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INTRODUCTION

During the maturation stage of amelogenesis, two major changes occur within the enamel: 1) there is
degradation and remova of organic matrix components previously accrued in the secretory stage, and 2) there
is a massive influx of Ca and P minera ions. Although the exact mechanisms by which these changes are
achieved remain to be clarified, recent evidence suggests that precise cyclicd cellular control is exerted over these
maturative events by ruffleended and smooth-ended ameloblasts.*”’

MATERIALS AND METHODS

Light microscopy Rats (100 g) were fixed by intracardiac perfusion with 5% glutaraldehyde in 0.08 M sodium
cacodylate buffer containing 0.05% CaCl,, pH 7.3. Lower incisors were dehydrated, embedded in Epon,
sectioned, and stained with toluidine blue.

Whole-mount radioautography (RAG) Rats (100 g) were injected with 1 uCi/gbw of either *°*Ca (as calcium
chloride or 3P (as orthophosphoric acid) and sacrificed by decapitation after 5 min. Dissected incisors were

wiped free of their enamel organs and coated with emulsion and processed for RAG as described previougly.!
In vitro Ca and protein staining Staining of Ca with glyoxa big[2-hydroxyanil](GBHA), arsenazo Ill, and

calmagite was performed as described previously?® on rat, rabbit and pig teeth from 1-, 3- and 6-month-old
animals, respectively. Proteins in the surface layer of the enamel were visualized by staining with uranyl acetate
and Coomassie blue and by whole-mount RAG 1 hr after **S-methionine injection.*

Vinblastine experiment Rats (100 g) were injected intravenously with 0.5 mg vinblastine and sacrificed at 4 and
8 hr, stained with GBHA, or additionally injected with **Ca or calcein® at 4 and 8 hr after vinblastine and
sacrificed at 5 min thereafter by decapitation.

RESULTS

In the maturation stage of amelogenesis, smooth-ended (SAs, Fig. 6:18) and ruffle-ended (RAS; Fig. 6:1b)
ameloblasts were distributed as bands (Fig. 6:3) across the maturing enamel surface. These two cell types had
different morphologies and a different arrangement of junctional complexes. In a previous study,® it was shown
that the lack of distal tight junctions allowed peptides of various molecular weights to pass across bands of SAs
and enter the enamel via the extracellular fluid; however, this pathway was obstructed by RAs (Fig. 6:2).

The major uptake of *Ca (Fig. 6:4a) and **P (Fig. 6:4b) occurred in the maturing enamel in a cyclicdl manner
that reflected the distribution of RAs and SAs. In both cases, the majority of mineral ion uptake appeared in
enamel related to RAs.” Staining of Ca in teeth from rats (Figs. 6:4a-€), pigs (Figs. 6:5a-€), and rabbits (Fig.
6:5f) with GBHA, arsenazo 111, and calmagite revealed distinct banding and swirling patterns reflecting RA-SA
distribution. GBHA stained enamel related to SAS” while the other stains were specific for RA-related enamel .

Adminstration of vinblastine caused a gradual loss of RAs such that by 8 hr, only SAs were present in the
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maturation stage (Fig. 6:6). These morphological changes correlated with decreasing uptake of Ca into the
ncreasing GBHA® (Figs. 6:7d) and calcein stainability (Figs. 6:7g-i).

Fig. 6:1. Smooth-ended (SA; a) and ruffle-ended (RA; b) maturation ameloblasts of the rat incisor. RAs are
characterized by an extensively infolded distal cell membrane that forms a ruffled border (arrowhead). These
cdls have distal tight junctions whereas SAs are open to the enamel at their distal ends.

Fig. 6:2. Schematic diagram indicating differences in extracellular permeability between RAs and SAs. The
experimental passage of smal peptides across SAs and into the enamel, but not across RAs, suggests that this
paracellular route may be a pathway for loss of organic matrix degradation products during the maturation stage.
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Fig. 6:3. Seria section reconstruction of RAs and SAs in the maturation stage of the lower incisor of the rat.
RAs are the predominant cell type and are interrupted by narrow, and often oblique, bands of SAs.

Fig. 6:4. Whole-mount radioautographs of lower incisor enamel from rats sacrificed 5 min after injection of “*Ca
(@) and **P (b). These, and incisors stained with GBHA (c), arsenazo |11 (d) and calmagite (e), al show banding
patterns reflecting RA-SA distribution (compare with Fig. 6:3). The mgority of mineral ion uptake is associated
with RAs (ab). Arrows indicate regions corresponding to the newly-forming ruffled border and arrowheads
indicate regions corresponding to SAs (see Fig. 6:9). M, maturation stage enamel; S, secretory stage enamel.



Fig. 6:5. Pig canines (a-d), incisor () and rabbit incisor (f) stained with the Ca-complexing agents GBHA
arsenazo |11 (Alll) and calmagite (CAL). Extensive "swirling" is a common feature of the staining pattern found
in porcine canines. The staining patterns of teeth first immersed in Alll (asterisks, c), and then counterstained
with GBHA (arrows, c), indicate that these two stains identify RA- and SA-related enamel, respectively. S,
secretory stage enamel; Arrowhead, junction between secretory and maturation stage enamel.
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Fig. 6:6. Light micrograph of a segment of a lower rat incisor 8 hr after injection of vinblastine. Only SAs are
observed during the maturation stage. ct, periodontal connective tissue; pl, papillary layer; asterisk, enamel space.

Fig. 6:7. Radioautographic and staining patterns in rat maturing enamel a 0, 4, and 8 hr (as indicated) after
administration of vinblastine. Radiolabeled Ca uptake diminishes (a-c), and GBHA (d-f) and cdcein (g-i)
staining increases, at 4 hr after vinblastine. By 8 hr, these effects are maxima as one full wave of RA to SA
modulation has propagated across the interband distance (arrows d-f) during this time. The complementary SA
to RA conversion has not occurred due to presence of the microtubule-disrupting drug.



