at stages 9 did.10

e Treatment with 0.4% ethanol (v/v) appeared to accelerate closure of the anterior
neuropore when same stage ethanehted and control embryos were compared.

e A column of cNCCs not seen either in control embryos or in embryos in other
ethanol treatment groups was observed between the dorsal neural tube and surface

ectoderm of embryosdated with 0.4% ethanol (v/v).

45



Fig. 7. See legend on the next page
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Fig. 7A T F. Phasecontrast micrographs of whole mount chick embryos immunostateddNK-1 monoclonal antibody specific for nelra
crest cells. A. Nosireated stag8 HH embryo. HNK1 immunoreactivity is visiblat the edges of the closing dezphalon (open arrowheads)
and mesencephalon (solid arrowheads), but not in the lower cegderion and spinal cord regions (dashed line on the left represents the
position of the neural tube. Only one side highlighted for clarity). B -ikestedstage8+ HH embryo. HNK1 positive putative neural crest
cells nowvisible in the caudal rhombencephalic and spinal cord regions of the neural tube (arroviz) S&ge8- HH embryos treated with
0.2%(C) and 0.3%(D) (v/v) ethanoj the embryoshow neaidentical HNK-1 immunoreactivity. EStage8 HH embryo treated with 0.4% (v/v)
ethanol, showing a pattern of HNKimmunoreactivity, snilar tothat at lower ethanaoncentrations (C and Dif. UntreatedGtaged HH
embryo. HNK1 immunoreactivity is present at allvids of the neuraxis. In B and the neural tubés outlinedfor clarity. Intenselystained
lower lateralregionsof imagesepresent on-specific staining of membraséopenarrowg. Olympus inverted phassntrast microscope. 40X.

Fig. 8 A-F. Phasecontrast micrographs of cranial regions of whole mount chick embryos immunostained witth kildKoclonal antibody
specific for neural crest cells. A. Ndreatedstage8+ HH embryo. HNK1 immunoreactive cells can be seen at the crest of the neural folds
(openarrowheads). B, CStage8- HH embryo treated with 0.2% and 0.3% ethanol (v/v) respectively, with a similar pattern eLHNK
immunoreactivity as control embryos. The band of immunoreactive cells (between arrowheads) appears to be thicker ((vAheethatto!
treated embry¢C). D. Stage8+ HH embryo treated with 0.4% ethanol (v/v). The pattern of HNiKhmunoreactivity is similar to that in the
untreated embrympenarrowheads). However, compared to the control embryo, midline fusion of thé¢ taderes complete cranially (arrow).
E. Nontreatedstaged HH embryo. The neural tube is still outlined by HNIKpositive reaction, but less so than in eadtage(treated and
untreated) embryos. The surface ectoderm contains bands ofiHigKitive ells (arrows). F. Staged- HH embryo, treated with 0.4% ethanol
(v/v). Bands of HNK1 positive cells similar to those Eican be seen within the surface ectoderm (arrows). In addition a stream ef HNK
positive cells appears between the neural tubesarfdce ectodernopenarrowheads)Neural tube has been highlighted for clar@®ympus
phasecontrast microscope. 100X.
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Fig. 8 See legend othe precedingage
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3.7 Chick cranial neural crestcell morphology following ethanol exposure

3.7.1 Ethanol concentrationof medium used to culturetreated neural crest cells

Ethanol

concentration

in the ethatdated mediumwas determined from the

absorbance values in the standard cFig. 9. The mean ethanol values obtained came

to within = 0.05% (v/v) of the expected valu@sble 13.
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0

-0.1

=2

Zacs

:

10 20

30

40

Ethanol concentration (mMol)

& Abs
——Linear (Abs)

Fig. 9 Plot of ethanol concentratidam vitro against absorban¢@bs)

Table 12. Determination of ethanol concentration in etharated cultures of chicBNCCg

Sa Observed Expected Difference | O-E
Sample (nmol) Sv (ul) Sa/Sv | concentration, O | concentration, (O-E) (%
(mM) E (mM) (mM) v/v)
Control 99 25 3.96 7.92 0.0 +7.9 +0.046
0.2% 402 25 16.08 32.2 34.0 -1.8 -0.011
ethanol
0.3% 59 7.3 8.08 48.5 51.0 -2.5 -0.015
ethanol
0.4% 27 4.4 6.16 61.6 68.0 -6.4 -0.038
ethanol

*Samples tested in triplicates. Mean values represented. (Sa = sample amoansa®yple

volume)
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3.7.2 Microscopic appearance of ethanatxposedchick neural crest cells.

A notable observation with etharméated,compared to untreated neural crest cells was
their apparent change in morphology from typical sphstlleped cells toca more
flattened andcuboidalappearanceRig. 10. This was most noticeable with increasing

ethanol concentration and durationcafture Eig. 10. There was also a striking apparent

increase in proliferation of ethanwkated ce#l (reported further in section 3.8

Fig. 10A & B. Comparison of the morphology of neural crest cells on day 4 of continuous ct
Control cells are largely spindéhaped (A), while cells cultured in 0.2% (B) and 0.4% ethanol (
appear epithelialinadoske pendent manner . Note al so th
due to increased proliferatigeee section 3.8fInverted phase contrast microscof@0®).
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3.8Prolif eration of ethanottreated chick cranial neural crest cells(Mitotic Index)

After 24hrs of ethanol exposure, a dapendenttatistically significant increase in
mitotic index (MI) was observed in ethartobated cells, compared to contraisg| 11).

This ethanolinduced increase in proliferation of exposed cells redativ controls
persisted at 48hrg{g. 11). However, when mitotic indices at 24hrs of culture were
compared with values at 48hrs for the same cells, only control cNCCs and cells cultured
in 0.2% ethanol showed a significant increase in proliferattat8hrs, compared to 24hrs
(Fig. 11). The increased Mt 24hrs compared to 48hyserved in ctNCCs treated with
0.3% ethanol was nosignificant (p=0.058).Cranial NCCs cultured in 0.4% ethanol
showed a decreased MI at 48hrs of culture comparétke index at 24hrd={g. 11). This

decease in Ml was ndiignificant (p=0.359).
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Fig. 11 Mean mtotic index (MI) of control and ethandleated cNCC®bserved at
24- and 48hrs. An ethanahduced doselependent increase in MI can be observe
particularly at 24hrsThe legend of symbols used in the graph to show differen
that were significant is explained as follows

Samples p-value p-value48hrs
24hrs

Control vs 0.2% EtOH "5.34x10° 0.012

Control vs. 0.3% EtOH 73.6x10° #0.021

Control vs. 0.4% EtOH T 7.26x10° | "Bx10°

Control 24hrs vs. 48hrs $1.7x10%

0.2% EtOH 24hrs vs. 48hr 887 4x10°
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3.9.1Distances migrated bychick neural crest cells after24hrs of culture.

After 24hrs of culture, when the direction in which cNCCs migrated was considered,
there was an increase in mean distance migrated along the x axis from 1.00 mm in control
cells to 1.09 mm, 1.20 mm and 1.04 mm in 0.2%, 0.3% and 0.4% (v/v) etheaield

crest cells respectively. The increase at 0.3% etHae@iment was statistically
significant (Table 13). In the-gxis, the mean distance migrated increased from 1.14 mm

in control cNCCs to 1.18 mm and 1.28 mm in 0.2% and 0.3% (v/v) ettr@adéd cells
respectively, but it decreased to 1.12 mm in 0.4% (v/v) ethasaled cNCCs. Neither
theincreased nor decreased mean distarficaigrationby ethanotreated cNCCs along

the y axis was significant (Table 13hdmeanivect or di st aheeeeter (v Di st
sum of distance of migration along the x and y akegeasedrom 1.53 mm in control
cNCCs to 1.64 mm, 1.77 mm and 1.57 mm in 0.2%, 0.3% and 0.4% (v/v) etreated

neural crest cells respective(lfig. 12. However only the increase uDistance of the

cells cultured in 0.3% ethanol (v/v) was significant (p=0.039; Table 13).
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Table 13. Mean distances migratedabgohottreated and untreated neural crest cells after 24 hours of culture*

Control n=26 0.2% ethanol n=13 | 0.3% ethanol n=10| 0.4% ethanol n=24
X-axis | y-axis | x-axis y-axis X-axis y-axis X-axis y-axis
Dist dir (mm) 1.00 1.14 1.09 1.18 1.2 1.28 1.04 1.12
SD 0.356 | 0.301| 0.416 0.336 0.219 0.324 0.373 0.404
p (x-axis vs yaxis) 0.057 0.255 0.25 0.229
vDist £SD (mm) 1.53+0.426 1.64+0.388 1.77+0.319 1.57+0.478
p (control vs 0.255 0.352 0.025 0.126 0.35 0.412
ethanol) dir
p (control vs 0.197 0.039 0.378
ethanol) vDist

*Significant differences are highlighted loold type. Abbreviations: Dist dir, directional distarn(@ong the x or y axisyDist, sum

of directional distance (as a vector quantity); p(control vs ethanol) dir, p value for difference in directional distapaengaontrol
versus ethandreated samples; p(control vs ethanol) vDist, p value for difference summative distance, comparing control versus
ethanoltreated samples.
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3.9.2 Distances migrated bychick neural crest cells after 48hrs of culture

Only the cells cultured in 0.4% ethanol showed a significant difference in the distance
migrated along the -xcompared to the y axis (Table 14urthermore, in the x axis,
control cells migrated over a mean distance of 1.51, sompared to a distance aB8

mm, 1.10 mm and 1.42 mm for cells cultunead0.2%, 0.3% and 0.4% ethanol (v/v)
respectively. This decrease in migrated distance by etigated cells was significant

in 0.2% and 0.3% but not 0.4% (v/v) ethari®bble 14. The mean distance through
which cNCCs migrated along the y axis showed a decrease from 1.38 mm in control cells
to 1.20 mm and 1.360m in 0.2% and 0.3% (v/v) ethareated cells respectively. The
mean migrated distance was however increased to 1.72 mm with 0.4% (v/v) ethanol
tredment. This increase was significamhen compared to the contrdis=0.04l; Table

14). Vector summation of distances migrated t)CCs at 48 hours revealed that
vDistance was decreased rsignificantly compared to controls, by treatment with 0.2%
and 0.3% (v/v) ethanol, but increased by treatment with 0.4% ethanol @wpaced to

the control cellsThis increase was notatistically significant Table 14).

3.9.3 Comparison between 24 and 48-hr distancesmigrated by chick neural crest

cells

The mean distance migrated by control cells increased from 1.00 mm and 1.14 mm in the
x and y axes respectively at 24hrs to 1.51 mm and 1.38mihe x and y axes
respectively at 48 hrs. This increase was significant in the x axis as well as when vector
summatedTable 14 andrig. 12A). In the ethanol treatment groups, for both 0.2% and

0.3% ethanotreated cNCCs, migrated distance decedan the x axis but increased in
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Table 14. Mean distances migratedabgohottreated and untreated neural crest cells after 48 hours of culture*

Control n=15 0.2% ethanol n=9 0.3% ethanol n=6 | 0.4% ethanol n=10
X-axis | y-axis | Xx-axis y-axis X-axis y-axis | Xx-axis y-axis
Dist dir (mm) 151 | 1.378| 0.982 1.202 1.103 1.351 1.428 1.716
SD 0.467 | 0.476 | 0.655 0.635 0.317 0.187 0.203 0.439
p (x-axis versus yaxis) 0.228 0.238 0.068 0.041
vDist +SD (mm) 2.07 £0.574 1.56 £0.887 1.50 £0.725 2.25 +0.379
p (control vs ethanol) dir | 0.026 | 0.242 0.019 | 0427 | 0.282 | 0.041
p (control vs ethanol) vDist 0.075 0.050 0.175
p (24hrs vs. 48hr3 (x-axis 0.001| 0.049| 0.338 0.470 0.269 0.300 0.000 0.001
Versus yaxis)
p (24hrs vs. 48hr3 vDist 0.002 0.398 0.195 0.0001

*Significant differences are highlighted lrold type. Abbreviations: Dist dir, directional distan(@ong the x or y axisyDist, sum

of directional distance (as a vector quantity); p(contrathanol) dir, p value for difference in directional distance, comparing control
versus ethandreated samples; p(control vs ethanol) vDist, p value for difference summative distance, comparing control versus
ethanoltreated samples.
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Fig. 12A & B. Mean distance migrated by control and ethdredted cultured cNCCs at-2dnd 48hrs. A. Mean distance measured in the

direction parallel (x) or perpendicular (y) to the neural tube. B. Mean directional distance added as vector quantiieseySignificant

differences in the distance migrated by ethdredted compared to control cells are indicated by asterisk (*). Significant differences in the

di stance migrated by the same cells at 24hrs compared to 48hrs ar ¢
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the y axis between 24nd 48hrs. These differences were not significant (Table 14). At
0.4% (v/v) ethanol concentratiom, statistically significant increaseoccurred in the
distanceof migrationat 48hrs compared to 24hrs in both axésngyration as well as

when the axes were summatedvectorgFig. 12B).

Summary of distance migrated bycNCCsat 24- and 48 hours

e With just one exception (y axis, 0.4% v/v ethatrehted cells), after 24 hours of
ethanol exposur&NCCstended to increase their migratory distance compared to
control cells. When the distances migrated along the axes were added, ethanol
treatmentappeared to increagbe distance of migratioat all concentrations of
treatment. However, only the increadsserved in the 0.3% (v/v) ethartpéated,
x-axis-directedcNCCswasstatisticallysignificant compared to controls.

e By 48 hours of ethanol treatment, a reverse had occurred, with the majority of
ethanoltreatedcNCCsnow showing a decrease distancemigrated compared to
controls. However, this decrease wstatistically significant only for cNCCs
migrating along the x axis in 0.2% and 0.3% (vAthanol cultures. Vector
distance (vDistance) migrated by ethatrebtedcNCCswas similarly reduced in
all but the cells cultured in 0.4% ethanol (v/v), although neither redanoed
increased/Distance at 48hrs wasatisticallysignificant compared to controls.

e At 48hours of migratiomNCCsexposed to 0.4% (v/v) ethanol, migrating in the y
axis showed atatisticallysignificantly increased distance migrated, compared to

controls.
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e A comparison of migrated distance at- Zbmpared to 48 hours by the same
cNCCsshowed that:

o NontreatedcNCCshad migrated further along theaxisand along the vector
summaion of both axesThis increased distance on the second compared
the first day of culture wastatisticallysignificant.

o Similarly, cNCCscultured in 0.4% (v/v) ethanahigrated over a statistical
significanty greater distance at 48hrs than they di@4irs in both the x and
y axes, as well as when both axes were vector summated.

o Neural crest cellsultured in 0.2% (v/ivand 0.3% (v/vethanol both showed a
decreased vDistance at-4®mpared t@4hrs althoughthis decreasavasnot

statisticallysignficant.
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3.94 The distance migrated bychick cranial neural crest cellsin relation to the

embryonic stage of development.

When the distances migrated by cranial neural crest cells were examined based on the
Hambuger and Hamiltor§1992)stage of development of the embryo (neural tube) from
which the emigrant neural crest cells were derived, the following observations were made

(Fig. 13A-C andFig. 14A-C):

Stage8 (HH) embryo-derived chick neural crest cells

Contol stage8 (HH) cNCCs showed significantincrease irmeandistance migrated at
48hrs as compared to 24hrs in botljpx0.04)and y(p=0.000)axes,as well asn the
summation of the axgp=0.005) Fig. 13A andFig. 14A). Furthermore, fer 24 hous

of cell culture,cNCCsat stage 8 (HH), whiclhad been exposed to 0.2% ethafwV)
manifested a slighto(it statisticallynonsignificant) mean increase in migrated distance
along both x and y axesompared to contrals\t 48hrs, while the increase in migrated
distance along the x axis persistetlCCsmigrating in the yaxis showed a significant
decrease in mean migrated distance, when compared to control cells (=g.048A).
Themeanivect or d stantcepfrthe 6.2% (/W @hanedxposed cells at 24hrs
increasedwith no statistical significangdecompared to controldyut decrease at 48hrs
compared to control cellslso with no statistical significan¢gig. 14A).

With 0.4% (v/v) ethaneéxposure,cNCCsshowed a very slightlecreasan migrated
distance along both axes at 24hrs compared to control cells, andrbotinease (x axis)
anda decrease (y axis) in migrated distance at 48hrs compared to a\@qls These

differences were not statistically significdfig. 13A). Vectorial addition of the
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Fig. 13A, B &C. Mean directional distance (mm) (along x and y axes) migrated by control and etieaed cranial neural crest cells that were culture
from neural tubes removed from embryos at stages 8 (A), 9 (B) and 10 (C) (HH). Significant differences igdipateditcles (0) relate to comparison
between distance migrated by ethantkeated cNCCs and control cells at 24hrs; signifidéférences indicated by solid circles) felate to comparisons
between distance migrated by ethantvtkated cNCCs and cant cells at 48hrs, and significant differences indicated by asterisks (*) relate to
comparisons between the distance migrated at 24hrs versus that at 48 hrs.
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Fig. 14A, B &C. Mean vDistance migrated by control and ethamnehted cranial neural crest cells, cultured from neural tubes that were removed from
embryos at stages 8 (A), 9 (B) and 10 (C) HH. Significant differences indicated by open circles (0) relate torcobgtenésm distance migrated by
ethanottreated cNCCs and control cells at 24hrs; signifidiférences indicated by solid circlas) felate to comparisons between distance migrated by
ethanottreated cNCCs and control cells at 48hrs, and significffieteinces indicated by asterisks (*) relate to comparisons between the distance migr:
at 24hrs versus that at 48 hrs.
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displacement over the x and y axes @o4% (v/v) ethanetreated cells shosd that at
both 24 and 48 hrscNCCsmigrated over similar vDistancés those ofcontrolcNCCs

without any statistically significant differen€gig. 14A).

Stage9 (HH) embryo-derived chick neural crest cells

Control cNCCs from stage 9 (HH) embryos migrated over significagribater mean
distances in the x axis (p=0.031), y axis (p=0.Cl") combined axes (p=0.012) at 48hrs
compared to 24hrd-{g. 138 andFig. 1). With 0.2% (v/v) ethanol treatmerdtage9
(HH) cNCCsincreased theimean distance of migrati@at 24hrsalong both xand y axes
when compared to contro(svith no statistical significance) (Fig 12BAt 48hrs, there
was a significantly reducedistancemigratedby 0.2% (v/v) ethanelreated cNCCs in
both x (p=0.0D) and y (p=0.01)1laxes, acompared taontrols. Summation of the axes
showed that with 0.2% (v/v) ethanol exposurBjstanceincreased at 24 hr@vith no
statistical significanceputdecreasedignificantly at 48hrs (p=0.@) (Fig. 14B).

Stage 9 (HH) cNCCsthat wereexpased to 0.3% (v/v) ethanol showedsmnificant
increase in distance migrated in both(g=0.035)and y(p=0.023)axes after 24hrs of
culture, compared to contralig. 138). The vDistance migrated by this treatment group
of cNCCs wasalso significant compared to the vDistance migrated by control cells
(p=0.016 Fig. 14B). After 48hrs of culture0.3% (v/v) ethanetreatedcells showeda
non-statistically significant increase the meandistance migrated compared to control
cNCCs along the y axi{Fig 12B) There was a nestatisticallysignificant decrease in

distance migrated along the x axis compared dotrol cells. The summated mean
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vDistance migratedoy 0.3% (v/v) ethaneéxposed cellsat 48hrs of exposuravas
increased compad to control values, but with no statistisajnificance (Fig 13B).
Treatment ofStaged (HH) cNCCswith 0.4% (v/v) ethanol resulted in a sliglgcrease in
migrated distance along the, Yout an increase along the y axis at 24hrs, neither of which
was statistically significant compared to controlsthe increase in mean vDistance
observed for this treatment group at 24hrs was also not significant (p=0Hd.6)4B).
However after 48 hours of migration, 0.4% (v/v) ethanehtedstage 9 (HH)CNCCs
increased theidistance of migration compared to contratspoth axes, with the y axis
increase being significant (p=0& Fig. 138). Furthermore, the meanDistance
migrated by 0.4% (v/v) ethaneireated cNCCs at 48 hours of culture increage

significantly compared to control valugs=0.®7; Fig. 14B).

Stage D (HH) embryo-derived chick neural crest cells

There was a naatatistically significant increase in the distance migrateddmyrol stage

10 (HH) cNCCs in the x and y ax@sd in both axes combined (vDistance) 8hré
compared t®4hrs Fig. 13 and Fig 13C)The treatment oftagel0 (HH) cNCCswith

0.2% (v/v) ethanol resulted in a reduction in migrated distance in the x axis, but an
increase in distance migrated in the y axis after 24 houtbenef which wasignificant

(p, x axis = 0.41; p, y axis = 0.3Bjg. 13C). After 48 hrs ofculture in 0.2% (v/v)
ethanol,stagel0 (HH) cNCCs showed a nostatisticallysignificant increase in migrade
distance in both axesompared to control cell§Fig. 13C). The summated mean

vDistance values migrated by 0.2% (v/v) ethaeqgbosed clECsat 24 and at 48 hours
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of observationwere increased@ompared to controlbut with no statistical significance
(Fig. 14C).

With exposure to 0.3% (v/v) ethanol concentratithhe, mean distanamigrated bystage
10 (HH) cNCCs was nonsignificantly reduced along both axes of migratigm Xx
axis=0.108; p, y axis=0.463% 2hrs compared to control valudsid. 13C). The nean
vDistancemigrated by the 0.3% (v/v) ethanmkated cNCCslong the combined axes
was alsadecrease@t 24hrswith no statisticdy significant differencgFig. 14C). After
48hrsof culture there was aonstatistically significantlecreasén the distance migrated
by 0.3% (v/v) ethaneireated cNCCslongboth the x and y axes, when compared to
controlcNCCs as well as along the combined axes (vDista(feig) 13C andFig. 14C).

At an ethanol concentration of 0.4% (v/v), there wstatistically nonsignificant
increases in theneandistance migrated bgtagel0 (HH) cNCCscompared to control
cells, along all axes and at both time points at which they were obséigedL8C).
When the distances along theand y axes were summeadNCCsobtained fronmstagel0
(HH) embryosandtreated with 0.4% (v/v) ethanadhowedstatistically norsignificant
increasesn meanvDistance of migration compared to control cells at bothe&2®l 48

hours, Fig. 14C).
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Summary of HH stagedependent distance of migration bycNCCs

The most consistent finding waisat at embryonic stage (HH), there wasan
increase imeanvDistanceamongethanoltreatedcNCCscompared to controls,
both at 24 and 48 hours of observatiomhis increase was observat ethanol
concentrationsf 0.3% and 0.4%

Most of the statistically significant increases in distance migrated by ethanol
treatedcNCCscompared to contratells occurred at 48hrs, inNCCsderived at
stage 9 (HH) whiclmad been exposed to either 0.3% or 0.4% (v/v) ethanol

Most of the significant reductions in distance migrated by ethttiratedcNCCs
compared to control cells also occurred at 48hrs, alsbl@Csderived at stage 9

(HH), whichhad been exposed to 0.2% (v/v) ethanol.
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3.10Time-lapse vdeo microscopyof migrating chick cranial neural crest cells
Sample copies ohe video recordings dfvo control and three ethanteated (two 0.2%
and one 0.4% v/v) cultured migrating neural crest cellas well aghe timeanalysis of
the recorthg of the migration of neural crest cellare available for viewing on the
acconpanying compact dis@Appendix H) The recordingsighlight dynamic aspects of
neural crest cell migration that were not available from still photographs.

Control cNCCs commenced their migoat after about 2hr¢t+2) from the start of the
video recording(t) and reached the defined epdint of migration (the edge of the
microscope field of viewafter 12hrqt+14). At the end of the video recordiify-24), the
morphology of control neural crest cells was mainly sphstii@ped (Appendix H).
Comparedo control cellstherewas an average delay aboutfive hoursin the time that
it took 0.2% ethaneireatedcNCCsto emerge from the neurallte asthey stated to
migrate ataboutt+7. In addition, this group of ethantieated cells reached the edife
the field of viewabout nine hours after control cells had reached the same(p(a}.
At the end of the video recording, the morphology of the 0.2% (@thanoltreated
cNCCs was mainly cuboidal. The neural crest aghgch were exposed t6.4% ethanol
(v/v) appeared to emerdgeom the neural tubabout one housthead of contratells (t+1),
but failed to reach the ermbint of migration observed in the control cdilg the end of
the video recording(Appendix H). Furthermore, at the termination of the video
recording, n the 0.46 (v/v) ethancireated culturg, numerous round bodies werersén

the culture medium, atypical of normal neural crest cells
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Summary of time-lapse video microscopy observations

e There was an apparent delay in onsetNMECCsemigration from the neural tubes
that were cultureth 0.2%ethanol (v/v), compared tantrol cells.

e There was an apparent acceleration of the ongsatgration in0.4% (v/v)
ethanoltreatedcNCCscompared to contr@NCCs

e At the end of the period of video recordilg2%ethanoltreatedcNCCs
consistednostlyof flattened cuboidal cellsyhile controlcNCCswere mostly
spindleshaped

e SomecNCCsthat were exposed to 0.4% ethanol (v/v), failedgsumehe
expected spindishaped morphology of neural crest cedlsgeen in control

cultures), bubecame smaloundbodies within he culture medium.
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3.11 Effect of ethanol exposure on the &in cytoskeletonof chick neural crest cells.

Prior to visualization of their actin cytoskeleton by fluorescent microscapyrat and
ethanolexposed NCCs wereidentified by HNK-1 immunolabelling of their cell
membranesusing phas&ontrast microscopyl'he actin cytoskeleton of control cranial
neural crest cells was welkefined, with an ordered microfilament structure. In addition,
focal adhesions were clearly visible at pointseréhthe cells made contact with the
substratum (Figs 4A, 15A and 6A). A number of features characterized the actin
cytoskeleton of ethandteatedcNCCs At 48 hrs of culture, while netreatedcNCCs
showed regularly arranged and clearly recognizable &@aments, these filaments were

not as weldefined in ethanelreated cellsKig. 18B). Another feature that was noted
after 48 hrs of culture was that neural crest cells exposed to ethanol were characterized by
prominent positive phalloidinmmunacfluorescence in the region of the presumptive
nucleus- a feature largely absent in control cellig( 15. Ethanoltreated cells also
appeared more numerous and of smaller size toatrol NCCs Fig. 195 (previously
discussed in séon 3.8). By 96 hrs of cell culture, actin microfilaments were visible in
both control cells and in those exposed to ethanol. However, neural crest cells that were
cultured in ethanol showed disarray in their cytoskeletal actin architecture, a feature tha
was wellobserved at higher magnificat®(Figs. 15 and 1§ Furthermore, in ethanol
treated crest cells, irregular digitationgre seen at leading edges of some cells, focal
adhesions were fewdhan what was observed icontrols and ethanetreated cells

appeared to clump together and overlap each ¢Higr 18). This was not observed in

control cells. Miny of the actin microfilaments in alcokblr e at ed cel I-s wer e
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ono, suggesti ve of(Fig bM). This featute evasendi frequente nt at i o

observatiorin control cells.
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Fig. 15A & B. Appearance of rhodamine immuladelled actin cytoskeleton of control (A) and 0.4% (v/v) ethanol
treated neural crest cells (B), after 2 days of culture. Even at this magnificdionfilaments are clearly seen in
control cells (arrows), but not in ethantieated cells, which do not show extended processes. A phallpisitive
entity within presumptive nuclei is a prominent feature of ethatr@lated crest cells. Many of thelganokreated
cells appear to be in late mitosis (arrowheads). Olympus inverted microscope with epifluorescence200X.






Fig. 16A & B. Appearance of rhodamine immuladbelled actin cytoskeleton of control (A) and 0.2% (v/v) ethanol
treated neural crest cells (B), after 4 days of culture. Actin filaments appear to be in disarray in-¢thateol neural
crest cells and lack focal adhesions in contrast to control @@liswheads in A). There are digitations of the actin
cytoskeleton at leading edges of some treated cells (arrows) Ethiggaibd cells appear to be clumped together as
they overlap and have migrated over each other. Olympus fluorescence microscope. 200X
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Fig. 17A & B. Appearance of rhodamine immuladelled actin cytoskeleton of control (A) and 0.2% (v/v) ethanol
treated neural crest cells (B), after 6 days of culture. While the actin microfilaments arerdeded in the control
cell, they appear disorganized in treated cells. Some of the dctinf YSy G&a | NB &aSSy WSyR
indicative of their loss of proper orientation within the neural crest cell cytoplasm. Brighter white spots appear t
artefacts Olympus fluorescence microscope. 400X.
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Summary of observations on the actin cytoskeleton of ethantieated cNCCs
The actin cytoskeleton of etharoéated cranial neural crest cells showed
e Disorganization, irregularity and thinning, compared to controls
¢ Prominent intranuclegphalloidin immunofluorescence, which was not observed
in controlcNCCs

¢ Relative absence of focal adhesions

3.12 Surface ultrastructure of chick neural crest cells after exposure to ethanol

After 24 hrs of culture, low magnification scannirlgaronmicroscopy (SEM) revealed
cranial neural crest cellwhich have been exposed @©2% (v/v)ethanol as having an
epithelial, rather than a spingdhaped mesenchymal appearance that was observed in
norttreated neural crest cellBi§. 187A). There also appears to be a reticular meshwork
which was consistentlypresentin ethanoltreated, but not control samples (arrowgy.

18B, C). Evidence of apoptosis (blebbing tbe cell membrane) was observed in both
control and ethandteatal cells at 48hrs of culture Kig. 19. Membrane protrusion
(Abl agb) was more pronounced i nal ukesofal cres
younger embryossfage 8HH) than in tlose from olderembryos (stage 10HH),
regardless of whether thayere ethanekexposed or notHig. 19. On the contrary, the
appearance of a reticular meshwork wasaduie of neural crest cells alages 9 and 10
(HH) embryos, which had been exposed to ethanol. It was not found either in-similar
stage control mbryos, @ in cultured crest cells fromtage 8 embryos, whether or not
these had been exposed to ethakd.(19, in spite of the fact that they were processed

at the same time
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Another feature observed in ethaalposed neural crest cells, particularly those which
were cultured fronstage 8 (HH)derived neural tubesvas the presence of intercellular
filamentous extensions between apoptotic cdfig.(1C). By the & day of culture,
some evidence afeural crest celllifferentiation was observethcludingthe presence of
nerve cellsn control culturegFig. 20. Differentiation was also seen @thanolexposed
neural crestells some of whichshowed exensive lebbing of the surfacenembrane

(Fig.19B).
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Fig. 18A, B & CScanning electron micrographsuoftreatedneural crest cells (A) and cells cultured in 0.2% ethanol {o¥\24 hrs (B), and 4 days (@jhile
control cells are mesenchymal in appearance, with typical spinous processes (arrowheads);tetad@dicells are epithelial in shape. Treated cells also sh
areticularmeshwork (arrows in B, C), possitdynnants ofapoptotic events. A, B 300X; C, 1000X

Fig. 19A¢ F. Scanning electron micrographs of rtogated (control) and ethanetreated neural crest cells from neural tubes of stagelD§HH) chick
embryos at 48 hrs of culture. Membrane blebb{agrows)featured prominently in both untreated (A) and ethartaéated (B, C) cells cultured from
neural tubes of stage 8 (HH) embryos (A, B and C), while the presence of a reticular meshwork characterized neuralasttgteetiirom neural tubes
of gage 9 (HH) (F) and stage 10 (HH) (D and E) embryos. At high ethanol concentration, intercellular extensions (arrowbesteaneen neural
crest cells (C). A, D, controls; B, 0.3% ethanol (v/v); E, 0.2% ethanol (v/v); C, F, 0.4% ethan&l, 300D>XA F, 2000X.
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Fig. 19A- F (See legend qoreceding page
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