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MOrphologie Faciale et Index Mitotique chez des Souris.avèc 

Bec-de-li~vre causé par des Agents ~ratoc:t~nes et Héredi taire 

RESUME 

Le dévelopement facial au moment de la formation 

de la l~v:re éte étudié chez (1) des embryons C57B1/ 6 

ayant reçu au neuvi~me jour et demi (~~) de gestation 

du 6-aminonicotinamide (GAN) ce qui amené 18% de bec-de-

li~vre médian; (2) des embryons C57B1/6 traités eux au 

dirl~me jour et un tiers (10 1/3) avec comme résultat 
• 

2~ de bec-de-li~vre latéral; (3) des embryons avec 2C1'fo 

de bec-de-li~vre latéral causé par le g~ne danseur (De) 

ete 4) dex embryons de la Bouche Cl/Fr avec 2ff;t de bec-de-

likre dû A une prédisposition héreditaire-multifactorielle. 

Le developement ~n~ral et facial est retardé par le 6AN et 

'" le g~ne danseur. Ceci est mis en évidence par des 

différences dans le taux morphologique, l'index rili totique, 

11 h:i.stologl.e et le mesurement de la morphologie faciale. 

Les embryons avec bec-de-li~vre mèdian causé par 

un agent térato~ne ont dex processus médians petits. 

'" Les embryons avec bec-de-li~vre causé. par un agent 

térato~ne et ceux avec bec-de-li~vre dû All'~red~~ 
, 'jj' ....... " 

ont dex processus ~dian et latéraux petits. Ceoi' sugs're 
. 

que le lien entre le bec-de-li~Tre causé par un agent 

térato~ne et celui causé par le ~ne danseur réside dans 

une réduction du bolume méaenchymateux POSSiblement 

amené par une migration anomale de cellules de la crête 

nel'Yeuse. 
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Face Shape and f\~i totic Index in ~1ice 

with Teratoqen-inducerl and Inherited Cieft Lip 

, 
ABSTRl\CT 

Face develop~ent.~t Iip formation tiMe was 

studied in (1) C57Bl/6 embryos treated on qestati0n 

day 9 1/2 with 6-aroinonicotinamide (6l\N) which later 
~ , 

show 18er, yner,ian clef't lip, (2) C57Bl/6 embryos treated 

Clay 10 1/3 \,Tith 22~ laterai cieft Iip, (3) eT"lbryos with 

20~ Iateral cieft lip inducen by the mutant qene dance~ 

(TJc) , é!n~. (~) emb.jYos of the Cl/Fr .strain \·]i th a 'mu l t,i-
~ , 

~3ctoria)~v 'inheritec1 predi~position to 26% laterai cleft. 

r-'he q,ene!'?l ~ 3.nd faciéll clevelopMent \vnS r.etaràerl.., by 6AtJ 

~nd the ~1nccr qene. Fvic1encc for this w~s providerl 

~'.' di =f~~2;"::::2S found in rlorpholoqical ratinq, mitot~c 

, index, loti sto loqy ë!nd the face shape measureTt.ents. ' 

~reated enbryos with nedian cleft Iip hart s~all 

-' " r::edir11 processes and both trea ted and danCe!" efT'brvos \oli th 
) 

late~al c1e r t lip tendency had s~all medial and lateral . . 
nasal processes. ~his sunqestcd that the COfT'Mnn link 

"hcb;een teratoqen-inc1uced and dapcer-in~uc~~ cleft lip 

y'cl S i1 rcrluc tinn in "'01 UfI"\C of thE' Tl1esenchyme pO,S5 ibl y duc 

to obhorRal miqration of n€ural crest cells. 
... 
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INTRODUCTION 

flal formations both inhcri ted dnd lnduccd may 

be roughly subdividcd as being due to on~ ot two posslble 

type~ of mechanism. Halformatlons nay be caused by " . 

cell death or by a decrease ln the proliferat~ve rate 

of the tissue. In the normal course of development, 

there is normal phYSlologlcal or programm2d cclI death. 

programmed cell death lS clearly illustrated ln the formation 
~ 

of the digits or the formation of the palate. If the 

cell death gets out of hand it may lead ta malformation 

thus an increase in programmed cell death may be one 

of the ways of bringlng about a cleft IIp and or a cleft 

palate. A 'Spllt face' with or wlthout cyclopia may 

result from a deficiency of mesoderm beneath the neural 

plate be~ause there is a failure of migration of the 

neural mesenchyme WhlCh in turn i5 a result of an under-

developed forebrain. This is an example of a decrcase 

in proliferatlve rate of the forebrain tissue. 

Another general mechanis m for '9roducing malformations 

may be attributed to defects ln fluid regulation. In higher 

vertebrates, vascular defects sueh: as haemmorhages may ,,' 
stop or disturb development. Another disturbance in 

.. , ... , 

fluid regulatlon may be ln the spinal fluid. Accumulation 

of excessive fluld may for cxample cause rupture of the 
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neural tube (exencephaly), or formati0n of blebs in 

various parts of ~he body. A third type of disruption 

of fluid regulation co~es from the amniotic fluid. 

Lack of amniotic fluid may produce compression that 

ultimately produces cleft palate. 

The present thesis is concerned mainly with 

',r 
decreased cell proliferation and/or lncreased cell death 

as mechanisms of malformation. 

/ . , 

1 
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LITERl\'I'URE REVIE~'l 

6 Aminonlcotinar'1lde (6}\::-..I) lS an <1'1.t.l.metaboliti3 

WhlCh, when lntroduced in large anounts, oroduces 

delete~ious effects in aninals. Wolf (1959) sho~ed that 

6AN when glven intra~erltoneally at 8 mq ger kg body 

weight to rats produced neurologlcal i~?airrnents and 

lesions in thcir spinal cords wlthl.n twenty-four hour~. 

These toxic effects were not ohly . seen in experimental 
/ 

C animaIs, as Hertel et al (1961) used 6A"1 to treat tumors 

in humans and found that the drug also caused neur~logical 

disturbances and sympto~s of vitamin B co~plex 
" 

deficlencies. 

Dietrlch and Friedland (1958a) found that 6AN 
v ~ \ 

caused regresslon 0~55 tu~ors in mlce and Oforl et al { 

(1972) found that it also inhlbits glycolysis in ascite 
" 

tumor cells. The toxic effects of nicotinamide depletion 

have been noted in celY cultures. Gardner and Sato 

(1972) .worklng with adrenal tumor cells found that in 

the absence of nicotinamide, inhlbition of growth occurred 

after the second subculture. These nicotinamide 

depleted cultures were found to be susce~tible to 3AP 

(3~acetyl pyridine) and the susceptibility was inversely 

proportional to the pyridine nucleotide content of the 

cell. \ , 
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6AN as a teratogen -- 6AN when given to pregnant female 

animaIs often producesmaiformations in the young. It has 

been found that 6AN when given earlY'in pregnancy to rats 

May prevent or de~ay implantation and retard,early embryonic 
\ , 

development JChamberlain 1963). ,When given ta various 

experiment~nimals such as rats, mice', chicken, 'hamsters 
( , 

and rabbîts at app'ropriate gestationa1 time, malformations 

such as micromelia, c eft 1ip, cleft palate, hydrocephalus, 

spina bifida and other and or neural malformations 

were found. ~960, Inga11s 1964, ' 

Overman et al 1971, sthardein 19~7, Turbow'et al 1969) 

Ingalls et al (1964) found~at 6AN causes 
-j-

chromQsomal enamalies and he ~uggested that ma)forrnations 
J 

caused by a teratogen May be a result of the chromosoma1 

anomalies. Any teratogen cou Id alsa canse decrease in 

~rotein syr.~~esis, RNA and D~A synthesis, reduction in ~ 

cell d\vision, disturbance ot any of·the numerous metaboli~ 

gath~ays and or cell death. 
(J 
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o 

6-aminonicotinamide (6AN) lS ft nlcotinamide 

1 " 

analogue and also a~ antirnetabolite pOss~sslnq antagonistlc. 

propertles to nicotlnamidc. 
a 

In a norm~l bloche~lcal reaction usually there is 

formatlon of an enzyne-metaboll,te complex, hmvever in the 
'" 

presence of an anti~ctabollte, an enzyme-antimetabollte 

complex wlll be formed. When 6AN is administered ta an 

anima~, 6AN competes wlth nicotinamlde inhibltlng the 

NAD dependent reactlons. ,. 
Coper and Neubert (1964) suggested that 6AN replàces 

the nicotlnamlde moelty of NAD by givlnq rise to an 

abnormal nlçotinamide molecule and that phosphorylation 

at the sixth position of nicotinamlde ring lS involved. 

o 
Dletrich, Frcidland and Kaplan (1958 a& b) found 

o 
that 6AN when adminlstered ta mice caused a decrease 

in ~-hydro~ybutyrate and a-ketoglutarate dehydrogenase 

activity. - Actlvitles of these enzymes were assayed 

spectrophotometrically. Both these enzymes are mitochondrial 

restricted syste~s coupled wlth oxidative phosphorylation. 

The 6AN analogue of NAD is postulated to become bound 

to the apo-dehydrog-enase producing unusual and ineffecti ve 

holoenzymes resultlng in blockage of oxidativ~ 

phosphorylation and lmpaired synthesis of ATP, lowering the 

efficiency of high energy bond synthesis. Pullman et al 
" 

(1960) using quantum mechanlcs calculations showed that 

, , 
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the lo",vest èrrtpty molecular e l.cctronic orbi tal is plac2rJ' 

much higher ln the 6AN ana1oqu8s of ~AD th~~ ln NAD. 

The 6AN analogue of NAD which nmJ acts as the coenzy:n2 

does not have the same e1ectron acceptor abl1ities of the 

true coenzyme resu1ting in a 10ss of electron accepting 

cas>ac1ty. 

When 6AN was used in the, presence of NAD and 

succ1nate, the phosphory1ated product ~ADH-P was found 

to be markedly reduced. But when the 6AN was tested for 

the transphosphory1atlon reactions of NADIl-P ~ ATP no 

decrease was found in the arnount of ATP formed. 
~ 

6AN was also found to cause acc4ffiu1ation of 

6-phosphogluconate. This indicates that 6-phosphogluconate 

dehydrogenase is inhibited, but the ra(è of glucose 

metabollsm via the pentose phosphate cycle as weIl as the 

rate of fatty aCld synthesis was not affected. ÇKather 

and Rivera 1972) 

The above evidence indicates that the electron 

transport system is somehow Qeing disturbed and that 

perhaps there is interf~rence with the NAD and NADP 

(coenzyme l and coenzyme II) that take part in the 

oxidative-reduction system. 

If the synthesls of h1gh energy bonds has been 
t 

reduc'ed, one '<lOuld expect that tl;e amount of ATP synthesized 

would also be reduced. Coper and Neubert (1964) were 
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unable to show any signi~icant decrease in ATP formation 

~hen they added G-ANAD in concentrations as high as 

ImM to their reaction mixtures. But other workers 

(Dietrich and Friedland 1958a & b) and Ritter et al ' --
(1973) have found that GAN causes a decrease in the 

amount of ATP. 

Dietrich et al (1958a) working with mice have 

found that there was a decreased ~ount of A~P and ADP 

and an increased amount of k~P. Working with rat· 

ernbryos, Ritter et al (1973) also found that GAN ca,uses 

a fifty per cent decrease in ATP synthesis ,when 

cornpared to untreated ernbryos. 

Re?lacing ATP in the embryo5 however, does not 

seern to alleviate the effect of GAN. Chamberlain 

(1970) gave an intraamni~tic injection of ATP as 

counter~~erapy for GAN but with no positive effects. 

Since GAN acts as a competitive inhibitor to 

nicotinamide and acts by lowering the efficiency 

of the electron transport system making e~rgy 

'unavailable, it is logical ta assume that flooding the 

system with nicotinamide or other high energy intermediates 

May serve as a source of protection to the G~ treated 

animal. ..... ..v 
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Pinsky and Fraser (1960) found that a single dose 

of 6AN glven simultQncously wlth nlcotlnamide on 09/12, 

DlO/12 and 011/12 of gestatIon in QIce rcspective1y, 
1." v 4 

caused no increase in the frequency of resorptions or 

malformatIons. But the effectlveness of nicotlna~ide ln 

protecting the ewbryo agalnst 6AN decreases with time. 

Overman et al (1972) found tha~ by ~reloading 

chick ernbryos with nicotinamide prior to treatrnent with 

6AN (100~g of nicotinamide to 10 ~g of 6AN), no gross 

malformatIons were found. Simultaneous administration 

of nicotinarnide \vi th 6AN produced· the sarne resul ts. But the 

sarne leve1 of nlcotinarnide had little protectlve value 

fol10\ving previous treatment wi th 6AI. Nhen nlcotinarnide 

was given after 6AN treatrnent, the number of ernbryos 

that were protected decreased rapid1y with tirne. When 

nicotinarnide was given 24-48 hours after administration 

of 6AN, it was found to be ineffective in protecting the 

ernbryo against the teratogen. 

Verrusio (MCGlll thesis 1966) found that the amount 

of nicotinarnide required for protection against 6AN aiso 

varies with the strain of mice used. He found that 

C57Bl/6 Mlce needed less nicotina~ide than ~/J mice to 

counteract the effect of 6AN. A/J mice needed one and 

a half times as much nicotinamide as C57B1/6. 
v 

Perhaps 

C57Bl/6 is able to metabolize nicotinamide in a more 

efficient manner. 
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Landauer and Sopher (1970) found that high energy .. 
intermediates sueh as suceinate, glycerophosphate, and 

aseorb~e great1y redueed the teratogenie effects produeed 
/ 

by 6AN. They eoncluded that these eompounds counteract 

6AN by eounteraeting the interference 'lfTith cellular 
, 

energy-~roduction ln tissues in whieh the teratogens are 

1ike1y to produce their specifie effèets, a1though 

Chamberlain found ATP, \'1 hich -is a high energy intermediate, 

produeed no such effeet. 

. .. 

<, ) 

(1 
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Effects of 6AN on Mucopolysaccharides 

It has been shown that the mesoderrn in the region 

of the head is mostly derived from neural crest cells. 

In the head of the chick these neural crest cells'seem 
• 

to migrate through a matrix largely cbmposed of muco-

polysaccharides (Johnsto~o~rsonal~. If anv ~isturbance 

of the matrix occurs, it seems logical that the migration 

of neural crest cells may also be disturbed. Failure 

of neural crest cells tOI reach the facial region of an 

embryo may result in malformations of the face. Smith 

and Monie 11969) have found that cleft lip in rats may 

be caused by mesenchymal deficiencies. This may be 

suggestive of failure of neural crest migration. 
'/ 

Koc~~ar and Larsson (1968) suspected that sorne 

teratogenic agents act at least partly by altering the 

~esoderoal cissue via biochemical changes in mucopoly

saccharide synthesis. in order ta test their hypothesis 

'they administered 5 35 in the form of sodium sulphate 

to mice at the time when the teratogen was ~troduce& 

and found that cortisone caused a decrease in the uptake 
"-

of s35 whereas vitamin A resulted in ~ 'higher level of 

35 uptake of S . Thus congenital malformations may be 

a result of morphological disturbances in the embryos 

caused by alterations in their metabolism oô acid muco-

polysaccharides. 

• • 

, ~ . 
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Overman and Beaudoin~(1971) were also impressed 

that mucopolysaccharide synthesis was affected in teratogenesis. 

35 ' 
They measured the arnount of S -sulphate in heart tissue 

after treating mice with GAN and found that there was 
, 

inhibition in the rate of sulphate uptake in vivo. 

Seegmiller et al (1972) working with chick embryos 

found that GAN produced rnicromelia when introduced into the 

embryos on day 4 of incubation. 'hen sections 

limbs were stained for mucopol~s/ccharide with 
1 

of these embryonic 

toluidine 

blue, the extracellular rnatrix around the chondrogen1c 

cells showed a reduction in metachromatic staining. 

Futher investigation (Overman 1972) using s35 in the form 

f d ' 1 h t d S35 , . . d' . o SO lum su p a e an lncorporatl0n as an ln lcatlon 

of the amou~t of rnucopolysaccharide present, demonstrated 
" 

a selective inhibition of s35 incorporation by GAN. Also 
,f, 

they found protein synthesis,measured by inc~poration 
3 • 

of H-leucine was unchanged in the treated embryos. 
f 

The above evidence implicates alterations in 

mucopolysaccharides as playing a role in teratogenesis. 
~ 
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the qum behind lt} is formed frOM the lateral and the 

medi~l nasal processes, their adlacent mcsenchy~e and the 
.' 

~axillary processes. In,the ~ouse, the nasal placodes 
~, 

are apparent at 09/2 hours of qestation, ann a~pear 

slightly beforc the lens placode Eor~ation a~ a thlckenlng 

of the enlthellu~. At this ti~e the neural tube is stlll 

" 
open. Thé(~ctodermal thlckenlng is at flrst adjacent to 

the neural tissue in the forebrain area, and this thlckenlng 

lSf pushcd away from the neural tissue by invading mesenchy~e. 

The mesenchyme ap?ears to have arisen fron ventrolateral 

sectors of the cephalic epitheliurn induced by the 

prosencephalon {Pourtois 1972}. The nasal DIacodes, 

~owever are induced by parts of the forebrain that will 

event~ally become the 6lfactory lobes {Jacobson 1963 a & b}. 

The ~esenchyme that surrounds the nasal placode 

• 
area is an integral part of the facial swelllngs or 

processes. This mesenchyme originates from neural 

crest cells. Johnston (1966) who dld a study on the ~igration 

of cranial neural crest cells in chick embryos using 

" trElnsplanted segments of radioactive neural tube to 

unlabelled hosts found that the labelled neural crest cells 
{ 

~igrate anteriorly and posteriorly ~round the developlng 

eye in sheets to the ~ace region. 
• 

• 

These mlgrating neural 

l, 
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crest cells diverge less as they approac~ th2 olfactory 

placodes, the y then p!oliferate, giving ris2 to the medial, 
, 

laterùl ùnd max~llary proccsses. He d~~ another study 

that ~nvolved the removal of se0m2nts of mid or forebra~n 

neural crest cells prior to migrat~on (Johnston 1964) 

in the ~h~ck and found that thesc embryos ultimately 

had absence of or deficient fronto-nasal mand~bular 

processes. If he removed the neural crest cells from 

the forebrain region, he often found clefts of the primary 

palate and removal of one sidc of the forebrain neural 

crest gave rise to unilateral clefts of the primary 

" 
palate on the same side . 

Pourtois (1972) suggested that the next step that 

followed was an increase in mitosis causing an increase 

in the size of the lateral, medlal and maxillary processes. 

Concurrent with this, there is a localized lncrease in 

intercellular adhesiveness wlth localized increase of 

volume and the number of cells. 
1 ~ 

As a result, the base 

starts invaginating and this depression gets more pronounced 

by the raising of the edges of the placode and by the 

moving in of the adjacent mesenchyme. This lnvagination 

eventually leads ta the formatlon of a nasal groove. J 

The nasal groove deepens due ta the elevat~on of its 

borders by the lateral and medial nasal folds. These 

start to fuse because the fa Ids converge, and fusion , -, 
, 
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takes place in an postero-anterior direction starting 

from the isthmus (Pourtois 1972, L9jour and Jeanty 1965). 

Fusion involves the formation of an epithe1ial searn 

and its ~~s9~tlon (Tondury 1961). This may invo1ve 
-,~ ~ - - """lo 

t~ 

cellular auto1ys:i.s (Pourtois 1972), straining, alteration 
. 

of basement membrane and phagocyto3is (Pourto~s 1970). 

J If aIl the above steps progress in a coordinated 

manner, in the correct spatial relation at the critical ,. 

tl~e, a normal primary palate is formed . 

• 

, 
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Malformations of the Primary Palate 

The common malformation involving the primary palate 

is a laterai cleft lip that occurs either unilaterally or 
~ . 

bilaterally. Numerous authors have concluded that a cleft 

of the face is formed because of the fa1lure of fusion 

of the lateral and medial nasal processes. This failure 

of fusion may be due to failure of the processes to 

approach each other resulting from an underdevelopment. 

Another possible explanation is that fusion takes place 

but the fusion cannot be maintained, or an incomplete 

fusion is present. 

Reed ~933) supported the theory that fusion did 

not occur because of retarded growth in-khé'/facial processes. 

This rnay be caused by failure of neural crest to migrate, 

therefore reducing the volume of mesoderm (Johnston 1964). 

S~ark (19S~) also felt that mesodermal deficiency may 

ultimately result in a cleft. 

Underdevelopment of lateral and medial nasal 

processes may also be due to cell necrosis. Lejour (1970) 

\ Norking with rats found that Hadacidin give~ to rats 
\ . 

auses ce1Is to die in the olfactory p1acode under1ying 

soderm that resu1ts in a delay or failure of the nasa1, 

ocesses to fuse. 
1 

Both Pourtois (1972) and Lejour (1970) felt that 

even if fusion did occur, there could be a partial .or a 

complete reopening of the nasal groQve resu1ting in a 
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partial or who1e cleft. 

This fai1ure to fuse mày also result from differences 

in direction of growth of the processes, that is these 

processes may fai1 to maintain a certain degree of 

approximation (Fraser 1971), or in mice that are pre-

disposed to having c1eft lip, there is a lack of divergence 

of the medial processes towards the 1atera1'processes 

(Trasler 1968). 

Another the ory of formation of a cleft suggested 

by Tondury in 1961 is that the epithe1ial wall fails 

to deve1op. He regardeà a primary cleft as "having 

arlsen in consequence of the discontinued development of 

the epithelial wall" and the cause of this fau1ty 

development to be from "defective growth of the 1aterai 

nasal swelling." 

Veau (1938), however, felt that a cleft is forrned 
'p , 

by incomplete substitution of the epithelial wall by 

mesenchyme. Yet another author, Steiniger (1939) felt 

that it was a rupture due to cysts in the e~thelia1 wall 

that produced cleft lips. 

Not much is known about the formation of a median 

cleft 1ip. It has been suggested that a lack of tissue 

in the centre of the face (medial processes) may result in 

a median cleft 1ip (Fraser 1971). DeMyer (1963 a & b}J 

suggeated that median ciefts of the face may be a resu1t 

\ 
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~ of ma1deve10pment of the prosencepha10n or forebrai~. 

This the ory can_bc supported by the fact that forebrain 
• 

forrnatio~~ls important in inducing nose formation (Jacobson 
- " 

1963 a & b).c Gruneberg (1960) found that median clefts 

may be formed because of mechanical obstruction between 
{ ~ .... -

the two medial processes (by a liquid fil1ed bleb) 50 
l} 

that f~sion cannot occur. 

-' 

" 

. ,-

, , 

\ 

" 
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The Role of Face Sha~e in the deVeloprncnt of the LlO 

In the formation of u normal féJ.ce, norr.1éll develo:Jment 

depends on the activlty of growth centres 1n t~e early 

embryo as described by Stark (1954). In the aIder 

embryo, the formntlon of a normal lip depends on the 

merglng of the posterlor ends of the ~2dial nasal and 

laterai nasal processes with the mediai end of the 
r 

maxillary processes. 

It ri-as been postulated that the topography and 

growth of the faclal processes is somehow related to 

formatlon of a cleft lip. ~ ~. 

the 

, 

Trasler (1968) '.'lOrking '.vith mice \vi th a predisposition 

tO\\lards cleft lip (A/J strain that has 12% spontaneous,-

cleft lip), found that these mice had a different embryortic 

facial topography than a strain of mice (C57B1/6) that 

v~rtually never has spontaneous elaft lip. She examined 

the embryonie faces just before and during lip formation. 

\'Jhen the embryonie heads were vlewed from the front, the 

AjJ embryos were found to have less divergence of the 

medial naSal p~ocess4~ from the midllne whep compared 

to the C57BI/6 embryos. This lack of divergence may· 

result in partial or complete failure of the epithelium 

around the isthmus to fuse, subs 8.Juently caJ,l.Sing ,jbreak-
f 

down in the isthmus. The breaking down or lac~ of 

consolidation of the isthmus leads to the formation of ~ 

cleft IIp in the A/J embryo. She also found that the 

(' 

~. 
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C57Bl/6 c~bryos had a wider pro?ortioned face, that is 
< 

the anterJ.or 11ml ts of the nël.sal pi t Fere 1Jlaccd further 
Ii"!~ 

apart on the face \VhGn cornpared to that of the A/J strai$b. 

Hamly (1971) produced two lines of micG through 

several generations of selection -- one line respond~d 

to the tcratogen' 6A~ by pr-oducing lateral c1eft lips and 

tQe other Ilne respondc~prOdUcinq ~edian cleft Ilps. 
~!- <,.. . 

The ldea \-las that the em.1:>ryo~nc face shape of these two , \ 

lines of mice would differ from one another, and hopefully 

there would be a correlation between the shape of the face 

and the kind of cleft obtalned. She suggested that by 

selectlng for a difference in the type of teratogen-

induced cleft IIp response she was ~lso selecting for 

a difference in face shape. She was able ta show that 
/' 

the nasal placodes of the embryos from the line that 

responded with a median cleft hdd more \-lidely spaced 

placodes than the embryos from the 11ne that produced 
-

laterai cleft lips with 6AN. But the sampLe size was 

extremely small (two in each case) 
# 

and the results were 

not conclusivj;! . . 
The selection experirnent was continued by Rajchgot . 

(1971) .. He continued ta sel.e~t for a line of mi,ce that 

responded with Iateral cleft lips to 6AN and a line that 

responded with median cleft IlpS. He examined the faces 

of untreated embryos from females who had reacted 

, 0 
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positively in previous pregnancies with the appropriate 

type of cleft and found no difference in the two lines 

'(Rajchgot 1971). 

Rajchgot (1971) also examined embryos from C57Bl/6 

females that were treated with 6AN on 09/12 of gestation 

(this treatment produces rnedian cleft lips). He had 

found that the embryonic face shape was unchanged in 

the treated embryos, but the size of these embryonic 

heads were reduced and the nasal placodes were thinner 

' . ..,hen compared to the untreated embryos. 

Smith and Monie (1969) also looked at the face 

area of Long Evans rat embryos after treatment with a 

~eratogen ~o see if the face had changed. They found 

~::'at the. emb=yos that had lateral cleft~, lips had unde:r

~eveloped naxillary processes and abnormal subdivision 
, ~~ 

~~ the maxillary tissue. In embryos that had median 

cleft li?s, they found the naso-medial processes had 

fa':'led ta marge. 
\ 

l' 

! 
f 

1 
The role of the shape of the face in cleft lip 

*' 
formation has also been investigated in human subjects. 

Aduss et al (1971) looked at ~~e interorbital distance 

of cleft ~ip patients and a control population. The 

interorbital distance was rneasured, on lonaitudinal postero

anterior roentgencephalograrns.; ,They found that patients 

with cleft lip and palate had a greater interorbital 

distance than patients with only cleft palate and they 

/ 
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felt that this incrcase in interorbita1 dlstance may be 

a result of a~normal develo?~ent in the naso-frontal 

process 'vhlCh wi 11 also a ffect the lio. Tins same grau? 

of \vor:"kers also found that th'2 goniail angle W;"lS larqer a!1c1 

the anterior cranial fossa was More elevated in the cleft 

lip po~ulation than the non-cle:t popuDation. 

Another approach ta the ~ethod to examine the role 
, 

of face shape in cleft 11D lS to examine the oarents of 

cleft lio patients and compare them ta parents of a 

non-cleft population. Pashyan and Fraser (1969) carried 

out a study to try to find if there were a·ny relationship 

bet\veen parents \vho had children \vi th cIe f t lin and parents 

that had normal children. They studied various measurements 

and contours on the face by using a physioprint, and 

found that the intraocular-chin meaSurement and the 

dyzygomatic measurement was larger in parents with cleft 

lip children~ There was also a tendency for the anterior 

surface of the maxilla to be flatter in the experimental 

group. They also found that the oarents of cleft lip 

children had facial profiles that tended to be receeding 

or vertical and the non-cleft lip group ta 

the convex "shape. There was also a higher 

be ·more··of 

p/oportion 

rectangular and trapezoid faces in the parents of cleft 

li? children, and the symmctry of the nostrl} did not 

of 

seem to be involved. They concluded that face shape is a 

predisposing factor for being susceptible to cleft li? 
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• It has been found that mice that are homozygous 

for the dancer gene (De/De) have a unilateral or bilateral 

cleft lip as weIl as cleft palate, and therefore die (Deol 

1966a). On examination of embryos heterozygous for this 

gene, it was found that most of them posfess abnormalities 
" . 

of the inner ear which were confined to the vestibular 

part. These animaIs exhibit abnormal behaviour such as 

jerking movement of the head, a tendency to run in 

circles and hyperactivity. Undoubtedly, their abnormality 

~n behaviour is connected to their malforméd inner ear. 

These dancer mice usually have a white spot on the 

• ~iddle of the head . 

It ~as been suggested by Deol that the neural tube 

and neural c=est have a definite raIe the differentiation 

of the inner ear (Deol 1966b). Evidence supporting 

this theory ha been produced by transplantation experimenbs 

~~ b~rds and amphibians. 

Role of the Neural Tube in Inner Ear Malfornrations 

A study made of mice with the kreisler gene showed 

that they had abnorrnalities of the inner ear. Deol (1964a) 

showed that besides abnormalities of the inner ear, there 

also exist abnormalities of the neural tube in these 

kreisler embryos. The abnormal neural tube was spread 
. 

over at least three rhornbomeres and covers th~ floor as weIl 
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l~') 

as the roof of the tube, and the flfth and sixth rhombornere 

'vere aiso ~issinq. This could rcsult in th~ unavailabillty 

of the normal place of invaqinatlon of the otic véslcle. 

Deol (1964b) aiso shmled that in another strain 

ear mutants (dreher dr/dr), abnormallties in the 

tube were observed at least a day before the abn 

of the inner ear. He postulated that the primary effect 

of the dr gene was on the neural tube accompanied by an 

impairment of its lnductive function. 

Deal (1966b) also examlned mutant mice where the 

neural tubes are known ta be abnormal but with no known 

defects of the inner ear. The mutants exarnined were the . 
splotch (Sp). mutants and the loop tail (Lp) mutants, the 

homozygotes in both these mutants a&e lethal and have extensive 

abnormalites of the neural tube. On examination of the inner 

ears of Sp/Sp and Lp/Lp embryos, the majority of the ernbryos 

showed abnormal differentiation of the otic vesicle . 
. 

When the above evidence was considered simultaneously 

with the knowledge available on the kriesler and dreher 

mutants, it seemed very likely that the differentaition of 

the inner ear is controlled by the neural tube. 
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The Acoustic Ganglion and the Inner Ear Mut?nts 

In sorne of the inner ear mutants of the mice, 

it was found that the acoustic ganglion is affected. In 

the kriesler mutants (kr) the acoustio ganglion is greatly 

reduced and it seldom divides into its usual constituents. 

In the dancer mutants, the abnormalities af the inner ear 

could be trac~back ta the ten day stage. In the affected 

embryos, the acoustic ganglion appears to be smaller and 

has inadequate coverage over the otic vesicle. In a normal 

embryo the acoustic ganglion is divided into its cochlear 

and vestibular ganglions on day eleven of gestation, the 

mutants at this stage showed a reduced or complete absence 

of the vestibular ganglion. There have been suggestions 

~ha~ the acoustic ganglion is of neural crest origin 

(Bartelmez 1922, Adelmann 1925). The presence of a white 

spot on the ~ead of the dancer mutant (hypopig,mentation 

du~ te lack of melanocytes) and a deficiency of cells in 

aceust1c ganglion suggest that the neural crest cells 

nay be the site of action of these dancer genes. 

One of the derivatives of the neura~ crest 

cells are melanoblasts. Deol has suggested that pigmentation "-and inner ear defects which involve the acoustic ganglion 

are related via the neural crest celle l have already 

mentioned previously, dancer embryos with inner ear 

defects also have a white spot on the middle of the head. 

Three other genes af~ecting the inner ear, which also affects 

' .... 
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the pigmentation of the mice,have been found. The paIl id 

gene (Lyon 1955 a & b), a recessive gene that causes 

dilution of the coat colour also affects the inner ear of 

the mouse. These inner ears lack otoliths in thë sacculus 

and utriculus. The otoliths are secreted by the macula 

which May be formed as a re~lllf: of interaction between the 

acoustic ganglion and the otic epithelium. The hypo-

pigmentation and lack of otoliths (malfunction of the 

acoustic ganglion) have a cornrnon link -- they both May be 

derived from the neural crest cells. 
\j 

Cleft LiE, CIe ft Palate and Inner Ear ~utants 

The ~utant gene twirler was first discovered by 

Lyon in 1958. The heterozygotes showed abnorrnal behaviour 

such as Je~~ing of the head, circling and absence of 

postural ~e=lexes. This abnormal behaviour was attributed 

"to abnormal inner .. ears. The homozygotes soon die iifter 
~ 

blrth and a large percentage of them exhibit cleft lip 

together with cleft palate (13/30) or cleft palate anly 
*' , 

(17/30). TheSè homozygotes have aIl found ta have defective 

inner ears. 

Another gene that produced similar effécts was the 

dancer gene (Deol 1966a), th~ homozygotes of this gene 

also had cleft lip and cleft palat~ as weIl as inner ea+ 

defects and lack of pigmentation on the top af the head • 

It May be reasonable ta associate these malformationlwith 
, 

abnormality of the nervous system which ultimately leads 
() , 

.' 
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• to the suspicion that the neural crest is also involved. 

• 

• 

/ 

/ 
/ 

• 
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EXPERINBNTAL HYl?OTHESIS 

In order to [lnd out whethor t~ lS any relation-

ship between and or common mechanlsm lnC\he formatlon 

of cleft 11pS caused by : a single,~utant gene -- the 

dancer gene, by a multifactbrially inherited predlsposition 

in the inbred Cl/Fr strain, by a teratogen - 6-aminonicotlnamide, 

answers to the following questions were sought: 

A. Are the general development of (C57Bl/6) embryos treated 

with 6AN and embryos carrylng the danccr gene on C57BI/6 

background the same as that of C57BI/G embryos \Vhich,' 
\ 

are used as controls? This may be checked by observing 

rnorphological developrnent of the teratogen treated 

embryos and embryos carrying the mutant gene. 

B. Are there any dlfferences in growth of the face area 

in particular in the GAN treated embryos and mutant 

gene embryos that may lead to the formation of a 

cIe ft lip? 

The development of the nasal placode, mitotic index 

and histo~ogical studies will provide the answer 

to whether 6AN retards growth, inhibits cell proliferation, 

or cause cell death in the face area. 

C. Are'there differences ln the embryonic face shape 
~~ 

of 6AN treated embryos, dancer gene embryos and Cl/Fr 

embryos from the cont~l (C57Bl/6) embryos and if 50, 

what kind of differences? 

... 
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) 
Tt has been shown (Trasler 1968) chat cmbryos predisposed 

û 

to forming cleft lips have a dlfferent embryonic face 
((~ 

shape then embryos that are resistant ta formin~~~~ 

cleft lip. , Face shape measurements donc on embryos 

treated with 6A~ and embryos carrylng the dancer 

gene plus embryos that have a muitifactorially inherited 

predisposition towards cleft lip ma~ provide the 
, 

clue to the role of face sha?e in cleft lip formation. . ~ 
D. Are there any differences between embryos treated 

, 
with 6AN on D9 and producing median cléft IlpS and 

embryos treated with 6AN on DIO and producing laterai 

cleft lips? 

Comparisons of deve10pment of th~ face, mitotic index 

of the head, shape of the face may yield clues as 

ta the mechanisrn of formation of either a lateral 

~ or the formation of a median cleft lip. 

\ 

, 
1-. 

.1 
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"'11\.TERIALS AND rmTHODS 

:1ù.intE(}1ance 

The mice were k~pt at a room te~perature of 71 + 2 0 F 

wlth a light cycle of slxteen hours of light and eight hours 

of darkness. They were kept in plastic cages, flve 

or less to a cage and were malntained on Purina Laboratory 

Chow and water, availab1e to the animaIs ad libitum. 

Who1e wheat bread soaked in whole milk with lettuce 
~ 

was given ta the mice once a week. 

A male was p1aced in a cage containing four tb 

flVC females late ln the afternoon, and the females were 

checked for vaginal the following mornlng. 

AnimaIs 

Pive experimentai groups of animaIs were used: 

1. Control group 

C57BI/6 females were used as the control group 

of animaIs. Females with a vaginal plug were considered 

day zero of gestation with the assumption that fertilization 

\ 
had occured at around 2AM the same morning (Snell et al 1940). 

These femalcs were tHen sacrificed and their embryos 

collected at different gestational timcs, starting from 

D9/12 to D12j12 of gestation. This period was chosen 

because it is the time just prior ta and up to completion , . 
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of IIp formation.- ThlS straln of mice has shown virtually 

no spontaneous cleft llpS from a long perlod of observation 

in our laboratory~ 

2. Teratogen-induced Medlan cleft lips 

C57Bl/6 females were mated to C57Bl/6 males, the 

resulting pregnant fcmales were glven a standard dose of 

6AN intraperitoneally (19mg/kg body welght) at 0~/12 

of gestation with a protecting dose of nicotinamide given 

three hours later (7.3 mg/kg body weight). 6AN was made 

up in a solution of distilled waler, the concentration 

being 45 ~g per 20cc while nicotinamide had a concentration 

of 17 mg per 20cc of distilled water. The frequency of 

cleft lips ~as determined by sacriflcing the treated 

females between D18-0l9 of gestation and tD~ embryos 

were examined for cIe ft lip and other abnormalities. This 

part of the experiment was first carried out by Trasler, 

then by Rajchgot in our laboratory. The frequency of 
) 1 

median cleft lips in the 6AN treated embryos was found ta 

be 18%. (Frequency quoted is that obtained by both Jf 

the above authors.) After the cleft 1ip frequency had 

been dete~mined, ~pregnant.females were treated with 6AN and 

embryos were subsequent1y co11eçted from mothers at 

different gestational stages starting from Q?/18 fsix 

hours after treatment) to 012 when the development of the 

lip has been completed. 
o 
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3. Teratogen-induced Lateral cleft lips 

C57Bl/6 female,s were m~ted to C57Bl/6 males and 

the pregnant females were given a standard dose of 6AN 

intraperitoneally on 010/8 of gestation foilowed by a 

standard protective dose of nicotinamide three hours 

later. The incidence of Iaterai cleft lips and other 

\abnormalities wer~ determinerl by sacrificing the mothers 

around 019 of gestation and examining the embryos. The 

embryos were found to have a lateral cleft lip frequency 

of around 22%. (Eight litters of 43 viable embryos-

were examined and nine of which had laterai cleft ]ips.) 

Teratogen treated embryos were collected at different ,~ 

gestational times starting at 010/14 (eight hours after 

treatment) to 012 of gestation. 

4. Gene-Induced Lateral cieft lips 

The C57Bl/6 strain of mice is usually very resistant 

to the formation of spontaneous cleft lip. When mice 

of the dancer stock carrying the dancer (Oc) gene were 

outcrossed to C57Bl/6, it was found that animaIs carrying 
~ 

the gene in a single dose had cleft lips. (On dancer 

stock background only homozygous De/Oc have cleft lip.) 

In the firs~ outcross of C57Bl/6 to a Dc/+, 0% cleft lip 

was found where the mother was a C57Bl/6, and 3.9% lateral 

cleft lips were found when the mother was a Dc/+. In the 

third backcross to C57Bl/6, the frequency of cIe ft lip 

has increased to 26.4% (C mother) and 37.5% (Oc/+C BC2) 

mother'. 50 we now have a gene that induces cleft lip 
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~lhen present on a predominantly C57Bl/6 background 
o 

(upper limlt Of 87.5% C57B1/6 at the t~ird backcross with 

5% varlation due to the fa ct that we select for Dc 

every time).~ The frequency of cleft lips of the original Q 

outcross and subsequent backcrosses can be seen in' 

Table 1. This data was co11ected fram January 1967 to 

June of 1913. Embryos of the cross C57Bl/6 X Dc/+C (BC2) and 

its reciprocal backcross were col1ectcd. 

5. Spontaneous cleft lip producing strain 

Cl/Fr is a strain of inbred mice maintained by 

Fraseq in this l~boratory that has a spontaneous frequency 
-

of cleft lips of around 26% in viable 017 foetuses. 

Embryos of this strain were collected from DIO/20 to 
B 

011/8 of gestation for the study of embryonié face shape. 
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• 

Table l The cleft lip frequency of th~ original outcross 

of C57Bl/6 ta Dc/+ and their subsequent back-

crosses to C57Bl/6 

• Cleft lip Max. % of C 
Fema1e Male Frequency %CL background 

C57Bl/6 Dc/+ 0/91 0 50.0 

-- Dc/+ C57Bl/6 2/51 3.9 50.0 - "- ~ -

C57Bl/6 Dc1+c (FI) 59/434 13.6 75.0 

Dc/+C (FI) è57~ 21/164 12.8 75.0 

,,_~ èil C57Bl/6 65/342 19.0 87.5 ?ï Dc/+C(BCll C57Bl/6 17/76 22.3 87.5 

~57B1/6 Dc/+C(BC2) 71/269 26.4 93.75 G 0+ciBC2l j C57Bl/6 9/24 , .. ,37.5 93.75 

------ " , ". r. t'., r •• , .... , 
f ~ , ,. 

"" t., •• , ••• r" r r r. 

,', 

.. ' .. ,.... \ .. , 
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Morphological Rating 

AlI embryos were collected by removing the uterus 

and fixing the wnole uterus with its contents in Bouin's 

solution for a minimum of· 24 hours. They were then 

transferred to 70% alcohol and stored until ready for 

examination. The embryos were then dissected out from , 
the uterus and were rated morphologically for the nurnber 

of body somites, fo~e and hind limb stages, stages of 

development of the optic vesicle the auditory vesicle 

and the stage of development of the' nasal placode'~: A 

numerical scale assigned to the various stages of nasal 

placode development is described in Table 2~ 

:·~i totic Index 

The heads of the embryos were removed and kept 

in 70% alcohol until they were ready for histological 

sectioning. 
1) 

These heads were th en dehydrated through 

an alcohol series, ernbedded in Tissue Prep, and seriaI 
"""" '" , , ... 

'. , , '1. " 

sections eut at éCth'ïckness of six microns:'i 'They were 

stained with Erlich's haemotoxylin and cou~er-stained 

with Eosin Y. 

The number of mitoses were counted within, the area 

of ~)l sq cm grid iç the eye piece for every fifth 

section in both the neural and the nasal placode area 

at a magnification of l,OOOX (oil immersion). Only 
" . 

metaphases, anaphases and telophases were counted as mitosis 

/ 
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as prophases "was not weIl defined. The number of cells 

in the grid area were also counted and the mitotic index. 

was established as the number of mitosis per hundrerl cp-lls. 

Example: 

Mitotic index of the nasal placode area of one embryonic 

head 

~x = sum of mitoses of nasal placode of aIl sections 

counted per unit area 

~ = number of sections counted 

x/n = number of mitosis -per pnit area 

:1i totic index = Numbër' of mitosis per unit area 
X 100 

Number of nuclei per unit area 

1 

H{stological Observations 

Photo~icrographs of the sections were taken us1ng 

?anatomic X film. The shapes of cells, density of cells, 

, cell death and the overall outlines of the nasal processes 

·.vere observed. 

• \. 

f 
1 
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Table 2 Nasal Placode Stages 

J 

> Stage a Bulge 'or indentation 

Stage l Oval /) 

Stage 2 Oblong 

Stage 3 Crescent 
r .1 

Stage 4 Comma 

These are the same nasal placode stages described by 

Trasler (1968) and ~ajchgdt (l971). 

" 
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Face Shape Measurernent 

~ The heads of the embryos were removed when rneasure-

ments of the face were ~ade. The lower jaw was also 

. , 
removed to give a better vle~ of the inferior aspect 

of the face. These heads were photographed with a polaroid 

camera that was connected to a dissectlng microsco~e, 

the resulting photograph had a magnificatlon of 28X. 

Each embryonic head was photographed in two different 

positions. First in the inferior position showing the 

nasal placodes (Figure lA) and then in an anterior 

position showing the angle forrned by the medial nasal 

9rocesses. A series of measurements were made on these 

photogra?~s. Distances were measured with a oair of 

calipers, usually at least twice and areas were measured 
1 

--by a pla~i~eter. (Linear ~easurements in ~m and areas in sq in.) 

'leasure~e~ts made on the inferior view (Figure lA) 

1. The distance between the anterior 1imits of the 

nasal placode --- Db 

2. The widest distance of the head at the level of 
~ 

the nasal placode --- Dba 
1 

3. Area of the inferior view enclosed in the black 

heavy line -- Ab 

, 4. The sum of the width of the two lateral processes 

was calculated as the difference between the ~idest 

distance of the head at the level of the nasal placo~ 

and the distance between the anterior ~its (Dba - Db) . 

.' 
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Measurements made~on the ~ront view of the embryoni~ 
~\ 

face (Figure lB): 

1. The jut measurement ~ indicated by J in Figure lB. 

2.rJ Area of the' front vie~v enclosed by the black heavy 

line Af. 

c \. 

.! 
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~--- L at.ral proe." 

Nasal pit 

-----4~-- Median proe"s 

Maxillar)' proe", 

Roth". s poeleet 

FIGURE lA INFERIOI VI EW OF THE .. 
EMBIYONle HEAD 

Cerebral h .... ispher. 

Lateral proc", 

Maxlllary P'OC.U 

".. 
Median proc", 

FIGURE lB FRQNT VIEW OF THE 

EMBRYONle HEAD 

\ 

IJ 
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Stat1st1cal AnalYS1S 

A two tail t test for difference between the rneans 

\laS used when comparison of two sets of measurcments or 

values had to be analyzed. This analys1s involvcd the testing 

of the null hy~othesis, that lS 

H, 
o 1-2 = 0 against the alternative of 

If H is rejected, then a difference exists between 
o 

the two means. This is a two tai1 t test because it is . 
a non-directional test, that is two tails or two sides 

of the distribution are ernployed in estimatirtq the 
{) 

probab11ities. The formula used to·obtain the t value 

is extracted from "Statistical Analysis in Psychology and 

Educat1on" by G. A.=Ferguson. 
. 

It is used to~test the difference between means 

when population variances are unequal" 

x y 
X ~X y 5...Y = = t = nI n

2 , 
J sx2 + Sy2 

S- - L {X - 50 2 
+ 2. {Y - y)2 ~ SX

2 
+ = x-y 

nl(n l 
- l} n 2 {n2 - 1) 

2 
Sy 

t: 
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RESUL'I'S 

Normal Development of the Nasal Placodes 

In the C57Bl/6 lnbred embryos, the nasal placode 

appears as thlckenings on the surface of the eoithelium 

. around 09/12 hours of gestation. Sorne of the embryos have 

placodes that may appear as Sllght indentatlons and others , 

have shallow ridges already formed around the indentation. 

As the embryo continued to develop, the thlckened ectoderm 

in the placode area grows in thickness and starts to 

invaginate resulting ln a definlte indentation on the 

surface of the embryo in the future nasal pit area. 
~ 

Invaglnation begins at around 010/8 of gestation. At 

this time, the embryo can be seen to have dlstinctive 

lateral nasal and medlan nasal processes. 

vJhen these embryos were exarnined on DIO/12 of 

gestation, the nasal pits were invaginated further. On 

the surface they appear to resemble the shape of an 1 

oval, with sorne of the' more advanced faces having nasal pits 

resernbling an oblong in shape. By DlO/20 of gestation, 

that is eight hours later, the lateral and ~dlal nasal 

processes begin to approa~h one anothér and externally 

they surround an oblong shaped pit and the more advanced 

embryos have nasal pits that resemble a cres cent in shape. 

The lateral nasal and medial nasal processes start 

to fuse by Dll/12 and where fusion has occurs, epithelial 

breakdown is.observed histologically. Externally these 
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pits look like commas, with-fusion starting at the posterior 

end. Nasal pits may be found to have half fused processes 

while others may be completely fused. 

By 012, fusion of the nasal processes over the 

pits has been completed and one would be able to identify 
/") 

cleft lip ernbryos, if an~ by the lack of fu~ion between 

the lateral and medial nasal processes. 

Each nasal placode stage was assigned a numerical 
/" 

value s-tar~t'ing wi th zero for the l~ast developed nasal 

placode and progress to a value of four for the complete 

fusion of the nasal pit. (See Table 2 in Materials and 

;!ethods) 

The ~asal placode stages for aIl groups are tabulated 

ln Table 3 and are plotted against gestational time in 

F~3ure 2. A linear increase or advancement in nasal 

oiacode stage is observed with increase in gestational 

age. 

,--

.. 
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AGE VERSUS NASAL PlACODE STAGE 

CONTROL 

OANCER 

09 TREATEO 

0---0 010 TREATEO 

D9/12 010 

1 

1 

1 

1 

p-
I 

1 o~ 
00 

1. 0 

00 i 
• 0 0 

D11 

GEST ATIONAL AGE .. ____ 

012 
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The Develoryment of Nasal Placodes in Embryos treated 

on D9/12 of qcstation 

Embryos \lere flrst examined on D9/l8 of gestation, 

externally the nasal placodes appear as slight bulges 

or thickenings wlth no indentations. In histological 

sections, the ectoderm of th8 nasal placqde ln the region 

of the slight thickenings, was found to be two to three 

cells thick. At six hours after treatment, the nasal 

placodes dld not seem ta be different outwardly or 

histologically from the control embryos. 

By 010/8, the~~sal placodes stiLl remalned as 

bulges with hardly any indentatlon on the surface. 

Histologically they showed thickenings of the ectoderm. 

They look retarded compare ta the controls whiéh already 

showed distinct invagination and the appearance of lateral 

and medial nasal processes. (Control nasal placode mean 

stage of 0.29 versus treated nasal placode mean 

stage of 0.0) The nasal placode mean stages of the 

controls and treated are tabulated in Table 3a & 3b. 

The nasal placodes still remained retarded on 

010/20 of gestation. The treated embryos showed a wide 

range of developmental stages, sorne of the placodes were 

beginning to invaginate , while others had progressed 

as far as the oval stage. They seemed to be around 

twelve hours behind in development when compared to the 
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(Control 2.71 vs 0.5 treated mean nasal placode 

The most retarded embryos may be the o~es that have 

r lcss ability to recuperate from the teratoge~!~nd may 

eventually form a cleft_l~p. 

( 

By 011/8 of gestation, the nasal processes around 

the pits of these embryos were seen to approach each 

other and the majorlty of them assume a crescent shane. 

The developmental stages of the nasal placode still covered 

a wide range, placode st~ges ranged from shallow ~ndentations 

to Jomma stages with their mean at late oblong stages. 

(Control 3.23 vs. treated 2.14) The 011/8 placodes 

were also retarded compared ta the controls. 

Only t\vO litters with a total of seventeen embryos 

were examined on 011/14 hours. They were found to be 

severely retarded and it was concluded that these were 

either late resorptions or the mating time had occured 

much later than normal. Sorne of these embryos had open 

neural tubes and incomplete turning of the bodies and 

these nave not been included in any comparisons. 

The nasal placode stages were tabulated in Table 

3b and they were plotted against the gestational age in 

Figure 2. l\ definite retardation in. devclopment could 

be seen starting around the middle of 010. 

Histological observations were made on embryos 

matched for their developmental age at the crescent 

" 
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l h h 
. , \ 

nasa placode stage rat er than c ronologlc~l age. 

Control embryonic h~ad sectlons showed a weIl 

formed lateral na~al process and a well developed medial 

process. Hhcn the control embry CE were compared to embryonic 

head sections treated on 09, these embryos appeared to 

haNe a markec:Hy reduce~ medial process, the reduction in 

size was probably due to a ~educed volume of mesenchyme. 

Figure 3 illustrates the reduction of the medlal process. 

The lateral process is also seen to be reduced, but the 

~eduction was not as prominent as that of the medial 

process. It is appropr1ate to note that 6AN when given to 

the pregnant female on 09/12 :produê'es median cleft lips 

in the offsprlng. 

The nasal placodes were retarded in development 

because the ti~e of treatment -- D9/12 hours may be a 

critical time for the formation of the nasal placode, 

6AN therefore had a very large effect on the development 

of the nasal placodes when adminstered at that time. 
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o 

Flgure 3A Transverse section through the embryonicc 

head of a Control embryo (C57Bl/6) showing 

weIl forned lateral and median nasal processes 
t1 ' 

at crescent nasal plagode stage (Dl~ 

Magnification : 64X j _-------
----------Figure 3B .A higher magnifica~~~ the nasal placode 

.. ~~~ 

that is ShOwI}/In- the lnset of 3A. 

Hagnifl tian : I26X 

Figure 3C Tr sverse section through the head of an 

Figure 3D 

embryo that received 6AN on D9/12. ~te 
Il 

the reduced medial processes and the smaller 

laterai pracesses· at crescent'nasal placode 

stage (bil/S). 

~agnification : 64X 

A hi9her magnification of the nasal placode 

that is shawn in the inset of '3e. 

Magnificition : I26X 

4." 
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Developrnent of Nasal placodes in Embryos treated with 

6AN on 010/8 of gestation 

The pregn~nt fernales in this series w~re treated 

on 010/8 of gestation. The firs~ group of treated embryos 

examined were on DlO/14, six hours after treatment with 

6AN. 

At DIO/14, the nasal placodes appear either in the 

shape of an oval or were still at the shallow indentation 

stage with the majority at shallow indentation stage. 

~~hen cornpared with controls whose nasal p1acodes had 

assumed an oval or oblong shape (1.21 vs. 0.14 nasal 

?lacode mean stage); they were retarded significantly. 

This is de~cnstr~ted in Fiqure 2 wheT~ the nasal placode 

s~ages are plotted against gestational age together 

~ith the controls. 

When these treated embryos were examined on 

~10/20, they were found to range from a bulge to a 
\ r 

cres cent stage, with the majority of the embryos at 

oblong or crescent stages. These were not found to 

be different from the control animals, although a larger 

range of placode stages were observed when compared ta 

the c6ntrols .. This may be due to the fact that not all 

embryos were affected by 6AN to the same degree. 

By 011/8, these treated embryos had reached late 

'. 

~I 
, 

t '. 
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cres cent or ea~1y comma stages with sorne only slightly 

behind in development compared to the controls (Control 

3.23 vs. treat~d 2.29 nasal placode mean stage). The 

processes were seen to approach each other and fusion .~ 

began. 

By 011/14, nasal p1acodes ranged from late crescent 

stages to comma stages wiEh sorne of the nasal p1acodes 

three quarters fused, and they did not differ from the 

contraIs. (Re fer to Table 3A & 3e) 

By 012/12, outwardly embryos were very weIl 

develaped, but on exam1nation af sorne of the histologica1 

sections, :~5ion of the two nasal processes were incomplete, 

t~is Qay 12:G to formation of incomp1ete latera1 clefts. 

Ir: s".:..-:t.."':lary, nasal placade development of EÙnbryas 

treated O~ ~lO/8 was retarded at six hours after treatment, 

~~t the ~as:l ?lacode appeared to recuperate from the 

soon afterwards. This can be seen from 

':"able 3e and Figure 2,,,where the nasal p1acode stages 

of-the 010 ~reated embryos were tabulated and plotted 

against their gestational age. 

On histological sections, embryos that were given 

6AN on 010/8 were found to ,have small processes. They 

were also found ta have small medial rrocesses. This can 

be demonstrated from the Photomicrogra1hS shown in 

Figure 4. 6AN when adrninistered ta the pregnant mother 
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Figure 4A Transverse section through the embryonic head 

of a control embryo (C57Bl/6) showi~g weIl 

formed lateral and medial nasal ~rocesses at 

crescent nasal placode stage (DIO/20) 

Magnif1cation : 64X 

Figure 4B A higher magnification of the nasal placode 

that is shown in the inset of Figure 4A. 

Magnification : l62X 

Figure 4C Transverse section through the head of an 

embryo that has received a standard dose of 

6AN on 010/8. Note the reduced lateral processes 

and smaller medial processes at crescent 

nasal placode stage (011/8). 

Magnification : 64X 

Figure 4D A higher magnification of the nasal placode 

that is shown in the in set of 4C. 

Magnification : l62X 
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on 010/8 produces 1ateral cleft lips in the offspring. 

Nasal placode development of dancer embryos 

Oancer ernbryos were examined starting from DlO/B 

of g~station. No retardation in development of the 

nasal placodes was apparent at first, but when the 

morphologica1 rating data for riasal development was 

lumped into two stages -- 010 and Dll, the nasal placode 
,~ 
',,'} 

."development was found to be retarded ln the dancer 

embryos (Control 1.695 vs. dancer 1.02 Mean nasal placode 

stage) on ~io but was not,retarded on 011 (Control 3.47 

vs. dance= 3.50). Nasal placode stages of dancer embryos 

are tabula~ed and plotted against their gestational 

age in Tab:e 3D and F~gure 2. 

His~~logical observations of matched seriaI sections 

s~ow that ~ancer embryos that eventually get a cleft . ( 
.' 

l~p have bQ~h reduced lateral and medial processes, 

and this is illustrated in the ohoto1T\icroQr.aohs 
.' -

shown in F~gure S . 

• 
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Figure SA Transverse section through the embryonic 

head of a control embryo~ (CS'7BI/6) showing 

weIl formed lateral and medial nasal processes 

at crescent nasal placode stage (DIO/20). 

Magnificatlon : 64X 

Figure SB A higher magnification of the nasal placode 

that is shown in the inset of SA. 

Magnification : 162X 

Figure 5C Transverse section through the head of an 

embryo that carries a dancer (De) gcne with 

CS7Bl/6 background at crescent nasal placode 

stage (011). Note the reduction of both 

laterai and ~ediai processes. 

Figure 50 A higher magnification of the nasal 91acode 

that is shown in the inset of SC. 

Magnification : l62X 

\ 
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Table 3 Nasal Placode Stages 

3A Control 

Age 

09/12 

09/18 

010/8 

010/12 

010/14 

010/20 

011/8 

011/12 

011/14 

3B D9 Treated 

Age 

09/18 

010/8 

010/14 

010/20 

011/8 

Hean + S.E. 
Nasal Placode stage 

0+0 

0+0 

0.29 + 0.17 

2.57 + 0.2 

1.21 + 0.17 
t;-

2.71 + 0.17 

3.23 + 0.17 

3.6 + 0.2 

3.57 + 0.28 

Mean + S.E. 
Nasal Placode stage 

0+0 

0+0 

0.273 + 0.14 

0.5 + 0.14 

2.14 + 0.2 

, 
.... , 

N 

16 

13 

7 

14 

14 

21 

35 

5 .,. 
," 14 

> 

8 

6 

Il 

12 

43 
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Table 3 Nasal P1acode Stages (Continued) 

3e DIO Treated 

~1ean + S. E. 
Age Nasal P 1acode staqe N 

010/14 0.14 + 0.14 7 -
010/20 1. 91 + 0.28 Il 

011/8 2.29 + 0.52 7 -
011/14 4.0 + 0.0 8 

012/12 4.0 + 0.0 5 

3D Dancer 

Mean + S. E. 
Age Nasal P1acode stage N 

010/8 o + 0 20 

010/12 0.5 + 0.15 32 -
010/15 2.0 + 0.28 18 

D10/20 1.57 + 0.25 14 

011 2.8 + 0.25 17 

. t D11/8 3.4 + 0.14 40 -
#~ 

Dl1/12 3.6 + 0.15 31 

011/18 4.0 + 0.0 19 

a 
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External malformations of 6AN treated embryos 

The majority of the malformations noted were seen 

in the embryos treated on D9/12. In sorne embryos crowding 
~ 

of body somites was noted and splitting of somites was 

also found. In one embryo the posterior end of the body 

had an unusual twist and these may be early signs that 

the embryos are affected by 6AN. 

o 
In sorne embryos that have been treated with GAN, 

ridges were observed on the top of the head between the 

~wo nasal placodes. In the histological sections, these 

~ere seen te be the prosencephalon neural tissue to be 

?~shing its way between the two medial processes. Since , , 

this pheno~enon was found in the D9 treated embryos that 

react to the terat?gen by forming a median cleft lip, 

it may be reRponsible for the failure of the medial processes 

~o merge. 

l 
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The general development of emnryos 

The gross morpho1ogical deve10pment of an embryo 

cou1d be estimated by the number of somites present, 

stages of the fore and hind lirnbs, the state of invagination 

of the optic vesicles and the stage of the otic vesicles. 

AlI the above characteristics were examined, but only 

the body somite nurnber will be presented here as an 

indication of general development. 

Control embryos 

In the inbred C57Bl/6 ernbryos, the nurnber of 

somites were seen ta increase with time. At the age of 

~9/12, the ~ean somite numb~ was 17, and it increased 

~a a mean ~QLber of 39 by 011/12. The increase seemed 

ta be in a linear fashion. (Figure 6) The number of 

so~ites we~e tabu1ated and plotted aga~nst gestational 

~~e in Tab:e 4 and Figure 6. 

~9/12 treated ernbryos 

On 09/18 when they were first examined, the mean 

number of somites was found ta be 19. The t test for sig
p. 

~ificance between the means of body somites was not 

diffDerent. At thls stage, it '·may be too saon for the 

tox~c effects of 6AN to be apparent externally (Table 4). 

By 010/8, twenty hours after treatment, a definjte 

retarda tian can be 3een, the treated embryos have a mean 

somite nurnber of 21 whereas the controls have ~rogre3sed 

ta a mean number of 29. T tests of s~gnificance showed 
~ .. 
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them to be significantly different from each other" at 

the .001 level. ThlS was also true at aIl subsequent times 

exarnined. The meqn number of body somites of the 09 

treated embryos were plotted against their gestationai 

ag~ in Figure 6 together with ~he contraIs and it is quite 

obvious that the 09 treated embryœ were retarded in 

somite formation. 

Dlo~~reated empryos 

These embryos were found to be retarded in the 

beginning at 010/14, at six hours after treatment, but 

by D11/14, the general body development did not differ 

from that of the contraIs. The develop~ent of the 

body correlated~fairly weIl with the nasal placode develop-

ment in that both see% to be recovering from the effects 

of 6~N by Dll/14. T,tests are presented in Table 4. ~ . , 

SU The body somites were plotted against their gestational 
• 

age in F1.gure 6. 

Dancer ernbryos 

Dancer embryos on the who1e did not seem to be 

significantly different except at DIO/12 and 011/12 

in development from the control animaIs (Table 4 and 

FiguTe 6). 

-

.. , 
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Table 4 

--~ ,. Age 

o' b 

09/18 

010/8 

010/13 

010/~0 

011/8 

011/14 

Age 

010/14 

010/20. 

P11/8 

D11/14 

Age 

010/8 

010/12' 

010/15 

010/20 

011/8 

011/12 
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-6 
T tests of slgnlficance between Control group 

and 09/12 treated grau? for SO~Lte number at 

dlfferent gestatlonal ages 

Control Ne 09 trca-tcd Nt 

18.5 + 1.14 13 19.13 + 1. 37 8 -
29.43 + 1. 04 7 21.12 + 0.79 6 -
34.93 1 0.56 14 26.64 + 0 .. 79 Il 

34.67 + 0.47 21 27.92 + 0.97 12 • -
37.4 + 0.6 35 33.91 + 0.6 47 

, -
39.43 + 1. 36 14 21. 1'8 + 1. 22 11' -

P 

.8-.7 

>.001*** 

;>.001*** 
\ 

>1'001*** 

>.001*** 

>.001*** 

" . 
T tests of significance between Control group 

and"D10/8 treatcd group for somlte number at 

different gestatlona1 age 

Control Ne D10-treat~d Nt 

30.86 +' 1.15 14 25.57 + 0.75 7 ,-

34.67 + 0.47 21 33. Hl + o. S. 7 Il -
37.4 + 0.6 35 34.29 + 1. 32 22 

39.43 + 1. 36 14 40.88 + (J.52 8 - -
l! 

P 

.001*** 
, 
.1-.05 

.001*** 

.5-.3 

T tests of signifieanee between Control group 

and Daneer group for somite number at different 
• 

gestationa1 age 

Control Ne ooancer Nd p 

29.43 + 1. 04 7 26.65 + 0.342 20 .02-.01* -
34.93 + 0,56 14 28.8 + 0.62 31 >.00.1*** - -
30.96 + 1.15 14 33.05 + 0.19 18 :.2,-.î-
34.67 + 0'.47 21 33.2 + 0.57 14 .1-.05 

-
·37.4 + 0.6 35 37.72 + 0.5 40 .7-.5 - -
13.8.8 + 0.73 5 36.74 + 0.49 31 .05-.02* 

'l' 
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Nasal ectoderrn 

In the control embryos, the nasal ectoderrn had a 

psuedo-stratified appearance, the cells were elongated, 

and prorninent nucleoli could be s een. CeIIs were aiso 

• seen to be dlviding. This is illustrated in Figure 7, 
o 

a photornic!'ograph taken under oil immersion of the nasal 

ectoderrn of a controJ ernbryonic head. 

In the embryos treated on D9/12, and examined 

on Dll/8 of gestatlon, the nasal ectode~ Iooked normal, 

it seérned to have fewer ·celis but necrosis was not 

,noticeable. Figure 8 is a photornicrograph of the 

:1asal 'ectCJ::e!":I of a D9/12 treated ernbryo and when cornpared 

~o the ca:1~~ol section it was found to have fewer cells 

:o!" a CO:1S~~~t area. 

I:1 ~~2 DIO treated embrya;exarnined on DII/8 of 

;~3ta~l~~, =211s were d~nsely packed, and did not seern 

~~ be ?s~edCJ-stratrfied and-were general1y rounder in 

S:laoe. It Ioàked as if the celis in the nasal.ectoderrn 

'~ad lost t~elr organization after treatment~ This is 

demonstrated in Figure 9 which is a photomicrograph of 

the nasal ectoderrn of a DIO treated embryo. 

Danaer embryos had nasal ectoderrn that looked 

quite nornal except for the fact 'that~hey seemed to have 

a ~ig~er number of cell~ for a given area. This çan be , ' 

seen from the photomicrograph shown in Figure 10 • 

'0, 
t 

• l> 

\' 
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Jo 

'\ 

Figure 7 Nasal ectoderm of a control embryo 

(010/20 hours, latc cres cent staqe). 

, . 1: ... 
The arrow lS p01ntlng at a d1v1dlnq 

cell. (magnification : 2,000X) 

Figure 8 ' Nasal ectoderm of a Dll/8 émbryo at 

crescent stage that was treated 

with GAN on D9/12. They do nob 

seemed to be too different fro~ 

controis. (Magnification : 2,OOOX) 

F1gure 9 Nasal ectoderm of an embryo that 

has been given a standard dose of 

6AN on DlO/8, killed on'Oll/8. 

Note that the ce11s have rounded up, 

lost ~heir psuedostr~tified appearance 

and pre generally closely packed. 

o (Magni fication : 2, OOOX) 

Figure 10 Nasal Ectoderm of an ~ryo that 

carries a dancer gene, killed on Dll 

at crescent nasal placode stage. N~sal 

() 

ectoderm looks normal, but the cells 
'/ 

are more densely pa~ked. (Magnification 

( 

L 

2.;09 0 X) e 
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Mesenchyme 

On exarnination of the mesenchyme adJacent to the 

nasal ectoderm" of embryos at crescent stage, 'dense 

bodies' of condensed' chromatin were found. 

These dense bodies were also found in the control 

embryos, if they are pycnotic or dead cells, then these 

dense bodies may represent physiological cell death in 

the normal process of development. Figure Il shows 

the mesenchyme of a control embryo, a dividing cell 

can be seen in the lower right quadrant of the photo-

~icrogra?~ and a few dense bodies can al 50 be seen scattered 

ln the Olc~ure. Figure 15 is a higher magnificatlon of 

t~e wesenc~:~e and in- a couple of cells the condensed 

ctromatl~ C2~ be seen. 

I~ ~Jth the 09 treated and the DIO treated embryos 

2xarnlne~ a= crescent stage around 011/8, a relatlvely 

:arger ~~~er of dense bodies w~e seen when compared 

-.H th the controls. Because the sections were cut at 

p. 
six microns they were too thick to tell whether the dense 

bodies were inside the nucleus or ln the cytoplasm of 

<he celle Frgure 12 is a photomicrograph of the mesenchyme 

ad]acênt to the nasal placode' in a DIO tre~ted em~ryo, 

note the 1ncrease number of dense bodies. Figure 13 

lS a photornicrograph of a 09 treated embryo's mesenchyme 

where an increase in the number of dense bodies can 
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also be seen. 

:5' 19ure 16- is a higher rnagnl fication of the mesenchym2 , . 

of a D9 treated erobryo, the dense bodies are indicated 

by à:rrol.vs. It wlli only be possible to deterMine the 

location of the dense bodies in the cell by electron 

rnicroscopy. 1· 

\, 
These dense bodies are also presen~ in embryos 

carrying the dancer gene, in approxirnately the sarne n~ber 
\' 

as the controls. This is lilustrated ln Figu~e 14 and 

Figure 17. 

/ 

.. 
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Figure Il ~1esenchyrne ad)accnt to the ryasal 

placode in a control embryo at DIO/20 

" crescent stage. T~e arrow. is pOlnting 

at a dividing celle One of the dense 

bodies lS enclrcled by a dark 11ne. (800X) 

Figure 12 ~esenchyne adjacent tq the nasal 

placode of an embryo at Dll/8 that 

has received a standard dose of 6AN 

on 010/8 of qestatlon. Notice the 

nUMerous dense bodies scattered around 

in the mesenchY,me. (SOOX) 

Figure 13 '1esen.;;hyme adjacent to the nasal placode 

of an embryo on D1l/8 that has received 

a standar& dose of, 6AN on D9/12 

of gestation. There are numerOU5 dense 

bodies scattered around in the mesenchyme. 

( 8QOX) 

Figure 14 .Mesencnyme adjacent to the nasal 

placode area in a dancer emhryo on 

Dll of gesta~ion. They do not 
J 

have an inc~ease numbcr of dense 

bodies that were shown in the treated 

embryos~ (800X} 

/ 
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~ . . 

Figure 15 A fligher magnifiCifl-tion of the 

mesenchyme adjacent to the nasal 

placode in the control embryo. In 

the lower part of the photomicrogra8h 

there are cel1s with condensed chromatin. 

Figure 16 

(2,OOOX) 
, 

A higher magnificatlon of the 
1 

rnesenchyme of an embryo treated with 

6AN'on D9/l2, the arrows are pointing 

to 'dense bodies' which mai be 

pycnotic cells. (2,OOOX) 

Figure 17 r1,esenchyme of an ernbryo carrying 

a dancer gene at high magnification. 

~ows are painting at abnormal 

looking granul~s or dense bodies. 

(2,OOOX) 

.' 
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Cell Population Density 

The number of cells for a given area will be 

called 'cell density' in this study. Each section was 

observed under the Microscope at a magnification of l,OOOX. 

An ocular qrid of one square centi~eter was inserted into 

one of the eye pieces and the n~ber ,of cells ~ithin the 

ocular qrid was counted. 

For each of the control and experimental groups 

of embryos, the cell density of the nasal.ectoderm in 

~~e nasal placode and the neural ectoderm of the telen-

ce?halon was calculated for,each of the qestational times 

study. 

The co~t~ol embryos (C57Bl/6) had a céîl density 

-:"";:aJ... ____ L. increaseè as the embryo àevelDped. T.his~s i11ustrated 

~~ ~iqure 13 a~d' Figure 19 which are graphs of the cel1 

~~~s~t~ ve~s~s the gestational age for nasal or neural 

e=tc~e~. ~azle 5 gives the averages for ce11 density 

both neu=al and nasal ectoderm at different aqes. 

~~en the DIO treated embryos were exa~ined they .. 
were found to be more dense, this agreed with what 

<> 

Seegmil1er (1972) had found with his chick embryos that 

v7ere trea ted v,i th 6Ai~ causinq MicroMe1ia. (~efer to 

Figure 18 and 19 and Table 5). Figure 20 is a photo-

microqraph of the neural ectoderM of a control 

-. 
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.embryo, and Figure 21 is one of a DIO treated embryo, 

it is obvious that the cells in the !)lO treated embryb 

are More densely packed and rounded in shane. 

Dancer embryos alsa had a hl~her density of cells 
o 

in both the neural and nasal tissue. This iy illustrated 

in Figure 18 and 19 and tabulated in Table 5. Figure 22 

~is a photomicrograph of the neutal ectoderm of a dancer 

embryo, vlhen compared ta the control in Figure 20 

it is more dense. 

hO"'ever '" Cell densities of the D9 treated embryos ~ 

were less dense than thase of the control. . (Figure 18 

and 19, Table 5) Flgure 23 is ograph of 

neural ectoderm of 'a D9 treated ta 

the control in figure,20 it appears that the cells àre 

'not packed as tightly as those of the control embryo! 

..,. . 

,. 
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Neural" ectoderm 

< . 
Figfr~<e 120 of- a 010/20 ' , 

{ , i; 
\ 

\ / 
embrYQrat éresecnt stage. (2,OOOX) 

~ 
F~gure 21 Neural ectoderm of a 011/8 embryo 

p 

that \.,ras treated with 6l\N, on 0~O/8 
" r (crescent stage) . The cells are 

;, 

rounded up and are densely pa'cked. 
/ 

(2,OOO,X) 
J 

Figure' 22 Ne\1ral ectoderm of a dancer em!::>ryo e 
on 011 at crescent stage. Ce11s 

are relatively densely packed when 

c<!fu\pared to controls. (2,OOfJX) C 

Figure 23 Neural ectoderm of a 09/12 treated , . 
embryo on Dl1/8 at cres cent stage. /, 

Ceils are relatively loosely pack~d 

\ ' ~ , ,-
when compared to contraIs. (200QX) ... 
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Mitotie Index 

The number of mitoses per one hundred eells is 

defined as the m~totie index. 

2 Mean No. of rnitoses/grid (lem) 
Mitot~e Index = X 10D 

Mean nq. of cells/grid (lern2 ) 

The m~totie index was ealeulated for two different 

areas on the hisLologieal section of the embryon~c ~ead. 

(~) An area around the nasal placode 

(ii) An area around the neural eetoderm (part of the . 
telencephalon) 

Ever-y f~fth section was counted for nu!Tlber of 

~~~oses i~ one grid from the appearance of and right 

through t~e ~asal pl~code area. The average numbér of 

~~toses ~er grld calculated for the nasal area and neural 

area for eacn head. The number of cells per grld was 
, 

fO'.md by count~ng the number ,oE cells per grid. 

f 
In the neural are a of the conlrol embryos, mitosis 

lncreased with age, with a large spurt aroqnd earlv'Dll. 
," "" 

In the nasal area ~itosis increase sharply around'early 
, , , 

, . 
Il 

niD and levelled oft aftertoJards. (Figure 24 and Ligure 25) ~" 

~'lhen the t'~ea tcù e~os \oJere s'tud~ed, l t,Jas " 

thù t mi ~os l ':J in both t~C! neura l and nasal ti s sue :ound 

'/a~ gcnerally fetarded. In the embryos that recelved . 

a itandard dose of 6AN on D9/12, ~itosis was not retarded 
. , 

throughout the nasal pl~code development in tHe n~ural 

tissue (Table GA) but was founo, to, be depressed' at. ,all 

\ 
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tlmes ln the nasal ectoderme (Table 6B) When thé mitotic 

index of the 09 t<reated embryos \vas ~lotted ë}.gainst 

gestational age on the same graph as that of the control, 
'.f 1 

it can be seen that the neural tissue was affected 

early (010/8) and recovered"while the nasal tissue was 

affected ~ater on DIO/12 and did not recover. (Figure 

~4 and Figure 25) 

EI'1.bryos treated wlth 6AN,on 010 showed a siml1ar 

picture, wlth milosis depressed lnitlally in the neural 

tissue and recovering by D11/14 and mitosis depressed 

·throughout the period examlned of nasal placode development 

ln the nasal ectoderme . This is tabu1ated in Table 7A and 

73 wnere ~ ~est for the differences between means are 
# ' 

glven fo~ ~~2 controis and the DIO tr~ated embryos. 

+:e Cl~O~:~ ~nd~x is plotted agalnst gestationa1 age 

-0~ tne S~~= jraph as the controls and illustrates the 

~bov= ?~i~~s in.Figures 24 and 25. 

~ancer embryos were ealculated' 
~ 

~ ,,-li toot>c indices of 

for bath ~eural and nasal tissue throughou~the gestational 

t!' ' 

tlme when the riasal placode was forming. Changes were 

not ex~ected in this group of embryos bec~use they 
, " 

~· .. ]ere hJ'brld aniMaIs ,and even if l1}i tosis '.vas r~duced 

lt \Vould onl:! be ex?ected to be founel in embryos carrying 

the dancer gene (50%), that is only half of ,the embryos 

'. ' , . . ~ 
l ~. 
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would be affected. If the above was true, a bi~odal 

distribution would be expected or a larqe variability 

within the group resulting in larqe standard errors 

would be found, but neither was the case. 

Mitotic index was found to be reduced in both the 

neural and nasal tissue from 010/12 onwards~ Table SA 

and 8B showed t tests fO'r difference in the mertns between the 
., 

è~ncer group and the controls. These results were not 

in agreement with the results obtained from the ~orpholoqic~l 

ratinq data *here the dancer e~bryos were found to be 
Ut· 

r.o ~ifferent =~o~ the contraIs in morpholoqical development. 

~~e area o~ t~e face, however was found to be smaller. 

'-h~s will be ?=esented in the ne~t section). This 

èecrease in ~itotic index May account for the decreased 

a=e3 of the f~ce. The dancer ~~bryos may therefore b 

eC;è.è:yalent td a control C57Bl/6 in TTlorpholoqical development 

;-,:..;. -: u i th the s 12:e 0 f tfie head red uced . 
. . 

Lookina back on previous ,raw data on mitotic 

counts per qrid -- that is the number of Mito~s for . , 

a qiven area~ the mitotic counts from a nancer embryo 

in both the neural and nasal tissue was equal ta the 

control enbry@s. T tests. have been perfornén, and even 

) on [lI] /8 \lhen they had shnwn a reouced trend in i'1i tosis, 

the P values were barely siqnific~nt. F'iqure 26 and 27 

p are qraphs of the mitotic counts versus'qestatianal ti~e 
, : \ 

of the control embryos ,and dancer embryos. 
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\V'hen the mi totlC lndex '.las ccalculated taking inta 

accaunt the density of cells in the tissue, then the 
", 

mi totic lndex \Vas found ~22...e lO~ler in the dancer embryos 

as mentloned earlier. 

It is concluded that these embryonic heads were 

smaller in size although they are morphologlcally weIl 

developed because of the ~ells b21ng.~ore tightly packed. 
t, 

1 

In order to tegt th~s theory, the D~A content of the 
, 1) 1 • 

" areas where mitotic counts were done should be estimated . ., 
,1 

This hmvev'er involves microsurgery ta isolate the· 

nasal .and,neurai ectoderm and has yet-to be done. 

• < 

, , 

# 

l _ 
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? 

Table 6 T tests of siqnLflcancc between Control 

group and DJ trcatcd group for mi totie 

index at differenit gestational tutIes 

A Neural tlssue 

t1ean + S. E. ~lean + S.E. 
Age Control Ne 09 trcated " Nt l? 

D10;8 2.35 + 0.35 6 0.505 + 0.23 2 .01-.001*** 

010/12 '. 3.37 + 0.26 Il 2.64 + 0.41 9 '.2- .1 

010;20 3.27 + 0.24 16 3.148 + 0.15 8 .7-.5 
l' 

011/8 4.44 +,0.34 7 2.64 + 0.37 9 .01-.001*** 

Dl1/14 2.64 + 0.24 6 2.41 + 0.25 10 - .5-.3 = = 
<? 

-( 
/ 

Jasai ,/ 

B e1acode tissue 

'lean + S. E. ME:an + S.E. 
Age Control Ne 09 treated Nt p 

01'0/8 

" 
1.16 + 0.29 6 0.73 + 0.0 2 .1-.05 .. 

D10/l2 3.12 + 0.23 Il 2.0 + 0.28 9 .01-.001*** -
010/20 2.82 + 0.197 16 1. 92 + 0.13 8 :>.001*** 

011./8 3.123 + 
... 

0.17 6 1.5 + 0.12 la >.001*** - ~ 

Dll/14 3.015 + 0.17 '6 1.5 + 0.12 10 ~ >. 001 *** 
\ 
,l< 

-, 

" . 
o 
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e 
signiflcance 'Yable 7 T tests of hetw8Qn Control 

group and 010 trcilted qroup for ni totic lndQ:-:: 

at dlffcrcnt qestational times. 

A Neural tissue 

Hean + S. E. ~1ean + S.E. 
Age Control 010 treùted Nt p 

D10/14 3.36 + 0.26 1. 57 + 0.162 3 >.001*** f'-

- " -

DI0/20 3.274 + 0.23 1. 46 + d.3 -8 >'.001 ** * 

011/8 , '4.44 + 0.34 7 1. 89 + 0.,07 7 >.001*** 
p 

D11/14 2.64 + 0.24 6 2.2 + 0.13 6 .2-.1 

B Nasal p1acode tissue 

Mean + S .'E. !1ean + S.E: 
Age ContEol Nc 010 treated Nt p 

010/1.4 
e' 

, .. 3.123 + 0.234 Il 0.867 + 0.3 3 >.001*** 

010/20 ' 2.819 + 0.197 16 1. 765 + 0.24 8 .01-.ft)01*** 

011/8 3.123 + 0.254 7 2.2Î3 + 0.12 '" 7 .01-.001*** 

011/14 3.015 + 0.175 6 2.315 + 0.105 6 .01-.001*** 

1 

, 

. ; 

e, .. 

" 
\ . 

" , 
.> 

, ' .. 
ft 
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Table 8 

" 

A Neural 

Age 

010/8 

010/12 

.' 010/22 

Dil/8 

~ 011/12 

.-,. 
~e 

B Nasal 

l.) 

'Age 

010/8 

DI0/12 

DI0/22 -

D1f/8 

Al/12 

1 
, 1 

r 

- ~, 
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" 

T tests of sicrnlfleanee Q.~l:.Vleen Control 

qrou? and dùncer qroup for ftU totic lndex 

at dlffercnt gestat.lonal tlIne s . 

t13sue , 

~1ean + S.E. 
~ 

~'lean + S.E. 
Control ·Ne 03.neer Nri 

2.35 + 0.35 6 2.11 + 0.26 8 

3.37 + 0.264 Il 1. 795 + 0.23 2 

3.27 + 0.24 Il 2.56 + 0.15 16 -
4.44 + 0.351 7 2.22 + 0.006 12 - -
3.55 + 0.11 4 1. 86 + 0.14 9 -

'1 

Elacode tissue 

r-lean + S. E. Méan + S.E. 
Control Ne Daneèr Nd, 

1.16 + 0.29 1) 0.86 + 0.1 8 

3.12 + 0.23 11 1.2 + 0.04 2 -
2.82 + 0.,2 Il 2.17 + 0.15 16 - -
3.,12 + ." 0.25 ~ 7 1. 89 + 0.11 12 -
2.66: + 0.28 4 1. 52 + 0.05 9 -

'" " 

\ . . \, 

P . 
.7-.5 

.001*** 

.02-.01** 

.001*** 

>.001*** ' 

,,-

P , " 

.5- :3 
tt, 

>.001*** 

.O2-.01~* 

>.001*** 

.01-.001*** 

. .. 
... 

" 

<{ 

.. 
~ . 

-1 



-... 
( 

-8l-
b 

e <\ 
~ 

/ 

i 

, 
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e. .. 

/ 
FIG.27 . MITOTIC COUNTS PER GRID OF NASAL 

AREA VERSUS GESTATIONAL AGE 
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Embryonic face sha?8 

As already mentl.oncd ln t1atcrlals and ~1ethods, 

polaroid pictures of 28X magnification of the lnferior 

and superlor Vlew of .the embryonlc head were taken 

and measurcments were made directly on thes8 photographs . 
• .. 

Each ~8asurement was done at least tWlce on the pho~ogra?h 

" and a rnean value was obtal.ned. AlI embryos measured were 

at the cres cent or early comma nasal placode stage. 

The first ~easurem~nt made was the widest distance 

of the nasal placod2s in the l.nf~fior view, - Oba as 
.. ", .. J 

,~ 

shawn in Figure 28. \ 1 

T tests were performed on the mean of Dba dLstance 
t 

of each of the experlmental groups versus the control 

group. ~e C57BI/6 control had a signific~ntly wlder 
.. 

face dIstance (Oba) at the level of the' nasal placode 

than embryos who had received a dose Of(6AN on 09/12 , 
Table 9, P = .005) and embryos that carried a dancer gene 

(Table 11, P .001). The control embryos tended to have 

a larger Oba measurement th an the embryos that received 

a dose of 6AN on 010/8 but the difference between the 
~ 

means was not found to be significant (Table lIT). 

The Db distance (shown in Figure 28), the distance 

between the anterior limits o~the nasal pit was next 

analyzed. The control group was found ta be signiflcantly 

bigger ln t he Db value than embryos treated on 09/12 

(Table 9). ~his can be illustrated by photographs 

" of the lnferior aspect of the face as shown in Figure 30A 

t 
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Figure 28 Inferior view of the eœ~ryonic face (30X) 

o 

Figure 29 Front view of the embryonic face (30X) 

• 

" 
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and 31 A. The control Db dlstance was also signlficantly 1 

bigger than that of embryos from dancer hackcrosses 

(Table Il), but i t \/as not bigger than that of embryos 

treated with 6AN on 010/8. 

A ratio - Oba/Db was set up \\Tith the above measure-
1 

ments. ~his was useù as an indication of the type of 

face (narrow or wide). The embryos treated with 6AN on 

D9/l2 and which reacted with median cleft lips had the 

tendency ta have a narrawer face than that of th~ control 

group, that is they had a larger Oba/Db ratio. (Table 9) 

This is contr.adictory ta \<lhat was expected since it was 

thought that a median cleft lip may be formed because 

the medlan nasal processes were placed tao far apart 

for fusion between them ta take place. The embryos 

treated with 6AN on 010/8 destined to have median clefts 

had a wioer distance between pits (p .001) than the 

contraIs (Table 10). Neither Oba nor Db was fa und ta be 

significantly different from the contraIs p~'~vi6us1y 

(Table 10), the Oba had a tendency ta be sma11er while the 

Db had a tendency ta be bigger in the 010 treated embryos. 

This resulted in the face having the nasal p1acodes 

placed further apart in t~ DIO treated embryos.o 

So far it appears that the mechanism for a teratagefu 

lnduced c1eft 1ip may be different from that of a-soontaneous 

cleft 1ip since the rcsults did not agree with predi8tians 

that were formulated taking inta account Trasler's the ory 
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other parameters were measured hoping to s~ed 

more light on the problem The jut which was measured 

from a front v~ew photogrpah of the face is an indication 

of the arnount of tissue in the medial nasal process (See 

Figure 29). 

There was less amount of jut in the dancer embryos 

and in embryos that received 6AN on 09/12 (Table Il, 

P = .05 - .02 in both comparisons.) The amount of jut 

was also found to be less in the embryos treated on 

DlO/8 but this was found ta be only borderline significant 

(Table 18, P = .1-.05). The reduction of medial process 

tissue l~ t~e D9 treated embryos can be demonstrated 

in FlSU~2 30A and 3lA. These are inferior views of the 

embr";onl.:::: =ace, arrows on Figure 31A indicate that - \ 

'" there is a lesser amount of tissue in the medial process.' 

Figure 3)3 and 3lB compares the jut of the control to 

thet of a D9 treated embryo, the arrow 0n ~he oq tre~ted 

e~bryo indicates the ren~cti~n 0f the juf: 

The amount of laterai process tissue available 
1 

was caiculated by subtracting Db frdrn Dba. The difference 

being the sum of the two lateral nasal processes. On 
~ 

u examining the data for uii.s measurement i t was found 

that the dancer embryos and~embryos treated on DIP/8 had 

"smailer laterai processes (Table 10, P =.OS-.02and 
~ 

r 
1 

( 

o 

•• 
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p ~ .01 ~.OOI respectively) when co~pared to controls. 

Figure 32A an~B ~nd 33A and B are ?hotogranhs of control 

embryo and 010 treated embryo respectively. On both 

the inferior vie\v and front view the lateral proce5s 

i5 seen to be reduced when comDared to controls. The 

embry05 treatec1 on 09 ",ere found ta have a slmilar 

size of lateral processes to the control (Table 9) . 

The divergence {La} of the ~edial nasal processes 

from each other was measured as an angle between the two 
t .. 

medial processes. In the two 6AN treated groups, there 

was a tendency for the medlal nasal processes to be less 

divergent than the controls (Table 9 and 10) . In the 

dancer e~ryryos, the medial processes diverg~d significantly 

less than the controls (Table Il), this lack of divergence c .., 
may result in a decrease in fusion between the medial 

and lateral processes. 

Area measurements of the face were next carried out 
t. 

using a planimeter, Af being the area of the face viewed 

from the front and Ab the area of ~he face in the inferior , 

view. 

ahe dancer group o! ernbryos were found to be 

significantly smaller tnan tbe con~ol group of embryos , 
t!f' 

in both front and inferior view (Table Il). The D9 

treated group of embryos and DIO treated group ot embryos 

were found to be s1milar in size in both front and 
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inferior vlc~'of the face when com?ared to the contraIs 

(Table 9 and~O). This may be due to the fact that the 

nasal proc~sses of the anlmal are selectively more 
" 1 

retarded py 6AN th an the rest of the face, 50 by the time 

t~e nasal placode has reached crescent sta~e, the rest 

of the head has had time to catch up to the control 
1 

embry6s, the recovery of mitosis in the neural tissue 

supports this idea. Therefore the jut or the lateral 

probess ~ay be smaller while the total face area is not 

reduced. 

Summary 

Dba Db 
\> 

Dba/Db J Dba~Db L 
0 Af Ab 

Control 0 0 0 0 a 0 a 0 

D9 treated ES 8 • B B œ, 
"-

DIO treated B EH B B B 

Dancer El 

Cl/Fr 0 + +++ fi) -J- O '+ 

\ 

Control is considered as the normal designated by 0 value, 

if a value is greater than control, it is indicated by a + • (Pvalue of .05-.02 indicated by +, .02-.01 by ++, .01-.001 
, 

or less by +++). If the value is less than the control' 
, 

value, lt will be Indicated by a - (P value of .05-.02 
1 

by -, .02-.01 by -- and .01-.001 or less by ---). 

8 not significantly different but les s th an control 

m not signlfican~ly different but more than control 
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Figure 30A Inferior view of the face of a control 

e~bryo at early comma stage (D10/20, 

7 tail somites). ~agnification :. 25X 

Figure 30B Front view of the face of a control 

Figure 
() 
~A 

embryo.at early comma stage. (25X) 

Inferior. view of t.he face of an embryo 

treated with 6AN on 09/12. Arrpws 

indicate 1ack of tissue in the medial 

nasal, process when com9ared to controls. 

tDll/20, 7 tail sorni~s) ~agnïfication 

25X 
. 

Figure 31B Front view of the face of a 09/12 

(/ 

() 

/ . 

treateâ embryo. The arrow·is poi~ting 
1 

at the reâuced jùt. (25X) 
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Figure 32A Inferior view of the face of a control 

1 embryo at cres cent stage. . (DIO/20, 

1 

7 tail somites) Magnification 25X 

Figure 32B Front view of the face of a control 

embryo at crescent stage. (25X) 

Figu.re 33A Inferior vie", of the face of an 

embryo treated with 6AN on 010/8. 

Arrow indicates thin lateral processes. 

(Dll/8, 7 tail sqrnites, early crescent 

stage) Magnification: 25X 

Figure 33B Front view of the face of an embryo 

treatèd with 6AN on D10/8. The arrow 

indicate reduced Iateral process. (25X) 

... ' 

\ 
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Face sha~e and strain diffeTence 

Trasler has already found a difference ln embryonic 

face sha;Je Hben ,workinq \nth A/J and C57Bl/6 embryos, A/J 

having a na~row Db and a largeJut and being predisposed 
'" (J" . 

tm'lards cleft lip. In the present study Cl/!:'r eJTlbryos 

were studled as another group with ~ulti~actorial~y 

inherited cleft lip. Cl/Fr ani~als have a spontaneous-

cleft lip frequency of 26%. 

The Cl/Fr embryos at crescent stage were found to 
. 

have a smaller distance between the ante("ior limits of 

the nasal pl t (Db) (Table 12, P .001), therefo're makïng 

their faces narrower th an that of the C57Bl/6 e~ryos. 

The juts of the Cl/Fr embryos were found to be significantly 
, 

bigger than that of the C57Bl/6 group but the lateral 

processes were found to be of the same size (Table 12). 

This can aiso be deomonstrated in photomicrographs o~ 

C57Bl/6 and Cl/Fr embryonic head sections at crescent 

nasal placode stage in Figure 34. The angle of divergence 

of the medial processes was found ta be significantly less 

than that of C57Bl/6 (Table 12). The above findings 

agree wi th Tra·sler' s theory that a cieft lip is formed 

because of Iack of divergence of the medial processes 

causing dlfficulty in fusion between the lateral and 

mediai processes. The .face shape of the Cl/Fr is slrnilar 

to the A/J which is aiso predisposed towards cleft lip (12%). 

, It appears that we cannot easily extrapolate 
, 

from a teratogen-induced malformation te ene that occurs 

spontaneously . . . 

t 
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, 
Figure 34A Transverse section through the embryonic 

• 

head of a control embryo (C57Bl/6) . 

shm"ing weIl formed lateral and metlial 

nasal pro~esses at" crescent' stage. (64X) 

Figure 34B A higher magnification of the nasal 

placode that is shown in the inset of 

34A. (l62X) 

Figure 34C Transverse section through the head of 
. 

an embryo that belongs ta the Cl/Fr 

" strain at cre~qent st?ge. ~Note the 

increase in size of the medial proce&~s. 

(64X) 

Figure 34D A higher rnagnïfication of the nasal 
-

placode that is shawn in tbe inset of 

Figure 34C. r/{ 162X) 
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Table 9 Mean and P values of face shape measurements of control 
.. 

and 09/12 treated embryos at crescent nasal ?lacode stage. 

N Dba Db Dba/Db J Dba-Db ~o Af Ab 
t 

CI Control 12 5.53 r 3. 2.6.8 1.69 0.46 2.25 120 0.28 0.27 \ J' 
~ 

D9 ,*,eated 8 5.19 2.99 1.74 \ 0 • 37 2.2 106 0.26 0.27 ... ""-
. 05-.02* .001*** .3-.2 .05-.02* .7-.5 .01* .2-.1 .9-.8 

1 
~ 
W 
1 

Table 10 Mean and P values of face shape measurements of Control 

and,D10/S treated embryos at cres cent ~asa1 placode stage 
o \ .. 

La 
7 

N Dba Db Dba/Db J Dba-Db Af Ab 

Control 12 5.53 3.268 1. 69 0.46 2.25 120 0.28 0.27 

010 treated12 5.28 3.37 1.56 0.40 1.83 117 0.27 0.26 

P values .1 .1 .001*** .1-.05 .001***.4- .9 .7-.5 
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Table Il Mean and P values~of face shape measurements of control 

and dancer ernbryos at crescent nasal placode stage 

N Dba Db Dba/Db J Dba-Db LO Af Ab 

Control 12 5.53 3.268 1. 69 0.46 2.25 120 0.28 0.27 

Dancer Il 4.93 2.95 1. 698 0.37 1. 98 109 0.22 0.23 

P values .001*** .001*** 0.9 .05-.02* .035* .035* .001*** .001*** 

~l 

~~Table 12 
\. 

Mean and P values of face shape measurements of control and 

\ Cl/Fr ernbryos at crescent nasal placode stage. 

N Dba Db DbajDb J Dba-Qb LO Af 
\ 

Control '---J.v2 5. 53 3.268 1. 69 0.46 2.25 120 0.28 

Cl/Fr 17 5.42 3.04 1. 78 0.5B 2.383 98 ~O • 27 

P values .5-.3 .001*** .02-.01** .001**'* .2-.1 • 001*4- . 4 

Ab 

0.27 

0.29 

.02-.01 

1 
I.D ..,. 
f 

• 
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DISCUSSION 

Teratogenlclty of 6AN 

6~N is an antimetabolite, when administered to 

a pregnant female, 6AN becomes a noxious enviromental 

agent to the embryos. When 6AN \Vas adminl5tered to , 

C57Bl/6 pregnant females on either D9/12 or DIO/8 of 

gestation, cleft Ilps together \Vith other malformations 

were produced. In an animal where develooment is r ~ 

controlled by a polygenic system such as i5 the case 

for the formation of the lip or palate, there normally 
, 

( 

~xists sorne kind of 'buffering system' in the development 

of the embryo protecting it against these noxious 

enviromental influences. 

6AN may cause disturbances in the electron 

transport system (Dietrich et al 1958 a & b) , 

reduce ATP (Ritter et al 1973), reduce acid muco-

polysaccharides (Overman et al 1972), induce chromosomal 

anomalies (Ingalls 1964) 1 inhibit DNA synthesis (Ritter 

et al 1972) and proba~ly many other biochemi~al 

disturbances related to the above as weIl. AlI these 

disturbances contribute to the 'noxious environment' 

of the embryo. Adams et al (1967) suggested that when 

the buffering actlvity against these noxious agents 

becomes too low, increased fluctuation in development 
() 

occurs, that may ultimately result in a malformation 

'. 
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f 
Û such as-failure of fusion of a normal lip. Thus when 

6AN is introduced into a pregnant fernale it may reduce 

the developmental stability, buffering action may 

be inadequate, therefore a malformation is produced.~ 

• 

~. 
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Effect of 6A~ on the genera1 deve10pment ~E the embryo 

6AN given either on 09/12 or D10/8 of g~station 

retards the rate of deve1op~9nt of bath the body 

somites and the nasal p1acodes in the embryo .. A1though 

both embryos treated.on 09 and D10_ are affected by 

6AN, they are not affected to the same degree. E~bryos 

that were treated on 09 did not show any signs of 

retardation in both the body so~ites and nasal placodes 

unti1 a1most twenty-four hours after treatment, but the 

effect of the drug persisted for a long perlod of time 

-- for at least the next forty-eight hours, that 15 

throughout the period of IIp formation. Embryos that 

were treated on DIO were affected by the drug i~~ediateIy 

but the noxious effects of the teratogen did not 

remain as long as in the embryos that were treated with 

6AN on 09. This may be because younger embryos (09 

treated) have cells that are less differentiated, 

therefore when these cells are affected, the prospective 

tissues derived from these unqifferentiated cells will .. 
i 

be more affected -- the effect will be more widespread. 

But these younger embrY9s' undifferentiated cells may 

also have more 'regulatory potential' in the genome, 

therefore they may initially have been more resistant 

to the teratogen but once the tera~ogen overcomes this 

resistance, the consequences may be ~ore severe than 

the effect of 6AN on an aider embryo. 

" 



-98- ~ 
• 

In the oldér emnryos, where cells are in a 

more differenttated state, they have less 'regulator~ 

potential', and hecause of that they may succumbed 

more easily to a teratogen. However by that time, 

the nasal placode is further along in develop~ent 

and the teratogen can onl~ disrupt cantinued differe~tiation 

and growth, but it cannat 'unfarm' differentiated 

tis~ue . 

• 
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Effect of 6AN on the nasal placode Qrea 

Whcn hlstological sectlons of the treated 

embryonic heads were examined, the volume of mesenchyme 

of the nasal processes was found to be reduced. In the 

embryos treated on D9 with 6fu~ and reacting with a 

median cleft lip, the volume of mesenchyme in the median 

nasal processes was markedIy reduceè. Smith and 

Honie (1969) suggested tha't rat embryos ~examined at 

the end of the pregnancy with median cleft Iips 

induced by 9-methyl-PGA had underdevelopment of the 

maxillary process and mesenchyml deficiency in the 

nasomedial processes resulting ln the failure of the 

nasomedial processes to merge. 

In embryos treated with 6AN on DIO and reacting 

with a Iateral cleft lip, there was a reduction in the 

volume of mesenchyme in both the median and lateral 

nasal processes .. This reduction 

the processes ta be tao wide apart ta appro 

ot4er for fusion ta occur. Smith and Monie 

also found that in 9-methyl-PGA induced 1atera1 clefts 

in rats, there ~as a reduction of mesenchyme in the nasal 

processes. Reed (1933) and Stark (1954) also related 

1ack of mesenchyme ta cIe ft lips. 

On close examination of the nasal placode 

area at crescent stage, no Iocalized areas of cell 
) 

death were fa und in the ,nasal ectoderm of the treated 

embryos (both types of treatment), but an increase in 

f 
( 

.. 
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'f ~'I the number of dense bodies Whlch may be pycnotic 
• 

cells was found ln the ~esoderm adjacent to the nasal 

ectoderme Lejour-Jeanty (1966) ,also found dead 

cells in the mesenchyme adjacent to the nasal ec~odern 

when she treated rats with Hadacldin - a penicillin 
.. 

derivatlve. These hadacidin-treated rat embryos 

eventually have cleft lips. 
~ 

From the above observations, it ap~ears that 

the mesenchyme plays an important role in lip 

formation. The mesenchyme nas been postulated to 

arise from the neural crest (Horst~ius 1950) and 

Johnston (1964) demonstrated tha~ rem~ of fore-

bràin neural crest in chicks often results in clefts of 

the primary palate. Ra]chgot (1971) using a modified 

alkal"ine phosphatase te.chnique on ,.,hole embryos 

found that 6AN appears to cause retardation in neural 

crest cel1 migration. One can speculate that one 
" 

of the primary targets of 6fu~ may be the neural 

crest cells. 6AN may delay or inhibit migration of 

neural crest cells ta specifie face areas that may 

therefore finally have a reduction of rnesenchyme 

volume in that area. 

". 

1 

/ 
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Effect of 6AN on the mitotic lndex 

Mltotic lnd~x counts at the tima of lip formation 

were done on the neural ectoderm and the nasal ectoderm 

including sorne adJacent mesoderm where cells are actively 
~ , 

d.ividing. 6AN affected the mitosis both in the neural 

and nasal ectoderm on both days of treatment. In 

embryos that received a standard dosecof 6AN on 09/12 

~ or 010/8 the mitoses in the nasal placode tissue was 

severely deoressed. The mitotic index in the treated 

neural ectoderm was se en to be depressed but in an 

irregular manner. Mitosis was only depressed at' 

certain gestational times, and the mitotic lndex did 

not follow the same general pattern as the control 

when plott1d against gestational time. Frank (1925) 

observed tHQt there is an increase in mitosis before 

a local thickening of the neural tube and Takaya and 

Wa~anabe (1961) observed that mitotic index varies 

for different parts of the neural tube with the highest 

percentage of mitosis in the parts where the wall 

1s thickest and lowest where the wall is thifnest. 

,Since mitotic counts in the neural ectoderm in the 

telencephalon of the embryo were done at randorn with 

no reguard to the thickness of the neural tube wall, 

the rcsults obtained from the present mitotic counts 

are dlfficult to interpret. If the treated embryos' 

development is retarded morphologically, the spurts 
, 
1 

of rnitosis in the neural tube ma~t correspond 

-
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chronoloqically to that of the control since these 

spurts accompany the thickcning or develop~2nt of 

the neural tube. 

Th~s may account for the observation that the 

mitotic ~ndex for the neural ectoderM of th3 treated 

embryos was depressed only at intervals and did not 

follow a similar pattern to the control. The only 

interpretation that l could give to this data 15 

that 6AN probably affects mitosis in the neural 

ectoderm of the treated embryos. Overall it appears 
(-

that n~ural tissue was affected immediately after 

treatment for both treatments and recovered within 

twentyfour hours. 

When the mitot~c index of the nasal placode 

of treated embryos was examined (Both D9 treated and 

010 treated), it was found that mitosis was depressed 

throughout lip formation. Treated embryos were 

depressed and follow a similar pattern of mitosis 

as that of the control (i.e. an increase in mitosis in 

~\ early DIO of gestation, then a levelling off for the 

rest of the period when the lip is forming.) It 

appeared tha .. ~ nasal tissue \vas not affected until 

t~enty ta twenty-four hours after treatment on D9/12 

\vhile. it was immediat~ly (four hours) affectéd after 

treatrnent on 010/8. 

1 • 

. -. 
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The enbryos treated on nID had bequn to show 

sliqht signs of recuperation by the end of Dl1/14, 

althouqh a t test between the m~ns of DIO treated 

and control still indicated that the mitotic index of 

the treated embryos was significantly reduced. The 

same reasoninq used for the general developMent of the 

treated eMbryos May aiso applv here, thôt when 6AN is 

qiven to an oider embryo, it may have less 'requiatory 

potential', therefore be ~ore susceptible initially but 

6AN cannot undifferentiate any tissue that i5 already 

differentiated, it can only retard its qrowth. Ritter 

~~d ~cott (1972) showed that 6AN depressed D~A synthesis 

:":-. :-at errtbr:'os and Franz (1971) showed that there wer.e 

~~a~=i~ative ch3nqes in mitosis of whole mouse enbryos 

:;he~ these e~b~vos were treated with teratoqens. Disturbance 

~~ D~A synthesis may disturb the S period in the cell cycle 

:~2~inq to àis~urbances in mitosis. Disturbances in the 

-e~acolic pathways ~Y 6AN may cause changes in the G period 

c= t~e celi cycle which also May cause de1ay or chanqes in 

~itosis. Aithouqh the specifie site of the a~tion of 6AN 

i5 ur.clear, from ~itotic index studies of the head reqion 

'of 6AN treated mouse err.bryos, it can be concluded that 6J1..N 

cto~s affect th~ rate at which celis enter Mitosis in the 

!'-ead ann especia11y the nasel placqde reqion when it is 

adrrinistered to the eMhryo at the time of lip forMation. 

1 
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Effect of 6fu~ on cell density 

6AN tended to cause an increase in the 

number of cells pèr unit area in embryos treated on 

DIO of gestation. Cells were also smaller and the 

tissue had a disorganized appearance. The effect 

of 6AN resulting in cornpactly arranged cells has 

aiso been observed by Seegmil1er and Overrnan (1972) 

in Iimbs of chick embryos that has been treated 

with 6AN. 

GA~ did not cause an increase in cell density 

when given to mice on 09 of gestation. In fact it 

tends ta reduce the density of the cells instead. 

See~iller and Ove~an (1972) suggested that 

t~e a?pearance of compact cells is an indicatiori of 

subnorr..al ~roduction of protein-polysaccharides. 

It can ~e sneculated in the present study that GAN 

~ay a=fec~ synthesis of mucopolysaccharides in the , 

~ead region when given to mouse embryos on 010 but 

this explanation does not account for the reduction 

in cell density on 09. 

One can only conclude that GAN rnay act in a 

different manner in the mouse embryo at different 

gestational times . 

• 
( 
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Effect of 6ruN on face shape 

The most interesting effects of 6AN.when given 

to mice at two different gestationa1 times resulting 

in two different types of clefts came from the 

comparisons of face shape. 

Embryos that were ,given a dose of 6AN on 010 

produced lateral clefts. At crescent stage of the 

nasal placode the embryonic face had a wider distance 

r-' 
between pïts than the control embryos. The embryos 

that were treated on 09 had median cleft lips had a 

narrower pit distance than the controls but not ~ 
, ~t~ 

significa~tly 50. 

Tras1er (1968) had found that A/J rnice which 

are preè15?Osed to forming 1ateral cleft lips had a 

narrm" pro?ortioned face (smal1 pi t distanc'e) 

compa~eè ~o C57Bl/6. This was also true"of the 

Cl/Fr st~ain (26% spontaneous c1eft lip), which.also 

have a predisposition towards forming lateral cleft 

1ips. The embryos that will forro lateral cleft lips 
~ . 

" J 

'Y'hen treated wi th 6AN had a wider distance between nasal 

pits, just the opposite 'of what was found in the 
o 

spontaneous cl~t lin embnros. 

If one expects that a rnedian cleft lip is formed 

because of the failure of the medial processes to merge 

then'embryos that react to 6AN by forming ~edian cleft 

lips should have a wide distance between nasal pits, 

1 ( 
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but the opposi~endency was found. 
-

Thus it would appear'~ha{ in teratogen-induced 
1 

cleft llP, the assoclatlon of a par~cular face shape 

with a c!eft IIp may not be the sarne ~ace shape as 

that \Vhich \las associated with spontaneousl1 formed 

cleft lip. 

.... ,.arc~as of the 

noted in the 

6AN may be selectively affectlng certain 

face res~g in the type/of face s~ape 
~{, .... 

treated embryo. 

TAe amount of lateral nasal process and medial 

n~al proces: was measured in these treated eMbryos. 

fn the D9 treated ernbryos that result in a median 

cleft lip, the nasal pit distance "had a tendency to 

# be'narrower,/bowever the jut or the amount of, medial 

/asal process \V'as found to be significantly reduc~d. 
The pit distance may have a tendency torbe narrow 

because there is lack of tissue in the medial nasal 

process. 

The DIO treated embryos had a srnaller Dba/Db 
r J 

ratio (indicating wider pit distance) however the 

distance between the anterior limits of the nasal 

pit was not found to be wider, and the width of the 

head ac~oss the nasal placodes was narrower, therefore 

giving an impression that the nasal placodes were widely 

ptaced on the head. 

, . 

/ 

r, 
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On examination of the medial and lateral 

nasal proccsses of the DIO treated embryos, the 
~ 

amount of lateraL.processes was found to be greatly 

reduced, therefore reducing the maximum width of the 

head across the nasal placode giving a false impression 

that the na~al placodes were whle~y s?aceq. The 

medial nasal ?rocesses were also found to be reduced 

in the DIO treated embryos. 6AN reduces mitosis and 

decreases volume of mesenchyme in both treatment 

times, but the face shape data show us that 6AN does 

not affect the whole face, it is in fact selective 

in its action. It may be that the medial process 

was actively div1ding on D9 when 6AN was given to 

the embryo on D9, 6AN will likely affect tissue that 

"~ is rnQre actively dividing, therefore it results in 

a small medial process (causing median cleft lip). 

On DIO' when 6AN is given to the embryo it may be 

that the medial naial placode is still ~ctively 

proliferating and the lateral process has just b~un 

its spurt of growth, so 6AN affects both lateral 

and medial processes (causin~J lateral cleft lips). 
~ 

This hypothesis is illustrated graphically in Figure 34. 

) 
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Figur~ 34A 6An administered on 09/12 will 

• 
affect on1~ the medial nasal process 

if media1 process starts active1y 

prolirerating before the latera1 

process. 

Figure ~4B')6An administered on 010;8 will 

~affect bath medial and lateral 

processe~ if both are actively 

proliferating on 010/8. 

o 

> 
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\ 
Effect o~ the dancer gene on the d~velopment of the embryo 

When a C57Blj6 fernale is crosse~ to a Dc/+C(BCl) 

male (or its reciprocal backcross), 50% of the off-

spring will carry the dancer gen~. Of these embryos 

carrying the dancer gene, a maximum of 87.5% of their 

background will be from the C57Bl/6. Embryos in 

fact will contain not only the dancef gene from the 

dancer stock, but genes that are closely linked to 

the dancer gene as weIl. One also notes that aIl of 

the offspring from the second backcross will be 

hybrid animaIs. 

Generally the dancer embryo was found to be 
. 

slightly slower in development th an the C57Bl/6 

embryos. T~e number of body somites at any particular 

age ap?ears to be slightly l.ss in the dancer and 

at tl~e5 e7en significantly 50. The development of 

the nasal placode was slower during 010 of gestation, 

but ·,las equivalent or ahead in development during 

the later stages of lip formation. 
P-

If the dancer gene was to affect the general 

development of the embryo, one would expect,only 

50% of the embryos to be affected, and the ones 

not carrying the dancer gene should be at least 

equivalent if not fa~ter in development than the C57Bl/6 

embryos, since they are hybrid eml:;lryos. If the above 
'<j 

was true one would expect a hi~h degree of variability 

J 
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within the offspring of the second backcross, but 

on examination of the standard errors and the range, 

they were found to be no blgger than the standard 

errors or range of the control group (C57Bl/6). 

Thus because of the small standard error it was not 

deemed necessary to test the offspring of the second 

backcross for bimodal distribution. The best comparison 

for development of these second backcross embryos 

is to compare them ta embryos that result from a 

; 

backcross to C57Bl/6 background but having the normal 

gene at the dancer locus. This part of the investigation 

is presently being carried out. 

The conclusion form this data is that the off-

spring from the second backcross embryos of the 

dancer gene ta C57Bl/6 are slightly retarded in 

~ development when compared to the C57B1/6 embryos. 

.. 



1 

e 

• 

-111-

Effect of the dancer gene on the nasal placode area 

Embryos that were suspected of having cleft 

lip (induced by the presence of dancer gene) showing 

failure of the lateral and medial nasal proce~ses 

~ u? merge or fuse at the posterior end of the nasal 
" 

'pit were examined. In the histological sections, the 

volume of mesenchyme in both the medial and lateral 

processes was reduced. Homozygotes for the dancer 

gene in the dancer stock have cleft lip and cleft 

palate as weIl as inner ear_ def~cts and heterozygotes 
\ . 

also have inner ear defects and lack of pigmentation 

O~ the t~? of the head (Deal 1966) leading to the 

SJsp~cio~ that neural crest cells are involved. As 

already ~2~tioned previously, it has been postulated 

that faci~~ mesenchyme arises from neural crest cells 

(Hors~ad~~3 1950), if dancer gene affects neural crest 

cells or ~heir migration, it is only logical that the 

nesenchyne of the face region would be reduced because . 
sorne of the neural crest cells failed to ~t there. 

Lack of mesenchyme .causes a reduction in size of the 

nasal processes. which may result in failure of the 

nasal ?rocesses to approach_each other enough to fuse. 

Failur~ of approximation and fusion results in a 

cleft lip. .-
\ 

() 
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Effect of dancer gene on the mitotic index 

As shown in the results, the mitotic index 

of bath the nasal and neural area of dancer embryos 

was reduced when compared to C57BI/6 controis. 

The nurnber of cells undergoing mitosis per unit area 

was equivalent to that of C57Bl/6 in both neural area 

and nasal area. The reduced mitotic index may in 

sorne way be associated with the fact that the ectodermal 
/ 

( cells of the nasal and neural ectoderm were denser than 

those of the control, that is these cells were 

tLghtly packed. This phenomenon may result from a 

lack of ~atrix in the face tissue which in turn may 

be due ~o a reduced amount of acid mucopolysaccharide. 

Neural crest cells migrate through mucopolysaccharide 

(Johnsto~ ~ersonal 1970), and a disturbance in 
~, 

~ucopoly5a~charide synthesis may cause disturbances 

in neural crest cell migration. 

) 
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Effect of dancer gene on the face shape 

The embryonic face of th1:ancer embryos l'las 

found to be orooortioned in the amc manner as that 

of the C57Bl~6 ~mbryosl that is he relative ?osition 

and the spatial relationship of the nasal placode on 

the face is similat to that of a C57Bl/6 embryo. 

The distance between the anterior limits of the nasal 

pit and the width of the head across the nasal 

.' 
placode arêa was smaller. The laterai nasal and 

medial nasal nrocesses as well-as the area of the . . 
{ 

face was also found to be sm'111er. The dancer e:6bryonic 

head is therefore morphologically well developed 

but smaller in size. This smallness in size rnay again 

be due to lack of matrix resulting in closely 

packed cells. 
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Relatlonship between a teratogen-induced anrl gene-

induceè cleft lio 
~ 

The com~on abnorma1 findlngs among the teratogen-

induced (both days of treatment) and gene-induced cleft 

1ip is a reductlon in the volu~e of mesenchyme in the 

" nasal processes. The mechanlsm for reduction of 

volur1e of mesenchyme in the n~a1. processes by the 
• 

teratogen and gene have differences and slnilarities. 

6AN redu~s the amount of mesenchyme by inhibition of 
;-

growth, cell death (resu1t~ of the present investigation) 

and retardation of migration of neural crest ce11s 

(Rajchgot 1971). Dancer gene may reduce the amount 

of matrix in the nasal processes therefore hindering 

the migration of the neural crest ce11s, resulting in 

reduced mesenchyme in the face region. Lack of 

mesenchyme in the formation of a cleft lip has already 

been suggested by other workers (S~ith and Monie 1969, 

Stark 1954, Reed 1933). In the case of the lateral 

cleft lip, lack of mesenchyme in bath the lateral and 

medial processes results in the lack of fusion 

between the latera\ and medial process. In the median 

cleft lip, 1ack of ~esenchyme in the medial process 

causes a failure of fusion between the two medial 

processes. 
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This is in contrast to the relative lack of 

divergence of medial processes (i.e. their positioning 

at a threshold) to1.,ards the lateral processes 

postu1ated as the mechanism leading to cleft lip in 

the A/J and Cl/Fr inbred strains, in bath of which 

there does not appear ta be a lack of mesenchyme 

in the processes. . 

/ 

D' 
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CONCLUSION 

Formation of a normal lip involves the normal 

growth of the nasal and maxillary processes and their 

fusfon in a côordinated manner. Many things could go 

wrong during lip formation that may result in a 

cleft of the primary pa~ate. 
( 

Formation of a lateral cleft lin 
ft , 

1. Lack of induct10n of the placpde by the anterior 

endoderrn, prechordal plate or the farebrain. 

DeMyer (1964) has found bilateral clefts af the 

lip in humans being assaciated with maldeve~apment 

of the prosencephalon or holoprosencephalon which 

is the result of failure of induction of the 

rostral neural ectoderm by the prechordal mesoderm. 

2. Failure of lateral and medial nasal processes ta 
• 

approach each other and fuse. 

['", a. Pasitioning of the nasal processes 
/ 

The Cl/Fr strain, with a spontaneous cleft lip 

frequency of 26% has a narrOWff face and little 

divergence of the medial processes when compared 

to a st~ain (C57Bl/6) with virtually 0% cleft 

lips. . ' 

b. Lack of mesenchyme in both the lateral anQ,meJial 

processes 

This is shown in histological sections and by 
o 
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face shape measuremcnts in the present study 

in 6AN treated embryos that form lateral cleft 

lips, 'This is also true of dancer embryos 

that produces lateral cleft lips. 

c. ~ack of proliferation of the nasal processes 

Reduction of mitos1s in the nasal placode area 

" 
of the 6AN treated embryos was found. Decreased 

in mitosis in dancer embryos was al 50 apparent. 

d. Epithelial adhesiveness 

-
This lack of epithelial adhesiveness has not 

been observed in the present study but has been 

observed by Pourtois (1972) and Lejour (1970). 

Formation of a medial cleft lio 
" 

1. LacK of induction by the forebrain 

De~,lyer in 1964 in his human studies showed median 

clefts to be associated with holoprosencephalon. 

2. Lack of merging between the two media1 nasal processes 

a. Lack of mesenchyrne in the medial processes 

1 'This is found in the 09 treated ernbryos that 

reacted to 6AN with mediart cleft lips. Evidence 

was produced from histological studies and face 

shape measurements. 

b. Lack of cell proliferation in the nasal pla~~des 

Reduction of mitosis in the nasal placode area 

of D9 treated embryos that react to 6AN with a 

median cleft lip. 



» 
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c. Lack of epithelial adhesiveness 

(See previous section) 

d. ~chanical obstruction 

Gruneberg (1960) working \'lith the patch gene-

found that the homozygote Ph/Ph had median 

cleft lips. Histological sections showed a 

fluid filled bleb between the tWQ nedial nasal 

processes hindering the movement of the two 

medial processes towards the rnidline. Therefore 
, 

a failure of fusion beto/een the medial processes 

occurs, a~d results in a rnedian cleft. 

, 
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