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IXTKODY‘CTION 

Esperiiiientully induced exencephnly in mouse cmbryos is in 
iiiany cases accoiiipanied by dental anomalies including in par- 
ticular, fusion of the upper incisor germs. This condition occurs 
whether the causal agent is the administration of  large doses of 
vitamin A or injection of trypan blue in pregnant mice ( K n u d -  
sen, 1065 and 1966). Exencephaly thus seems to exert :I decisive 
influence on the tooth development. 

Knlter 6. Wnrk i iny  (19.37) and Kalter (1963) ,  induced liydro- 
cephnlus i n  iiiouse einbi-yos by eiiiploying :I riboflavin-deficient 
diet adding the riboflavin antiiiietabolite galactoflnvin. This es -  
periinent w a s  repeated in this laboratory and resulted in a nuiii- 
her of exencephalic enibryos resembling those produced by the 
methods previously used by the present author. Histological se- 
rial sections of the enibryos were exaiiiirietf in order to decide 
whether this form of experiiiientally induced exencephaly was 
accoiiipanied by the s:iiiie incisor anomalies :IS exencephaly in- 
duced by 1iyI’ervit:iminosis A or injection of trypan blue. 
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MATERIAL AND METHODS 

Female mice of an inbred strain, AK/a, were placed with males 
of the same strain, one pair to a cage, and examined in the morn- 
ing 24 hours later for a vaginal plug. Day one of pregnancy was 
taken as the day on which the copulation plug was found in the 
mouse vagina. The males were then removed. Normal laboratory 
diet was replaced by a corresponding quantity of riboflavin-defi- 
cient food with an admixture of 90 mg galactoflavin9c) per kg. 
This food was administered on a varying number of days in the 
first half of pregnancy. (For details see Table I) .  During this 
period a wire-mesh platform was placed in the cage to prevent 
coprophagy. The females were killed on day 19 of pregnancy, i.e. 
about one day before term. The histological preparation and sub- 
sequent examination of serial sections followed the standard pro- 
cedure previously described in detail (Knudsen, 1965). This in- 
vestigation comprised a total of 20 exencephalic embryos. Normal 
and exencephalic embryos from previous experiments were used 
in comparison. 

RESULTS 

The most important result of this experiment is the demonstra- 
tion of fusio epithelinlis, i.e. a fusion of the incisal (oral) parts 
of the enamel organs, the outer dental epithelia and the stellate 
reticula crossing the mid-line. Fusio dentium which dominates in 
the exencephalic embryos previously investigated by the present 
author does not occur here, as the ameloblast layers, dentine and 
pulps nowhere cross the mid-line. Contact germs are also lacking. 

Fusio epithelialis is found in two embryos, where the shortest 
distance between the incisor germs is reduced to 6 and 8 L.U.O). 
The distance between the incisor germs in the remaining embryos 
is, on average, 15 L.U. In fusio epithelialis there is no connection 
between the two germs labially. More lingually the enamel organs 
are connected by a bridge of stellate reticulum and outer dental 
epithelium. As each enamel organ also retains a connection with 
the oral epithelium, a niche is formed (Fig. 1). It contains nies- 

*) Kindly supplied by I h  Oswaid H. Ganley, Merck Sharp and Dohme 
Research Laboratories, Rahway, N. J. 

O )  L. U. (Length Unit) = Number of millimetres measured on the pro- 
jection screen with 70 times linear enlargement. 



Figs. 1 and 2. Exencephalic mouse embryo (422 d 1/4. Riboflavin deficiency). 
Fusio epi thrl inl is .  
The shortest distance between the incisor germs is 8 L. L'. Frontal  scclions 
( X  160). 

Fig. 1. The outer dental epithelia have fused across tlic mid-line. The fusion 
of the stellate reticula has ncarly finished. Thc niche is seen (arrowj. 

Fig. 2. (More lingually). The niche has disappeared and the conimoii stellatc 
reticulum i>, Y-shaped. There is a smooth trarisitioii between the outer deiital 

epithelium and the basal layer of the oral epitheliuni (arrow).  
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enchyine and disappears inore lingually, where the bridge be- 
tween the enamel organs beconies thicker; at  the same time the 
two connections with the oral epithelium are replaced by a single 
stem, making the coninion incisal portion of the enaiiiel organs 
Y- or V-shaped (Fig. 2). The connection between the stellate re- 
ticulum and oral epitheliuiii is sometimes very narrow, as will be 
seen in Fig. 3. It will also be observed that the stellate reticulum 
almost reaches the surface as the oral epithelium is very thin at 
the point of connection. Here the epithelium consists of only a 
few layers of flat cells lining a median furrow in the roof of the 
oral cavity. There is a smooth transition between the outer dental 
epithelium and the basal layer of the stratified squaiiious epithe- 
lium (Figs. 2 and 3). 

In four embryos an incomplete type of fusio epithelialis is 
found, which was first described during the study of embryos 
with exencephaly induced by trypan blue (Knudsen, 1966). In 
this category, the stellate reticulum is lacking in the middle of 
the epithelial bridge, where oral epithelium is found in a narrow 
area around the mid-line (Fig. 4) .  Both the direction of the ”den- 
tal laminae” and the limited extent of the oral epithelium in the 
laminae show that the germs are not normal. 

DISCUSSION 

Exencephaly in inouse embryos of the same strain has now 
been produced experimentally by three different methods. In 
many of the exencephalic embryos, upper incisor anomalies oc- 
cur in the form of fusions, which have been found in all three 
categories of exencephalic embryos but never in normal ones. 
These fusions have been studied in greatest detail in embryos 
from vitamin A treated mice, where the aim has been a thorough 
study of the different kinds of fusion in a large sample (272 
einbryos). The studies of the relatively few embryos froni mice 
treated with trypan blue (47 embryos) or a riboflavin-deficient 
diet have merely sought to establish whether tooth fusions also 
occur when exencephaly is induced by these methods. 

With reference to the type of incisor fusions, there seems to be 
greatest similarity between the embryos froni vitamin A treated 
and trypan blue treated mice, as in these two groups both fusio 



Fig. 3.  Exencephalic mouse ernliryo (446 d l i 4 .  I\il~ofI:iviii deficiency). 
Fns io  epithelicilis. 
The ahortez,t distance het\vecn the incisor germs i s  (i I,. r. Frontal  scctioii. 
The connection bet\vec~ii the stcllnte reticuluin and the oral rpitlielium i s  
iiarro\v. At the point o f  coiinection the ora l  epitlieliu~ii consihts o f  a fe\v 

Fig. 4. I<sencc~phalic mouse einbryo (420 d 114. I(il,oflaviu cleficieiicy). 
I I W )  I J I  IJ le te f 11s io epi th  e 1 icc I is. 
T h e  sliorte>t distance Iret\veen the incisor germs is 12 I,. 17, 1:rontaI section. 
Ari-ows indicate the transit ion lictween thc  oral cpithelium and stcllate 

wticulo ( X  160) .  

lagers o f  f l a t  cells (arrow) ( X  160) .  
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Kumber of exencephalic 
embryos 

10 

Table I 
The length of administration periods of riboflauin-deficient diet w i th  

galactoflavin to produce 20 exencephalic embryos 

Number of days riboflavin-deficient diet 
with galactoflavin was administered 

4 (Day 7-10) 

Vitamin A 
germs overdosage 

Upper incisor 

Table I1 
Anomalies of upper incisor germs in mouse embryos w i th  ezencephaly 

induced by  various treatments 

Hiboflavin-deficient 

galactoflavin 
Trypan blue diet with 

Reduced distance 

”Contact” 

Fusio epithelialis 

Fusio dentium 

Agenesia 

0 

+ 
(+) 

f 

0 

dentiuin and ”contact germs” occur (Table 11). In embryos from 
trypan blue treated mice, fusio epithelialis is rare and differs 
morphologically from fusio epithelialis found in mice treated 
with vitamin A. In embryos of mice which have received a ribo- 
flavin-deficient diet, fusio dentiuin is not found, whereas some 
typical examples of fusio epithelialis are encountered. In the same 
embryos there is also a reduced distance between the two incisor 
germs - an anomaly which is not found after treatment with 
trypan blue. Agenesia of incisor germs only occurs in embryos 
from vitamin A treated mice. A comparison of the frequencies of 
the different types of dental anomalies has not been attempted 
because two groups are relatively small. 

Fusion between incisor tooth germs has occurred in all cate- 
gories of exencephalic embryos. In this respect fusio epithelialis 
should be considered equally important as fusio dentium even if 
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it represents a less pronounced degree of fusion. Examination of 
exencephnlic embryos from iiiice which have received a ribofla- 
vin-deficient diet therefore supports the hypothesis that there is 
a connection between exencephaly and dental anoni a 1‘ ies. 

This investigation was supported by grants from The Danish State Rese- 
arch Foundation and Fonden ti1 fremrne af praktisk og vidcnsltabelig odon- 
tologi. 

SLXMARY 

Exencephaly has  been induced in 20 mouse embryos by mater- 
nal intake of a riboflavin-deficient diet mixed with galactoflavin. 
The embryos have been studied with reference to iiialforriiations 
of the upper incisors. Two of  the embryos exhibited fiisio epi- 
thelialis (fusion of the incisal parts of the enamel organy) and 
reduced distance between the upper incisor germs. Previous in- 
vestigations of embryos with exencephaly induced by hypervita- 
niinosis A or trypan hlue led to the conclusion that there is :I 

causal relationship between exencephaly and dental nia1forin:i- 
tion. This concept is supported by the present investigation. 

RESUME 

GERMES DllS INCISIVES CHEZ DES EMBRYONS DE SOURIS PRESENTANT 
UNE EXENCBPHALIE PROVOQUEE PAR CARENCE EN RIBOFLAVINE 

Une exencephalie a Ct6 provoqu6e chez 20 enibryons de souris 
par ingestion 1ii:iternelle d’une alimentation ddficiente en ribo- 
flayine et in616e de galactoflavine. Les embryons ont 6th exaiiiinPs 
en ce ( p i  concerne les iiialforniations des incisires suplrieures. 
Deux des enibryons prksentuient une fusion epith6linle (fusion 
des parties incisives des organes de l’kiiiail) ainsi yu’une rc‘duc- 
tion de la distance entre les gernies des incisives supkrieures. I1 
decoule d”une s h i e  d’Ctudes antkrieures sur des einbryons prk- 
sentant une exencephalie provoquke par hyper\it:iriiinose A ou 
par le bleu trypan qu’il existerait un rapport de cause B effet 
entre 1’extmcttph:tlie et les malformations dentaires. Cette conclu- 
sion se trouve confirnic‘e par l a  presente Ctude. 
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ZUSBMhIENFASSUXG 

SCHNEIDEZAHNKEIME IN MdUSEEMBRYONEN MIT EXENCEPHALIE 
DURCH RIBOFLAVINMANGEL VERURSACHT 

Exencephalie wurde bei 20 Mauseembryonen durch Verfiitte- 
rung von riboflavinfreier Diat geinischt iiiit Galaktoflavin hervor- 
gerufen. Die Eiiibryonen wurden iiii Hinblick auf Missbildungen 
der oberen Schneidezahne untersucht. Zwei der Embryonen zeig- 
ten f usio epithelialis (Verschnielzung der incisalen Anteile der 
Schiiielzorgane) und verminderten Abstand zwischen den oberen 
Schneidezahnkeiiiien. Fruhere Untersuchungen an  Einbryonen 
init Exencephalie erzeugt durch A-Hypervitaminose oder Trypan- 
blau, fuhrten zu der Schlussfolgerung, dass eine liausale Bezie- 
hung zwischen Exencephalie und dentalen Missbildungen besteht. 
Diese Deutung wird durch die vorliegende Untersuchung gestutzt. 
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