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ABSTRACT Mandibular incisors were dissected from the jaws of 15- and 16- 
day C57BL/10 mouse embryos and cultured on agar-solidified Eagle's basal me- 
dium supplemented with fetal calf serum, an antibiotic, and glutamine. The ex- 
perimental medium was the same as the control except that fluoride was added 
such that the final concentrations ranged from 2.0-8.0 mM NaF. Control and ex- 
perimental explants were recovered after two, four and six days of incubation 
and studied histologically. After two days of fluoride treatment (3.0 mM NaF), 
cellular degeneration was observed in the dental papilla mesenchyme while the 
enamel organ epithelium appeared more resistant. Prolonged treatment or treat- 
ment a t  higher concentrations resulted in destruction of the dental papilla. The 
enamel organ was still present but was abnormal and reduced. Older tooth germs 
were less affected overall when incubated a t  the same fluoride dosage and time of 
treatment. When explants subjected to limited exposure (2 days) to fluoride were 
placed on control medium, the suppressed tooth germs recovered. The recovery 
was enhanced by grafting untreated mesenchyme to the treated explants fol- 
lowed by incubation on control medium. The observations indicate that NaF can 
suppress the development of tooth germs in vitro and that recovery from the sup- 
presion does occur. The more severe inhibition observed in the mesenchymal 
component when compared to the response of the epithelial component of the 
treated explants suggests that fluoride may alter the ultimate morphology of the 
tooth crown by disrupting the normal epithelial-mesenchymal interaction which 
occurs during early tooth development. 

Although the literature reports numerous 
studies concerning the effects of fluoride on 
the postnatal dentition of man and various 
rodent species, there have been few studies 
which have dealt with the influence of this ion 
on prenatal dental development. Alterations 
in the cell structure of ameloblasts, retarda- 
tion of enamel matrix formation, and changes 
in the pulpal blood vessels were reported in 
mice which were exposed to fluoride as NaF 
and CaF, during gestation by way of the 
drinking water and injection (Fleming and 
Greenfield, '54). Paynter and Grainger ('56) 
described changes in the occlusal morphology 
and a size decrease in the molars of rats pre- 
sented fluoride during pre-natal and early 
post-natal life. Molars characterized by shal- 
low fissures with wide intercuspal angles and 
decreased enamel and dentin thickness were 

reported in rats treated with fluoride during 
the pre-eruptive period of early post-natal life 
(Kruger, '64, '66). Gray ('73) also found signi- 
ficant changes in the occlusal morphology of 
molars of rats exposed to fluoride during em- 
bryonic development. 

Fleming ('53) observed alterations of am- 
eloblasts and retardation of enamel and den- 
tin maturation in embryonic mouse tooth 
germs which were transplanted to the axillae 
and brains of mice fed NaF in the drinking 
water. In addition, he reported that the teeth 
of neonatal offspring from the treated mice 
also showed a delay in calcification of the den- 
tal hard tissues and structural changes in the 
ameloblasts. 

Morphological changes in teeth ascribed to 
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the presence of fluoride during gestation in 
man have also been reported. Reduced cusps 
and shallow grooves and fissures were ob- 
served in the molars of children from areas in 
which fluoride was present in the public water 
supply (Maller, ’67). Lovius and Goose (‘69) 
found smaller molar crowns in young boys 
reared in a fluoridated area. Molar teeth with 
increased mesio-distal widths, shallow fis- 
sures, and wide intercuspal angles were found 
in children who lived in an area containing 
fluoride in the public drinking water (Simpson 
and Castaldi, ’69). Increased mesio-distal 
molar width was also observed in children 
from a fluoridated area by Wallenius (‘59). 

These studies indicate that fluoride sig- 
nificantly alters the generally conservative 
expression of the pattern of tooth morphology 
when present during early dental develop- 
ment. The developing tooth germ represents 
an epithelial-mesenchymal interaction in 
which the mesenchymal component, the den- 
tal papilla, acts as an inductive influence on 
the further differentiation of the epithelial 
component, the enamel organ. This influence 
determines whether the enamel organ will 
assume an incisiform or molariform morpho- 
logical pattern (Kollar and Baird, ’69, ’70a,b). 
The pattern serves as the framework for the 
eventual deposition of the dental hard tissues, 
enamel and dentin, which ultimately estab- 
lishes the anatomical features of the tooth 
crown. It  was the purpose of this study to 
determine to what extent fluoride can affect 
the interaction of epithelium and mesen- 
chyme during the development of the embry- 
onic mouse incisor in vitro. 

METHODS 

Mandibular incisors were dissected asep- 
tically from developing mandibles of 15- or 16- 
day C57BL/10 mouse embryos in a mixture of 
fetal calf serum and Tyrode’s solution (1:4 
v/v). The stage of development was dated 
from the appearance of a vaginal plug and 
subsequently verified by the external morpho- 
logical criteria of Gruneberg (‘43). Control ex- 
plants were cultured for two to six days in a 
humidified atmosphere of 5% CO, in air a t  
37°C in plastic organ culture dishes contain- 
ing 1 ml of agar-solidified Eagle’s basal me- 
dium supplemented with an antibiotic (Gen- 
tamicin*), 1% glutamine, and 10% fetal calf 
serum, according to the procedure previously 
described by Kollar and Baird (’68). The ex- 
perimental medium was the same as the con- 

trol except that NaF was added to a final con- 
centration ranging from 2.0 to 8.0 mM. The 
explants were changed to fresh medium every 
two days. Some experiments involved growth 
on the experimental medium for two days fol- 
lowed by four days of incubation on control 
medium. In one recovery experiment, after 
two days of fluoride treatment the suppressed 
explants were positioned adjacent to isolated 
but otherwise untreated dental mesenchymal 
tissue a t  the beginning of the control incuba- 
tion period. The isolated dental supplements 
were obtained by separating the enamel organ 
from the dental papilla of dissected 17-day 
embryonic mandibular first molars which had 
been treated for one to two hours a t  4°C with 
1% trypsin (1:250)5 in Tyrode’s solution (Kol- 
lar and Baird, ’69). A total of 212 explants 
were used; 96 control, 66 fluoride-treated, and 
50 fluoride-treated followed by a recovery pe- 
riod on control medium. The recovery experi- 
ments included five treated explants which 
were combined with untreated mesenchyme. 
After two, four and six days of growth, control 
and experimental explants were fixed in 
Zenker’s-acetic acid fixative. Following fixa- 
tion, all tooth germs were processed through 
routine histological procedures for light mi- 
croscopy, embedded in Paraplast,6 sectioned 
a t  6 pm, and stained with hematoxylin and 
Biebrich’s scarlet. 

RESULTS 

By the fifteenth day of gestation, the mouse 
mandibular incisor has developed into a struc- 
ture composed of an invaginated epithelium, 
the enamel organ, incorporating a mesenchy- 
ma1 condensation, the dental papilla (fig. 1). 
The enamel organ consists of the inner 
enamel epithelium which invests the dental 
papilla as  a layer of undifferentiated colum- 
nar cells and renders the tooth germ its char- 
acteristic spatulate form marked by a depres- 
sion a t  the anterior (incisall end and the cer- 
vical loop a t  the posterior end. The cervical 
loop represents the point a t  which the inner 
enamel epithelium is contiguous with the 
outer enamel epithelium, the other dominant 
feature of the enamel organ a t  this stage of 
development. The outer enamel epithelium 
continues anteriorly from the cervical loop 
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and connects the developing tooth with the 
oral epithelium. Even during the early stages 
the labial aspect of the enamel organ is con- 
vex and longer than the concave lingual 
border. The principle feature of the presump- 
tive dental pulp, the dental papilla, a t  this 
stage of development is the peripheral pre- 
odontoblast cell layer which lies subjacent to 
the inner enamel epithelium. 

After two days of growth in vitro on control 
medium, the basic structure of the tooth germ 
remained unchanged (fig. 2). However, in 
some explants areas of pre-odontoblasts had 
begun to differentiate on the labial aspect of 
the incisor as evidenced by the polarization of 
the nuclei (fig. 3). The pre-odontoblast cell 
layer was separated from the inner enamel 
epithelium by a basement membrane. The 
labial inner enamel epithelium, in many 
cases, had begun to differentiate in that the 
nuclei had migrated some distance away from 
the basement membrane (fig. 3). After six 
days of culture on control medium, the ex- 
plants had advanced their development; the 
labial inner enamel epithelial cells, now 
clearly identified as ameloblasts, were charac- 
terized by a transposition of their nuclei to a 
position distal to the odontoblast cell layer 

Figure 6 illustrates an excised tooth germ 
incubated for six days on medium containing 
NaF a t  a final concentration of 2.0 mM. The 
differentiation of the explant was normal; the 
ameloblasts and odontoblasts had developed 
to a stage similar to that attained by the con- 
trols after six days of growth. 

However, when the medium contained 3.0 
mM NaF, suppression of development after 
two days of growth was suggested by cellular 
degeneration observed in the presumptive 
pulp and a reduced enamel organ. In a few ex- 
plants, such as shown in figure 7, the overall 
size of the tooth germ was not affected but the 
anterior portion of the mesenchyme was 
characterized by widely dispersed abnormal 
cells, many of which were pycnotic (fig. 8). In 
addition, areas of the enamel organ adjacent 
to the affected mesenchyme consisted of 
reduced cells rather than the normal colum- 
nar type (fig. 8). On the other hand, the cells 
of the posterior mesenchyme and enamel or- 
gan were normal in appearance. However, 
there was no evidence of a pre-odontoblast cell 
layer or basement membrane separating i t  
from the enamel organ (fig. 9). 

In some cases, as illustrated in figure 10, 

(figs. 4, 5). 

the entire enamel organ was substantially 
reduced. Moreover, degeneration was noted 
throughout the mesenchyme rather than in a 
localized area. In most of the treated explants 
the overall size of the structure was con- 
siderably smaller than in controls. Following 
six days of incubation a t  this fluoride concen- 
tration (3.0 mM NaF), the characteristic 
curved structure was the predominant mor- 
phological feature although much reduced in 
size (fig. 11). Occasionally, columnar cells 
could be observed in the enamel organ of a few 
of the tooth germs. Typically, in most of the 
explants the entire enamel organ was af- 
fected. The dental papilla was severely sup- 
pressed although a few viable cells were pres- 
ent in some of the explants. 

Older tooth germs were more resistant to 
the effects of fluoride. A 16-day embryonic in- 
cisor cultured for six days on medium contain- 
ing 3.0 mM NaF is illustrated in figure 12. A 
few of the explants were not reduced in size 
although even in these cases abnormal cells 
and the absence of differentiated odontoblasts 
were noted in the anterior region (fig. 13). In 
areas of the enamel organ, the cells were 
differentiated as indicated by their character- 
istically polarized nuclei (fig. 13). The stage of 
development attained by the 16-day experi- 
mental explants compared much more favora- 
bly with the controls after six days of growth 
(fig. 14) than the 15-day experimental ex- 
plants. 

At higher concentrations of NaF, such as 
4.0 mM, the 15-day explants were affected to 
an even greater extent (fig. 15). After two 
days of growth, the enamel organ appeared as 
a reduced epithelial remnant and the dental 
papilla was virtually destroyed. After four 
days of growth in the presence of 4.0 mM NaF 
the severely suppressed enamel organ was 
still recognizable as such (fig. 16). The persist- 
ence of mitotic figures in the suppressed epi- 
thelium emphasized the relative resistance of 
the dental epithelium to the effects of fluoride 
when contrasted to the response of the dental 
mesenchyme (fig. 17). Incubation a t  concen- 
trations higher than 6.0 mM resulted in such 
severe cellular degeneration and necrosis that 
the previous histological organization could 
only be surmised from a few of the remnants. 

Significantly, reversal of the effects of 
fluoride was observed in explants exposed to 
lower dosages. Figure 18 illustrates a 15-day 
incisor tooth germ placed on control medium 
for four days following two days exposure to 
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3.0 mM NaF. Odontoblasts and ameloblasts 
appeared in their characteristically palisad- 
ed arrangement. The stage of development 
reached was similar to that of the controls fol- 
lowing six days of growth. Recovery from the 
suppressive effects of fluoride was also ob- 
served in explants placed on control medium 
for four days following two days' exposure to 
4.0 mM NaF (fig. 19). However, unlike those 
cases recovering from the lower fluoride con- 
centration, the enamel organ recovering from 
4.0 mM NaF was less well differentiated; 
none the less, mitotic figures were present in 
this severely suppressed epithelium. Differen- 
tiated odontoblasts were present and presum- 
ably with additional time on control medium 
these more severely inhibited explants would 
have advanced their development even fur- 
ther. 

The developing tooth germ represents an 
epithelial-mesenchymal interaction. This in- 
teraction involves an inductive influence ex- 
erted by the mesenchymal component, the 
dental papilla. In view of this, an attempt was 
made to further advance the stage of dif- 
ferentiation achieved by the recovering ex- 
plants exposed for two days to 4.0 mM NaF by 
incubating the treated tooth germs on control 
medium with additional mesenchyme ob- 
tained from 17-day embryonic molars. The ra- 
tionale used here was that recovery of the dis- 
similar dental papilla population would be 
enhanced by the addition of fresh untreated 
mesenchyme. Thus, interaction with enamel 
organ tissue would not be delayed but would 
begin immediately. The untreated mesen- 
chyme was grafted to the surface of the 
treated incisor explants and then incubated 
for four days on control medium. The stage of 
differentiation attained by both mesenchyme 
and epithelial components of the treated in- 
cisor explant appeared similar to that ob- 
served in the recovered explants without 
grafts (fig. 20). However, differentiated odon- 
toblasts were also observed in the grafted 
mesenchyme opposite a layer of columnar 
cells derived from the treated enamel organ 
surface (fig. 21). This observation not only 
demonstrated that the capability of response 
to an inductive influence from mesenchyme 
had not been lost by the treated enamel organ, 
but also that the enamel organ surface cells, 
normally represented by the outer enamel epi- 
thelial cell layer, may participate in tooth for- 
mation when the appropriate inductive stimu- 
lus is present. 

DISCUSSION 

The morphological pattern of a tooth is 
determined by genetic influences but struc- 
tural alterations can be inflicted by trauma- 
tizing external factors present during de- 
velopment (Paynter and Grainger, '61). Den- 
tal development is dependent upon such basic 
biological mechanisms as energy transfer and 
protein synthesis which are required in em- 
bryological systems undergoing rapid growth 
and differentiation. Thus, fluoride, a known 
enzyme inhibitor of glycolysis and cellular 
respiration could possibly affect organ mor- 
phodifferentiation through an inhibitory influ- 
ence upon the normal cellular metabolic path- 
ways. Indeed, sodium fluoride administered in 
a concentration range comparable to that 
used in this study has been shown to inhibit 
such embryonic tissues differentiating in 
vitro as the developing chick feather (Kisher 
and Hamilton, '63) and heart (Spratt, '50; 
Duffey and Ebert, '57) and the fusion of the 
palatal shelves in rats (Myers, '71). Of these 
systems, chick feather development, like that 
of the developing tooth germ, results from an 
interaction between epithelial and mesenchy- 
ma1 tissue (Cairns and Saunders, '54; Rawles, 
'63). The reduced growth due to fluoride 
manifested by these structures was thought 
to be the result of utilization of an alternate 
glycolytic pathway or a variation of some 
specific pathway. 

The reported minimum fluoride concentra- 
tion (38-57 ppm F) required for an observable 
effect upon dental development in this in vitro 
study is comparable to that (20 ppm F) uti- 
lized in the studies in vivo of Fleming and 
Greenfield ('541, in which molar morphologi- 
cal changes were described in mice fed 
fluoride by way of the drinking water during 
pre-natal life. Similarly, this value is consis- 
tent with the fluoride concentrations (12-50 
ppm F) used in studies in vivo of altered molar 
morphology reported by Paynter and Grainger 
('56) and Gray ('73) in rats administered 
fluoride during embryonic development. Al- 
though these values are somewhat higher 
than those usually encountered in human 
clinical studies (1-2 ppm F), the data reported 
here are probably due to a species difference; 
the mouse is known to be highly resistant to 
the toxic effects of this ion (Weber and Reid, 
'69). Nevertheless, the demonstrated sen- 
sitivity of the mesenchyme to fluoride in a 
system in which differentiation is directed by 
an epithelial-mesenchymal interaction sug- 
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gests that the previously described altera- 
tions in dental morphology due to the pres- 
ence of this agent during pre-natal develop- 
ment may be related to an inhibition of the 
normal influence of the dental papilla upon 
the enamel organ. 

The light microscopic observations reported 
here do not indicate a specific mechanism of 
action for fluoride as i t  affects the cellular me- 
tabolism involved in tooth germ development. 
However, several observations suggest that  
the ion exerted a differential metabolic inhibi- 
tion rather than an action of general toxicity. 
Cellular activity, inferred from the presence 
of mitotic figures, was never completely 
arrested in the experimental explants, except 
in the most severely affected cases, and ap- 
peared unaffected by the fluoride in both 
enamel organ and mesenchyme of tooth germs 
subjected to limited exposure to the ion. The 
explants were differentially affected by in- 
creasing fluoride dosages, that  is, the tooth 
germs cultured on medium containing 3.0 mM 
NaF appeared inhibited to an intermediate 
degree when compared to the normal appear- 
ing explants exposed to 2.0 mM NaF and the 
severely suppressed explants exposed to 4.0 
mM NaF. These considerations, as well as the 
observation that reversal of the suppressive 
effects of fluoride occurred when the less 
severely affected explants were transferred to 
control medium, support the conclusion that 
fluoride acted as a metabolic inhibitor of de- 
velopment. 

The results presented here clearly indicate 
that the mesenchymal component of the tooth 
germ is much more sensitive to the effects of 
fluoride than the epithelial component. In 
some experiments the enamel organ, although 
reduced, not only retained the characteristic 
incisor morphology but also demonstrated cel- 
lular activity as indicated by the presence of 
mitotic figures. In contrast, the mesenchymal 
area was virtually devoid of viable cells. In 
other experiments involving limited growth 
on medium containing fluoride, the more re- 
sistant enamel organ was inhibited only in an 
area adjacent to the affected mesenchyme, 
indicating that an alteration in the interac- 
tion between epithelium and mesenchyme 
might be involved. Although older tooth 
germs were more resistant to the effects of 
fluoride, i.e., either a high fluoride concentra- 
tion or an increased incubation period was 
required in experiments utilizing the 16-day 
incisor in order to obtain the same effects 

observed in the 15-day incisor, the localized 
pattern of mesenchyme suppression adjacent 
to  enamel organ inhibition seen in younger 
explants was also apparent in 16-day incisor 
explants cultured for longer periods of time a t  
the same fluoride dosage utilized in the 15-day 
incisor experiments. 

The observations are significant when con- 
sidered with the known concept that  the de- 
veloping tooth germ represents an epithelial- 
mesenchymal interaction (Koch, '67, Kollar 
and Baird, '69, and Slavkin, '74). The mesen- 
chymal component, which exerts an inductive 
and organizing influence upon the differentia- 
tion of the epithelial component, determines 
whether the morphology of the induced 
enamel organ will eventually be established 
as molariform or incisiform (Kollar and Baird, 
'69, '70a). Thus, the previous findings im- 
plicating fluoride in alterations of crown mor- 
phology as a result of exposure to the ion 
during the time of early dental development 
may be explained by the adverse influence of 
the agent upon the normal mesenchymal con- 
trol of the further diferentiation of the ena- 
mel organ. 

The enamel organ, while not affected to the 
same degree as the dental papilla, on the 
other hand could be severely suppressed with 
elevated fluoride concentrations. Recovery 
from fluoride inhibition was made obvious by 
the differentiated ameloblasts observed in ex- 
plants transferred to control medium follow- 
ing treatment. In one recovery experiment ad- 
ditional untreated mesenchyme was grafted 
to the outer epithelial surface of treated ex- 
plants. After four days of growth on control 
medium, the enamel organ consisted of differ- 
entiated odontoblasts derived from both the 
treated and untreated mesenchymal compo- 
nents. These observations suggest that the in- 
terior enamel organ cell layer could recover 
from the fluoride treatment and, moreover, 
that the surface layer was also capable of re- 
sponding to inductive mesenchymal signals. 
Thus, the enamel organ surface layer of these 
explants, which in situ is termed the outer 
enamel epithelium, possesses the necessary 
cellular capabilities for participation in epi- 
thelial-mesenchymal interactions leading to 
tooth formation. 
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Abbreviations 

A, Ameloblasts 0, Odontoblasts 
BM, Basement membrane 
CL, Cervical loop 
DP, Dental papilla epithelium 
IEE, Inner enamel epithelium 

OE, Oral epithelium 
OEE, Outer enamel 

PA, Pre-ameloblasts 

PLATE I 

EXPLANATION OF FIGURES 

1 Photomicrograph of a longitudinal section of the anterior region of a 15-day embry- 
onic mandible illustrating typical incisor morphology. X 125. 

Photomicrograph of a section of a 15-day incisor explant cultured for two days on con- 
trol medium. Note mitotic figure in the labial region of the enamel organ (arrow). 
X 158. 

3 Photomicrograph at higher magnification of the region indicated by the arrow in 
figure 2. The differentiated odontoblasts are separated from the pre-ameloblasts by a 
basement membrane. X 400. 

4 Photomicrograph of a section of a 15-day incisor explant cultured for six days on con- 
trol medium. Note differentiated odontoblasts and labial ameloblasts. X 200. 

2 

5 Photomicrograph a t  higher magnification of the labeled region of figure 4. 
Differentiated odontoblasts and ameloblasts are separated by a basement membrane. 
X 400. 
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PLATE 2 

EXPLANATION OF FIGURES 

6 Photomicrograph of a section of a 15-day incisor explant cultured for six days on medium containing 2.0 
mM NaF. The stage of development attained is similar to that  seen in control explants after six days of 
growth. X 200. 

Photomicrograph of a section of a 15-day incisor explant cultured for two days on medium containing 3.0 
mM NaF. Note the degeneration in the anterior region of the dental papilla and adjacent areas of the 
enamel organ (lined arrow) and mitotic figure in the posterior labial region of the enamel organ (solid 
arrow). x 200. 

Photomicrograph a t  higher magnification of the region of figure 7 indicated by the lined arrow. Note the 
abnormal cells of the dental papilla and reduced enamel organ cells. X 400. 

9 Photomicrograph a t  higher magnification of the region of figure 7 indicated by the solid arrow. The cells of 
the dental papilla and enamel organ appear normal but an odontoblast layer and basement membrane are 
not evident. X 400. 

Photomicrograph of a section of a 15-day incisor explant cultured for two days on medium containing 3.0 
mM NaF showing the reduced size of the dental structure and overall suppression of mesenchyme and 
enamel organ. X 250. 

Photomicrograph of a section of a 15-day incisor explant cultured for six days on medium containing 3.0 
mM NaF. Incisor morphology is recognizable although the explant is much reduced in size. Some viable 
cells are present in both the mesenchyme and the enamel organ. X 250. 

7 

8 

10 

11 
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PLATE 3 

EXPLANATION OF FIGURES 

12 Photomicrograph of a section of a 16-day incisor explant cultured for six days on me- 
dium containing 3.0 mM NaF. X 158. 

Photomicrograph of the anterior region of the explant shown in figure 12. Note the 
absence of odontoblasts and the abnormal cells of the dental papilla. The cells of the 
more resistant enamel organ appear normal. X 400. 

14 Photomicrograph of a section of a 16-day incisor explant cultured for six days on con- 
trol medium. X 158. 

15 Photomicrograph of a section of a 15-day incisor explant cultured for two days on me- 
dium containing 4.0 mM NaF. The mesenchyme and enamel organ are severely 
inhibited by fluoride. X 200. 
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PLATE 4 

EXPLANATION OF FIGURES 

16 Photomicrograph of a section of a 15-day incisor explant cultured for four days on medium containing 4.0 
mM NaF. The mesenchyme is essentially destroyed. Note the mitotic figure (arrow) in the more resistant 
enamel organ. X 250. 

Photomicrograph a t  higher magnification of the area of the mitotic figure seen in the posterior enamel 
organ and adjacent mesenchyme of figure 16. X 400. 

18 Photomicrograph of a section of a 15-day incisor explant cultured for two days on medium containing 3.0 
mM NaF, then transferred to control medium for four days. Differentiated ameloblasts and odontoblasts 
are recognized by the presence of polarized nuclei. X 200. 

19 Photomicrograph of a section of a 15-day incisor explant cultured for two days on medium containing 4.0 
mM NaF, then transferred to control medium for four days. The stage of differentiation attained is slightly 
behind that  of recovering explants exposed to lower fluoride concentrations (fig. 18). X 250. 

20 Photomicrograph of a section of a 15-day incisor explant cultured for two days on medium containing 4.0 
mM NaF, then transferred to control medium and positioned adjacent to isolated dental mesenchyme 
obtained from 17-day embryonic mandibular molars. After four days of growth, the enamel organ consists 
of columnar cells contiguous with a cervical loop, adjacent to treated mesenchyme (solid arrow) and un- 
treated mesenchyme (lined arrow). X 250. 

Photomicrograph a t  higher magnification of figure 20. Note the odontoblasts from treated mesenchyme 
(right) and untreated mesenchyme (left). X 400. 
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