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Ultrastructural histochemistry
of the dento-epithelial junction
I. Phosphotungstic acid periodic acid-silver

methenamine and periodic
acid-thiosemicarbazide-sifver protelnate
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The phosphotungstic acid (PTA), periodic acid-silver methenamine (PA-silvcr) and periodic
acid-thiosemicarbazide-silver proteinate (PA-TSC-SP) histochemical techniques for electron
microscopy were utilized in a study of the dento-epithelial junction of young adult Rhesus
monkeys. PTA, PA-silver and PA-TSC-SP staining reactions successfully differentiated the
basal lamina as a reaction-positive layer from the raction-negative layer cf the denial
cuticle. These results indicated that the basal lamina but not the dental cuticle contains
glycoprotein-rich material. Therefore, it was suggested that the basal lamina, because of its
ubiquitous presence at the dento-epithelia! junction and glycoprotein content, plays the
key role in the adhesion mechanism, whereas the role of the inconsistent (size and
presence) dental cuticle as a similar glycoprotein-cementing structure may be ruled out.
Tlie similarity of the basal lamina at the dento-epithelial junction to that found between
the epithelium and the underlying connective tissue was confirmed again, not only with
respect to their common structural features but also to their identical stainabilities to
various PTA solutions and the PA-silver and the PA-TSC-SP techniques.

(Accepted for publication August 3, 1976)

Intro tiction ^j^^ hemidesmosomes, lamina lucida and
With the exception of one study on ruthen- lamina densa. Based on these findings, it
itim red staining (Schroeder 1969), informa- w.as suggested that an adhesion in the sec-
tion on the ultrastructural historchemistry ondary minimum (an adhesion characterized
of the dento-epithelial junction (DEI) has by a gap 60-300 A and controlled by an
not been forthcoming. The organization of interplay of electrostatic forces of repulsion
the attachment mechanism was recently and a London van der Waals force of at-
discussed in the light of new findings (Ko- traction, Curtis 1973) occurred in this re-
bayashi. Rose & Mahan 1976). We showed gion and significantly participated in the
the presence of the sub-lamina lucida, an attachment mechanism of the dento-epithe-
electron-lucent thin layer between the tooth lial junction. If this hypothesis is correct,
stirface and the structural unit consisting of the space corresponditig to the sub-lamina
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lucida, according to a further definition of
an adhesion in the secondary minimum, has
only to be filled with the usual surrounding
tissue fluids rather than with a special
mediating agent.

In order to obtain more pertinent data on
the components organizing the dento-epi-
tiielial junction, it is obvious that the techni-
ques of ultrastructural histochemistry must
be applied. Phosphotungstic acid (PTA) has
been used for the detection of carbohydrate
complexes, mainly glycoprotein, in the
strong acidic range (Marinozzi 1968, Pease
1966, 1968, Rambourg, Hernandez & Le-
blond 1969). PTA in an acidic medium
selectively stains basement membranes, cell
coats, desmosomes, contents of the Golgi
complex, intercellular cement, and coflagen
fibrils. However, there has been some criti-
cism against the PTA staining, and because
it is important to determine what structures
are involved in the adhesion mechanism as
a carbohydrate-rich biological cement, we
applied both the PTA and the PA-silver
(periodic acid-silver methenamine) and the
PA-TSC-SP (periodic acid-thiosemicarba-
zide-silver proteinate) techniques to sections
through the DEJ of Rhesus monkeys.

The PA-silver and PA-TSC-SP techniques
have been significantly improved for the
ultrastructural detection of carbohydrate
complexes (Anderson & Personne 1970,
Courtoy & Simar 1975, DeMartino & Zam-
boni 1967, Rambourg 1967, 1971, 1973,
Rambourg & Leblond 1967a, b, Rambourg
et al. 1969, Swift & Saxton 1967, Thiery
1967, 1969, Vaa Heyningen 1965). With
both PA-techniques the reaction is due to
glycoproteins, and with the PA-TSC-SP
technique, glycogen is also responsible for
the reaction. In this report, we have at-
tempted to detect a part of the chemical
element of the attachment mechanism at the
dento-epithelial junction. Our data refers
principally to the reaction differences of
the basal lamina and the dental cuticle.

Material and Method

The investigations were carried out on three
young healthy adult Rhesus monkeys. Under
sodium pentobarbital anesthesia, tissues se-
lected for examination were obtained surgi-
cally from the animals by the technique
previously described (Kobayashi et al. 1976).

Preparation of tissues
Half of the tissues obtained were immersed
immediately in a fixative containing 4 %
paraformaldehyde and 2 % glutaraldehyde
buffered with 0.1 M sodium phosphate (pH
7.4) for 6 hours, or in a fixative composed
of 4 % paraformaldehyde buffered with
0.1 M sodium phosphate (pH 7.4) for 3
hours. The latter group was followed by
immersion in 2 % glutaraldehyde with the
same buffer solution for the next 21 hours.
The specimens were washed in an isotonic
buffer solution containing 0.1 M sucrose
and then were transferred into 0.1 M
disodium ethylenediaminetetraacetic acid
(EDTA) solution (Warshawsky & Moor
1967) for decalcification of the dental tissue.
After decalcification, the tissues were cut
into smaller blocks and refixed ia 2%
glutaraldehyde solution buffered with 0.1 M
sodium phosphate (pH 7.4) for 2 hours and
finally embedded in hydroxypropyl metha-
crylate (HPMA) according to a slightly mo-
dified method (Leduc & Holt 1965). Prelimi-
nary experimeots for HPMA embedment
resulted in severe deformations of the tissues
during the early stage of dehydration. To
overcome this, it was necessary to dehydrate
the specimens in graded ethanol up to 80 %
prior to their dehydration and final embed-
ment in HPMA.

The other half of the specimens were
fixed either by 1) immersion in a solution
containing 4 % paraformaldehyde and 2 %
glutaraldehyde for 4-5 hours, 2) immersion
in 4 % paraformaldehyde for 4-5 hours, or
3) perfusion with 2 % glutaraldehyde,, as
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described in a previous report {Kohayashi
et al. 7976), All three fixatives were buf-
fered with 0,1 M sodium phosphate (pH
7,4). The specimens were decalcified as
previously described. Half of the specimetis
from each prefixatioti group were then post-
fixed for 2 hours in 2 % ostnitim tetroxide.
All specimens were dehydrated in a series
of graded ethanol solutions and etnbedded
in Epon (Luft 1961), In all cases used for
the PTA and PA-silver stains, a postfixatlon
with osmitim tetroxide was omitted in order
to mitiimize notispecific reactions.

Staining of sections
Pale yellow ribbons were cut on a Porter-
Bltxm MT-2 tiltramicrotome with diamond
or glass knives. Thin sections were collected
and transported within the Itimen of gold
wire loops and floated on the respective
staining solutions. The stained sectiotis were
washed very briefly in distilled water. The
Epon sections were mounted on naked
copper grids and the HPMA sections were
tnounted oti copper grids coated with col-
lodion support films,

PTA. Phosphotungstic acid (PTA) solu-
tions used in this study were as follows:
1. 5 % phosphotungstic acid (Fisher Scien-

tific Company, New Jersey) in distilled
water (Aq-PTA), 30' and 60 minutes at
room temperature or 35°C.

2. 1 or 2 % phosphotungstic acid in 10 %
chromic acid (CrA-PTA) 5, 10, 15, 20,
and 30' minutes at room temperature.

3. 1 or 2 % phosphotutigstic acid in 100 %
ethaool (E-PTA) 5, 10 and 15 minutes
at rootn temperature.

As ,a control, sections from the same
blocks were both examined without any
staitiing or after staining with uranyl acetate
and lead citrate. Examinations of the stained
sectiotts were made with an RCA EMU 4B
electron tnicroscope operated at 75 KV (50
KV for tionstaitied sectiotis).

PA-Silver. The periodic acid-silver me-
thenamine (PA-silver) procedure of Ram-
bourg (1967) w,as followed except for minor
adjustments. The sections fixed only with
the aldehyde groups were used for this
technique, since the osmication of tissues
generally increases non-specific reactions.
Glutaraldehyde has been accepted as the
preferable fixative for the PA-silver techni-
que (Ratnbottrg 1971, Rambourg & Leblond
1967a, Rambonrg et al. 1969). The sections
were collected on gold wire loops, floated
on the respective staining solutions,, and
treated stepwise as follows:
1. 1 % periodic acid (G, Frederick Smith

Chemical Co,, Coltimbus, Ohio) solution
in distilled water, 20 minutes,

2, Rinse on distilled water, 3 short changes
and 60 minutes or overnight rinse on
last bath,,

3. Silver methenamine solution 5 % silver
nitrate in distilled water, 5 titl; 3 %
methenamine (Fisher Scientific Co., Fair-
lawn, N, H,) in distilled water, 45 ml;
2 % soditim borate in distilled water, 5
ml, 65 °C, 50 to 70 minutes.

4, Rinse on distilled water a few minutes,
5. 5 % sodium thiosulfate (Fisher Scientific

Company, Fairlawn, N. J,) in distilled
water,, 5—10 minutes,

6, Rinse on distilled water, 3 short changes.
For the control, sections which had not

been oxidized by the periodic acid (PA) were
similarly treated commencitig with Step 3.
The sections were mounted on naked copper
grids and examined without any counter
staining in an RCA EMU 4B electron
microscope operated at 75 KV,

PA-TSC-SP. The periodic acid-thiosemi-
carbazide-silver proteinate (PA-TSC-SP)
procedure was performed In accordance
with Thiery (1967, 1969), Specimens post-
fixed with ostnitmi tetroxide, as well as
those fixed only with aldehyde groups, were
staitied, using a gold wire loop and the float-
ing method as follows:
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1 , 1 % periodic acid (G. Frederick Smith
Chemical Co,, Golumbtis, Ohio) solution
in distilled water, 30 minutes.

2. Rinse on distilled water, 3 short changes
and 30 minutes on the last bath.

3. 1 % thiosemicarbazide (Polysciences,
Inc.,, Waxrington, Pa.) solution in 10 %
acetic acid, 30, 45 minutes, 24, 48, and
72 hours.

4. Rinse on acetic acid solution.
a) 10 % acetic acid in distilled water, 10

minutes X 3 changes.
b) 5 % acetic acid in distilled water, 5

minutes.
c) 1 % acetic add in distilled water, 5

minutes.
5. Rinse on distilled water, 2 short changes.
6. 1 % silver proteinate (Polyscieoces, Inc.,

Warrington, Pa.) solution in distilled
water, 30^5 minutes in the dark.

7. Rinse on distilled water, 3 short changes.
Control sections were treated as in Steps

3 through 7 without PA-oxidation, accord-
ing to Courtoy & Simar (1974). All treated
specimens were mounted on naked copper
grids and examined as for the PA-silver
specimens without any couater staining.

Results

The PTA techniques for HPMA sections
Low-power electron micrographs denoted
electron-dense otjtlines of the janctional epi-
thelial cells as the reaction product with
Aq-PTA and CrA-PTA. The results of these
two techniques varied in that the Aq-PTA
also gave a strong reaction with the back-
ground embedding media. However, both
techniques consistently demonstrated posi-
tive reactions for the cell coats, desmosomes,
and basal lamina of the dento-epithelial and
epithelio-connective tissue jtmctions. Within
the cell only the contents of the Golgi com-
plex and some unidentified granules were
stained. The basal lamina was observed as a
PTA-positive layer in contrast to the adja-

cent junctional epithelial cytoplasm and the
thin afibrillar cementum covering the enam-
el after Aq-PTA staining (Fig. 1). A well-
developed dental cuticle was seen as an
electron-dense layer even in unstained sec-
tions (Fig. 2). However, when sections from
this block were stained with Aq-PTA,, the
dental cuticle gave a negative re,actio'n which
appeared light next to the positively reacting
basal lamina (Fig. 3). The tri-laminar ceU
membrane of the junctional epithelium fac-
ing the basal lamina was not stained with
PTA and therefore appeared as a thin clear
line. This was also true in the areas of hemi-
desmosomes. The attachment plaques in-
ternal to the cell membrane and the space
between the cell membrane and the periph-
eral densities reacted positively with PTA,
but the peripheral densities themselves were
largely obscured. The desmosomes between
cells had similar staining patterns, viz., the
attachment plaques vifithin the apposing cells
and the intercellular material were electron
dense after PTA staining (Fig. 3, insert). In
all of the specimens embedded in HPMA,
the basal lamina was stained tiniformly by
the Aq-PTA and CrA-PTA, i.e., the lamina
lacida, the lamina densa, and the sub-lamina
tacida subdivisions were not discernible.

The PTA technique for Epon sections
With Epon sections, it was difficult to ob.-
tain constant results from PTA staining due
to its relative impermeability. However, the
results (Figs. 4-7) were comparable with
those of the HPMA sections. It was denoted
from comparisons with the control sections
in the region over the root cementum (Fig.
4) that the E-PTA stairiing gave a positive
reaction for the basal lamina and a negative
response for the deatal cuticle (Fig. 5). He-
midesmosomes were distinct, but unlike the
tiniformly stained HPMA embedded sec-
tions, there was a narrow electron-lucent
layer outside of the peripheral densities, i.e.,
the lamina lucida (Fig. 5).
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Fig, 4, Control section of DEJ over root cemenium (re). Uranyl acetate and £ead citrate. Dental cuticie (dc) is
lying over root cementum. Glutaraldehyde perfusion fixation. Epon section, x 35.550.

Fig. 5, DEJ over root cementum (re) covered by dental cuticle (dc). 2 % E-PTA, 15 min. The basaf famina (bl)
stained positiveiy and the dentai: cuticle faiied to stain. The surface edge of root cementum ss clearly visibie
due to a more intense staining of the banded collagen fibriis than in control section [Fig. 4). Glutaraldehyde
perfusion fixation. Epon section, x 35,550.

The CrA-PTA staining yielded similar
results. However, the positive reactions for
the hemidesmosomes and the basal lamina
appeared to be acceotaated due to the
relative weakness of the cytoplasm and
negative response of the tmderlying dental
cuticle which was clearly shown to be pre-
seot in the control sections (Figs. 6 & 7).

The PA-silver technique
A silver deposition occurred on the basal
lamina of the DEJ, as well as on ail cell
surfaces, the cisternae of the Golgi complex,
and on chromatin regions of the nuclei of
the janctional epithelium apposing the
enamel or the root cementum. In some sec-
tions, the hemidesmosomes along the cell

Fig, 1. Junctional epithelium over the enamel, 5 % Aq-PTA, 60 min, Junctional epithelium (je) apposes thin
afibrillar cementum (ac) which shows a negative reaction to PTA. Basai iamina (fal) is finely differentiated
from adjacent junctional epithelium and afibriiiar cementum as a positive reaction site. Presence of hemi-
desmosomes (hd) are recognized by the stainability of thieir attachment piaques, but peripherai densities are
generally obscured by uniform reaction of basal iamina, Paraformaidehyde-glutaraldehyde mixture -*. giutaralde-
hyde fixation. HPMA section, x 35,550.

Fig. 2. Nonstalned control section showing the presence of well-developed dentai cuticie (dc). Paraformalde-
hyd:e-*glu1araldehyde^giutaraldehyde fixation. HPMA section. X 35,200.

Fig, 3. Typical electron micrograph showing the difference in stainabiiity to PTA between basal lamina (bl)
and dentai cuticle (dc). 5 'A Aq-PTA, 60 min, it is denoted wiih particuiar interest that dental cuticle is reac-
tion-negative layer and is En striking contrast to basal iamina which is reaction-positive layer, Paraformalde-
hyde-.^giutaraldehyde—giutaraldehyde fixation. HPMA section. X 35,55D. insert. Desmosome between juncti-
onal epithelial cells. 5 Vo Aq-PTA, 60 min. Attachment plaques within the apposing ceiis and interceiiular
material are stained. Paraformaldehyde^ giutaraidehyde-s-glutaraidehyde fixation. HPMA section, x 35,550.
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Fig, 6, Control seciion of DEJ over root cementum (re), Uranyl acetale and lead citrate. Dental cuticle (dc) is
interposed between root cementum and basal lamina (bl), Correlatian of junctional epitheliuTti (je) to dental
cuticle through basal lamina is typical, ParatDrmaldehyde fixation, Epon section, X 23,700,

Fig, 7, Electron mjcrograpn obtained from the same block as conirol in Fig, B and stained with CrA-PTA,
2"/« CrA-PTA, 20 min. in contrast with control section, the electron density obtained by CrA-PTA is high in
basal lamina (bl) and low in dentai cuticle (dc), Paraformaldetiyde fixation, Epon section, x 23.7Q0,

membranes facing the basal lamina were
delineated by their silver affinities. Similarly,
the intercelMar layers between desmosomes
were deeply stained (Fig, 8, insert). The
dental cuticle was not stained with the PA-
silver technique in contrast to the positive
reaction of the basal lamina and the organic
matrix of the afibriiiar cementum coveritig
the enamel (Fig, 8), Control sections treated
with silver methenamine withotit a prior PA-
oxidation showed nonspecific silver deposi-
tions on the nuclei and collagen fibrils iti
the connective tissue tinderlying the junc-
tiotial epithelium. However, no reaction
occturred along the basal lamina, the dental

cuticle, the afibriiiar cementum or the cell
surfaces in these control sections.

At the DEJ over the root cementum, the
basal lamina gave a specific reaction to the
PA-silver technique, whereas the dental
cuticle failed to react (Fig. 9), Collagen
fibrils packed in the root cementum reacted
positively to the PA-silver, as well as non-
specifically to the control staining.

The dental cuticle was often highly elec-
tron-lucent after PA-oxidation (Figs. S & 9).
However, when these same sections were
stained with tiranyl acetate and lead citrate
after PA-oxidation (Fig. 10), the ustial
electron-dense nature of the dental cuticle
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Figi. 8. Weii-deveioped dental cuticie (do) at DEJ over enamei, PA-silver. Dentai cuticle denoted as .ii y
etectron-iucent layer resulting from negative reaction between reaction-positive basal Samjna (b!) and organic
matriK of afibriJSar ,cementy:m (ac). Chromatin regions of nucleus show intensely positive but nonspecific re-
action. Glutaraidehyde (24 hr} fixation, x 23,7D0.

Fig. 9. Thick dentaf cutjcle [do) over root cemer^tum (re). PA-siiver. Dental cuticle is eiectron-lucent result-
ing from negative reaction with this staining. Adjacent basai lamina (bi) is reaction-positive. Glutareidehyde
(24 hr) fixation, x 23.700,

reappeared (Fig. 11). The basal lamina was
stained uniformly, but the lamina lucida,
lamina densa, and sub-lamina lucida sub-
divisions were not differentiated by this
technique.

The basal lamina of the epithelio-connec-
tive tissue junction was similarly reaction-
positive to the PA-silver staining (Fig. 12).

The PA-TSC-SP technique
The intensity of the reaction to this techni-
que was greatly influenced by the fixatives
used for tissue preservation (Figs. 13-19).
In the specimens fixed with the paraformal-

dehyde and glutaraldehyde mixture (Figs.
13, 16 & 17), the basal lamina of the DEJ
and the epithelio-connective tissue junction
reacted weakly to the PA-TSC-SP technique.
This was true even for the specimens past-
fixed in osmium tetroxide (Figs. 13 & 17).
However, this realtively weak reaction was
a specific and positive response when com-
pared with the pale delineations in the
control sections. Furthermore, the reactions
of the basal lamina to the PA-TSC-SP
technique after the other methods of spe-
cimen fixation were stronger (Figs. 14, 15,
18 & 19). The details in the micrographs
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Fig, ID. Eiectron micrograph obtained just after PA-oxidation of thin sections withouf counter staining. Dental
cuticle (dc) is electron-lucent. Paraformaldehyde-glutaraldenyde mixture fixation, x 34,000,
Fig, 11, The same oxidized seoiicn with PA as Ihat in Fig, 10 but followed by double staining with uranyl
acetate and lead citrate. Dental coticle (dc) has fypicai electrondense nature and ali other features at DE,J are
consistent with those obtained after routine procedures, Paraformaldehyde-glutaraldehyde mixture fixafion,
X 39,000,

Fig, 12, Epithellc-connectlve tissue junction, PA-silver, Basal lamina (bl) at this junction was aiso stained
uniformly as that at DEJ. Hemidesmosomes (hd) can be seen along the basal ceil membrane. Intense reac-
tion of collagen librlis in underiying connective tissue (ct| are nonspecific, Glutaraldehyde (4 hr) fixation,
X 1B,50D.

Fig, 13, DEJ over enam,el, PA-TSC (48, hr)-SP, Well-developed dental cuticle (dc) is present at this junction
as a reaction-negative layer between reacfion-positive basai lamina (bl) and thin afibriiiar cem:entum (ac). In
this miicrograph, basal lamina reveals ifs triiameliar structure, i,e,, reaction-negative lamina lucida, reaction-
positive lamina densa, and reaction-negative sub-!amina iucida. Paraformaldehyde-glutaraldehyd© mixture fix-
ation toilowed by osmium tetroxide, x 16,500,

obtained after this techniqtie were of higher
quality than those obtained after the PA-
silver technique.

At the DEJ over the enamel,, all cell sur-
faces of the junctional epithelium, the inter-
cellular layers between desmosomes, and tbe
hemidesmosomes were clearly delineated by

the superimposed lines of silver deposition.
The basal lamina was identified by the
superimposition of fine silver precipitates
which distinguished it from the tmstaiited
dental cuticle (Fig. 13), The dental cuticle
had some electron density in the sections
fixed with paraformaldehyde and glutaral-
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Fig. 1t- DEJ simiiar to that of Fig. 12. PA-TSC (48 hr)-SP. in this case, basai iamina (bi) Is divided ihto iamina
lucida and lamina densa and only lamina densa shows intense reaction to this staining. Afibriiiar cemenium
(ac) is partially retained, aithough it was mostly separated and suspended in the enamel space (es) produced
after decaicifioation. Giutaraidehyde J24 hr) fixation followed by osmium tetroxide. x 39,000.

Fig, 15, DEJ with thin denial cuticie (dc) and thick afibrillar cementum (ac) over enamel. PA-TSC (4a hr-
SP. Basal iamina (bi) reacted intensely and uniformly, whereas dental cuticle is unstained. Giutaraldehyde
(24 hr) fixation foilowed by osmium tetroxide. x 23,700.

Figi. 16. DEJ with dental cuticle (dc) over ename!. PA-TSC (30 min)-SP. Dental cuiicle is electron-iucent due
to its nonreaotiviiy. Basal iamina (bl) shows a weakiy positive reaction. Paraformaldehyde-glutaraldefiyde
mixture fixation, x 25,500.

Fig, 17, DEJ over root cemenium. PA-TSC (45 min)-SP, There is no dental cuttcfe at this portion near apicai
termination of junctionai epithelium (je). Three-part design of basai iamina (bt) is seen, i.e., only lamina
densa is positive, although the intensify of reaction is weak in comparison wilh specimens fixed with other
procedures. Qiycogen particles (gi) scattered in the oytopiasm are visible. Paraformaldehyde-glutaraidehyde
mixture fixation followed by osmium tetroxide. x 39,000.
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Fig, 16, Well-developed dental cuticle (do) over root cemsntum. PA-TSC 130 mln)-SP. Eiectron-lucent nega-
tive response is characteristic in this figure. Basal lamina (bi) shows intense and uniform reaction through tine
entire layer. Giutaraldehyde (24 hr) liKation. x 25,500.

Fig, 1B, DEJ over roof cementum (rc) covered by thick afibrillar cementum (ac). PA-TSC (72 hr)-SP. The sur-
face of fhis afibrillar cementum facing basal lamina (bl) is covered by a dental cuticle (dc). Basal iamina
shows strong reaction and Uniterm stainability through the entire layer. Dental cuticle is an electron-lucent
layer, i.e., a negative reaction. Glutaraldehyde (24 hr) fixation followed by osmium tetroxide. X 23,700.

dehyde mixture followed by osmium solu-
tion, but the silver deposition did not occtir
in this layer following the PA-TSC-SP
techttiqoe (Fig, 13). Examinations of adja-
cent sections stained conventionally denoted
this layer as the dental cuticle. The intensity
of the reaction of the basal lamina after
glutaraldehyde fixation increased as the fixa-
tion time was extended (Figs. 14 & 15), With
the exception of the specimens fixed with
the paraformaldehyde and glotaraldehyde
mixture and postfixed in osmium tetroxide
(Fig, 13), the dental cuticle was electron-
lucent, i.e., nonreactive to the PA-TSC-SP
technique (Figs, 15 & 16),

At the DEJ over the root cementum, the

reactions resulting from this technique were
consistent with those observed for the DEJ
over the enamel. In the sections from the
specimen fixed with the paraformaldehyde
and glutaraldehyde mixture and postfixed
in osmium tetroxide, all membranous struc-
tures were sharply delineated by the silver
deposition, whereas the collagen fibrils in
both the root cementum and connective tis-
sue were reaction-negative (Fig, 17), The
reaction-positive mitochondria, Golgi com-
plex, and glycogen particles in the junctional
epithelial cells were especially visible since
the tonofilaments were not stained.

The basal lamina located at the DEJ over
the root cementum, as well as that of the
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epithelio-connective tissue junctiottj was po-
sitive to the PA-TSC-SP technique. Al-
though their staining intensities were com-
paratively weak, the control sections failed
to delineate the basal lamina. Near the
apical termination of the junctional epi-
thelium, the absence of a dental cuticle was
confirmed by the uranyi acetate-lead citrate
staining. High-power views ol this area after
the PA-TSC-SP reaction revealed the 3-part
design of the basal lamina. The lamina densa
was a reaction-positive layer and the lamina
lucida and the sub-lamina lucida were reac-
tion-negative layers (Fig. 17). In other areas
in which the existence of a well-developed
dental cuticle had been confirmed bj' con-
ventional staining, this layer reacted nega-
tively to the PA-TSC-SP technique (Fig. 18),
despite its usual electron density, even in
sections unstained by conventional proce-
dures. Electron micrographs obtained from
the specimens fixed with glutaraldehyde,
whether or not postfixed, showed a remark-
able difference in the stainability between
the basal lamina and the dental cuticle. In
these cases, the basal lamioa reacted posi-
tively to the PA-TSC-SP technique, whereas
the dental cuticle was an electron-lucent
layer (Figs. IS & 19).

Discussion

The principal data obtained from this study
indicated that the basal lamina of the DEJ
was positive and the dental cuticle was
negative to the staining reactions of three
PTA compounds in acidic solutions and to
the PA-silver and the PA-TSC-SP staining
techniques. The specificity of these staining
reactions was carefully compared against
the control sections.

PTA has been used in strongly acidic
solutions to detect the presence of complex
carbohydrates (or polysaccharides) in tissues
at the ultrastructural level (Marinozzi 1968,
Pease 1966, 1968, Rambourg et al. 1969,

Seder 1969). Pease (1966, 1970) explained
the staining mechanism by his theoretical
justification that multiple hydrogen bonds
are formed between PTA radicals and chains
of polysaccharide units. Considerable ex-
perimental evidence denotes the close paral-
lelism in the staining susceptibility of tissue
to PTA and the periodic acid-Schiff (PAS)
reaction (Marinozzi 1968, Pease 1966, 1968,
1970, Rambourg 1971, Rambourg et al.
1969). If this data is correct, then our PTA
staining revealed that the basal lamina
present between the junctional epithelium
and the tooth surface or the dental cuticle
contains a complex carbohydrate moiety
presumably bound to protein, i.e., a glyco-
protein. Similar substances have been found
at all cell surfaces as a cell coat, as well as
at the basement membrane, although there
may be a slight difference between them
regarding their sialic acid content (Ram-
bourg 1971, Rambourg et al. 1969).

It has been shown that 1,2-glycol groups
and alpba-amino alcohol groups, such as are
found in the glycogen and glycoproteins are
responsible for the reactions by both the
PA-silver and the PA-TSC-SP techniques
(Anderson & Personne 1970, Courtoy & Si-
mar 1974, DeMartino & Zamboni 1967,
Rambourg 1967, 1971, 1973, Rambourg &
Lebiond 1967a, b, Rambourg et al. 1969,
Swift & Saxton 1967, Thiery 1967, 1969,
Van Heyningen 1965). Accordingly then,
our data obtained from the use of these
staining techniques imply that the basal
lamina of the DEJ contains a material rich
in the glycoi groups and/or the alpha-amino
alcohol groups, whereas the dental cuticle
does not. Since intracellular glycogen does
not react to the PA-silver technique (Ram-
bourg 1971, 1973, Rambourg & Leblond
1967a, Rambourg et al. 1969), we may con-
clude that the staining of the basal lamina is
due to glycoproteins. However, glycogen
particles were diffusely scattered in the cy-
toplasm of the junctional epithelial cells, as
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demonstrated by the PA-TSC-SP staining
(Fig. 17), and this corroborated the nega-
tivity of glycogen to the PA-silver method.
Our results, therefore, with the PA-silver
technique, which does not detect glycogen,
and with the PA-TSC-SP technique on the
same specimeti blocks, strongly suggest that
glycoproteins are components of the basal
lamina and not of the dental cuticle. The
findings with these techniques were con-
sistent with our PTA staining in acidic
media and thus refuted the criticism that
has been cited against the validity of PTA
staining reactions (Glick & Scott 1970, Scott
1971, Scott & Glick 1971, Quintarelli, Ci-
fonelli & Zitto 1971, Quintarelli, Zitto &
Cifonelli 1971). However, the PA-silver and
PA-TSC-SP techniques, do not contribute
to a demonstration of acid mucopolysac-
charides (such as hyaluronic acid or chon-
droitin sulfates), which also contain 1,2-
glyco! and alpha-amino alcohol groups and
are found primarily in connective tissues.
This is possibly for the reasoti that the
intense negative electrostatic field of these
carbohydrates excludes also the negatively
charged PA ions, despite their chemical
formulae which theoretically should be po-
sitive to these techniques (Scott & Harbin-
son 1968, 1969), Consequently, the pos-
sibility that the dental cuticle contains com-
plex carbohydrates other than glycoproteins,
such as acid mucopolysaccharides, has not
been excluded by our study. Incidentally,
some proteins and lipids are also thought to
be stainable by the PA-silver and the PA-
TSC-SP techniques from their formulae.
However, such proteins do not react to
these techniques, unless PA-oxidation is
unduly prolonged (Rambourg 1971), and
lipids in sections used for electron micro-
scopy have been extracted during the tissue
preparation (Hayat 1970), even though their
retention cannot be completely excluded
(Rambourg 1971). Therefore, the positive
reactions at the DEJ for these two proce-

dures only can be interpreted as positive
responses by the basal lamina to glyco-
proteins.

The biological role of giycoproteins has
been speculated by several investigators
mainly with regard to its location at the cell
surface as a cell coat, chiefly composed of
glycoproteins. This cell coat then would 1)
control the permeability to ions (Rambourg
1971) or act in water and salt transport
mechanisms (Pease 1966), 2) provide con-
nections between cells as a cement (Culp
1974, Humphreys 1963, 1965, Margoliash
et al 1965, Martinez-Palomo 1970, Pease
1966, Rambourg 1971, Rambourg & Le-
blond 1967a), 3) play a role in cell im-
munity (Rambourg 1971, Rambourg & Le-
blond 1967a, Winzler 1970), 4) serve as a
chemical label or passport which would
promote the exit of protein from the cell
(Eylar 1966), and 5) support enzymes for
terminal hydrolytic digestion (Rambourg
1971). From the viewpoint of the adhesion
mechanism of the DEJ, the biological role
of glycoproteins as a cement is the most
interesting. If this is a correct role for gly-
coproteins, then it is strongly suggested that
the dental cuticle, by virtue of its negativity
to the glycoprotein stains, does not play the
role of a cement at the DEJ, but acts only
as an alternate tooth surface for the enamel
or afibrillar cementum.

It is of special interest that the dental
cuticle was not stained with any of the PTA
solutions, the PA-silver, or PA-TSC-SP
techniques, since we and others (Ito, Eno-
moto & Kobayashi 1967, Schroeder & List-
garten 1971) have considered the likelihood
of a basal laminal origin for the dental cu-
ticle. In this respect, the dental cuticle dif-
fered sharply from the adjacent basal lamina
in its chemical nature, i.e., it did not con-
tain a glycoprotein moiety. However, the
possibility that acid mucopolysaccharides,
as chondroitin sulfuric acid and hyaluronic
acid might be macromolecular components
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of the dental cuticle was not obviated by
these staining reactions. The intimate rela-
tionship of the dental cuticle with the junc-
tional epithelium suggests that the junc-
tional epithelium must be involved in the
fonnation of the dental cuticle (Ito et al.
1967, Schroeder & Listgarten 1971). Since
the basal lamina is always present between
the junctional epithelium and the tooth
stirfaces (or the dental cuticle) and plays a
key role in the adhesion mechanism, it must
therefore, either affect or effect the forma-
tion of the dental cuticle. What then does
this difference in the stainability to PTA,
PA-silver, and PA-TSC-SP by the basal
lamina and the dental cuticle signify? Con-
sidering the unique microenvironment, it is
conceivable that the dental cuticle is a con-
densate of the basal laminal material
(Schroeder & Listgarten 1971). However, if
this is correct, some modification of the
components must occur in the condensation
process. Biological cementing agents gener-
ally are considered to be carbohydrate-rich
materials. Therefore, if our results correctly
indicate that the dental cuticle does not
contain a carbohydrate moiety, then it
would be less likely that it functions as a
cementing stratum. Taylor (1971) measured
the microjet shearing forces required to
separate ctiltured cells from various solid
surfaces, including enamel, and concluded
that markedly stronger forces were required
for epithelial cells than for connective tissue
cells. The presence or absence of a cuticle
on the enamel appeared to make little dif-
ference in the cell adhesion. Alternatively,
the differences in the stainability of the basal
lamina and the dental cuticle are compatible
with the hypothesis that the two structures
are of different origins. The present evidence
fails to support the dental cuticle as playing
a specific role in the adhesion mechanism;
it is simply a surface of contact, as are the
enamel, afibrillar cementum and fibrillar
cementum.

At this time, the adhesion mechanism has
not been clarified, and whether or not such
a cement is necessary to promote the adhe-
sion between cells or cell and substrate, as
tooth or tissue culture vessel, is unknown.
One of the possible mechanisms of surface
adhesions is the interplay of the glyco-
proteins and the divalent cations, Ca** or
Mg++ (Culp 1974). There is also the sug-
gestion that there is a "glue" that would act
in the adhesion mechanism and which would
overcome the potential energy barrier pre-
venting surface adhesions (Weiss & Neiders
1971). On the other hand ,if cellular ad-
hesions are in the secondary minimum, as
proposed by Curtis (1964, 1973), the space
between surfaces need only be filled with
the surrounding tissue medium. In this
connection, it is important to point out that
the intercellular cement-like regions of des-
mosomes and hemidesmosomes, where the
adhesive strength between surfaces should
be enhanced, were strongly stained by the
PA-silver, the PA-TSC-SP and the PTA (in
acidic media) techniques, thus indicating
their glycoprotein-rich properties.

Bennett (1963) hypothetically regarded
basement membranes and cell coats as
identical materials that formed extracellular
polysaccbaride-rich layers which he termed
the "glycocalyx". Several electron micro-
scopic histochemical techniques have proved
that basement membranes have the same
stainabilities as cell coats except to cationic
dyes (Pease 1966, Rambourg 1971, Ram-
bourg & Leblond 1967a, b, Rambourg et al.
1969, Shea 1971). The basement membranes
do not seem to contain sialic acid, a com-
mon component of glycoprotein (Mohos &
Skoza 1970, Rambourg 1971, Ramboarg &
Leblond 1967a, Wetzel, Wetzel & Spicer
1966). Generally, the negative charge at the
cell surface is considered to be due to sialic
acid ends. This ionic difference between
the basement membranes and the cell coats
appears to differentiate the mechanism of
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the cell-to-substrate adhesion from that of
the cell-to-cell adhesion. However, there
have been substantial suggestions for the
similarity of these two adhesion mechanisms
(Culp 1974, Poste et al. 1973, Rosenberg
1960). It has also been reported from studies
of cultivated tissues on solid substrates that
the developing basement membrane-like
structure or the so-called "microexudate"
promotes cell-to-substrate adhesions, as well
as the locomotion and mitosis of cells (Culp
1974, Flaxman, Lutzner & Scott 1968, Poste
et al. 1973, Revel 1973, Rosenberg 1960,
Taylor 1970, Yaoi & Kanaseki 1972).

The structural similarity of the basal la-
mina at the dento-epithelial junction to that
present between the epithelium and the
underlying connective tissue has been men-
tioned repeatedly (Kobayashi 1968, List-
garten 1966, Schroeder 1969, Scroeder &
Listgarten 1971). In the present study, the
analogy between the basal lamina of the
DEJ and that of the epithelio-connective
tissue junction, the latter corresponding to
the basement membranes in the discussion
above, was reconfirmed from their similar
reactions to PTA, the PA-silver and the
PA-TSC-SP techniques.

As a conclusion, it can be said that atj
active participant in the adhesion mechan-
ism at the DEJ is the basal lamina, but that
the dental cuticle has a transient role and
substitutes, when present, for the tooth
surface.
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