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Ultrastruetural cytochemistry of oxytalan fibers in the
periodontal ligament and microfibrils in the aorta with
t h e periodic acid-thiocarbohydrazide-silver proteinate
method
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Fullmer's oxytalan fibers are special connective tissue fibers in periodontal liga-
ments and some non-dental sites of certain animal species, and, ultrastructurally
appear to resemble microfibrils reUited to clastogenesis. The present study has
ultrastructurally examined the applicability of Thiety's periodic aeid-thiocarbo-
hydrazide-silver proteinate (PA-TCH-SP) method for vicinal glycol-coiUaining
complex carbohydrates to the study of oxytalan fibers in rat periodontal ligaments
and microfibrils of the tunica cidventitia in the rat aorta, where microfibrils are often
associated with amorphous elastin and are thought to be oxytalan fibers. In the
periodontal ligaments, the PA-TCH-SP method weakly to moderately stained col-
lagen fibrils, moderately stained thin fibrils composing the oxytalan fibers, and
intensely stained cytoplasmie granules of fibroblasts. In the aortie adventitia, the
PA-TCH-SP method moderately stained collagen fibrils. Heavier staining was ob-
served in microfibrils, whereas the amorphous elastin laeked staining. The most
intense staining was seen in eytoplasmic granules and glycogen of mural cells. These
studies demonstrate that oxytalan fibers in the periodontal ligament of rats and
microfibrils in the aorta of rats contain vicinal glycol-eontainiiig glyeoproteins and
the PA-TCH-SP method is a u.seful tool in ultrastruetural studies of oxytalan fibers
and microfibrils of rats.
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Oxytalan fibers are special eonneetive tissue
fibers, localized in periodontal ligaments of
man, monkey, mice, rats, and guinea pigs and
in some non-dental sites such as ligaments,
tendons, adventitia of blood vessels, con-
nective tissue sheaths around hair follicles and
in the epineurium and perineuriutn (1-4), der-
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mis (5), eotnea (6), and pineal gland (7). Ul-
trastrueturally, oxytalan fillers appear to re-
semble mierofibrils, which are involved in
elastogenesis (8-10). However, very little is
known about the composition of oxytalan fi-
bers (4), as bioehemical and speeifie ultra-
struetural eytoehetnieal studies of oxytalan fi-
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bers in periodontal ligaments have not been
successfully performed.

Thiery's (11) periodic acid-thiocarbo-
hydrazide-silver proteinate (PA-TCH-SP)
method, specific for vicinal glycol-containing
complex carbohydrates, has been employed
to distinguish tbe PA-TCH-SP reactive micro-
fibrils from the unreactive amorphous clastin
in the elastic cartilage and the perichondrium
of rabbit auricles (12). However, this method
has not been utilized in studies of oxytalan
fibers in the periodontal ligaments and inicro-
fibrils, presumed to be oxytalan libers (10), in
aortic tunica adventitia.

The present study has examined the ap-
plicability of the PA-TCH-SP method (11) to
studies of the oxytalan fibers and demon-
strates that the PA-TCH-SP method can be
used for ultrastructural localization of vicinal
glycol-containing complex carbohydrates in
oxytal fibers.

Material and methods

From Sprague-Dawley rats, weighing about
150-200 g each, the upper incisors, including
periodontal ligaments and a part of alveolar
bones, and the descending thoracic aortas
were removed under anesthesia. The speci-

mens were fixed in 2.7% glutaraldehyde, 0.1
M cacodylate buffer, pH 7.4 for 3 h (teeth and
periodontal tissues), or 2 h (aortas) at 4°C.
Teeth and periodontal tissues were then demi-
neralized for 2 weeks at 4°C in 10%
etylenediaminetetraacetic acid (EDTA) in 0.1
M cacodylate buffer, pH 7.4, with constant
agitation, whereas aorta specimens were not
incubated in EDTA solution. The specimens
with and without EDTA demineralization
were sliced transversely into 1 mm thiek sec-
tions and thoroughly rinsed in 0.1 M cacodyl-
ate (pH 7.4) containing 7% sucrose. Subse-
quently, the tissues were processed for mor-
phology (n = 5 rats) and PA-TCH-SP staining
(n = 5 rats) as outlined below. Periodontal
tissues located at the lingual surface of the
tooth were examined.

Routine morphology

Some specimens were post-fixed for 1 h in 1%
OsO.(, others wete not. All specimens were
routinely dehydrated in graded alcohols and
propbylcne oxide and embedded in Spurr (13)
low-viscosity medium. Thin sections were ei-
ther unstained or stained with uranyl acetate
and lead citrate for election microscopy. All
specimens were viewed in a Hitachi H-500 or
Philips 300 electron microscope.

Fig. I. A transverse section of an oxytalan fiber in the periodontal ligament is cotnposed of bundles of thin
fibrils (arrows) between collagen fibrils (Co) and fibroblasts (F). Unosmicated specimen, counterstained
with uranyl acetate and lead citrate. Oxytalan fibers have a similar appearance in osmicated specimens with
the counterstaining (x3l,25()).

Fig. 2. A longitudinal section of collagen fibrils (Co) and fine fibril containing oxytalan fibers (large arrows)
arc illustrated in the periodontal ligament. Unosmieated speeimen, counterstained with uranyl acetate and
lead citrate (x31,250).

Fig. 3. Cross-sectioned oxytalan fibers (large arrows, and enlarged in inset) in the periodontal ligament are
composed of PA-TCH-SP-positive thin fibrils (arrows). PA-TCH-SP-positive collagen fibrils are transver-
selly or longitudinally oriented between fibroblasts. Fibroblast cytoplasmic granules (arrowheads), pre-
sumed to be lysosomes, demonstrate intense PA-TCH-SP staining, whereas the nueleus (N) and presumed
mitochondria (Mt) lack staining. Unosmicated specimen, not counterstained (x3],250; Inset: X62,5OO).

Fig. 4. A longitudinally sectioned oxytalan fiber in the periodontal ligament is eomprised of PA-TCH-
SP-reactive fine fibrils (arrows). Unosmicated specimen, not counterstained (x3l,250).
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PA-TCH-SP method for vicitial glycol-
conlaining cotnplex carbohydrates

The aldehyde-fixed, rinsed speeimens without
osmication were routinely dehydrated and
embedded in Spurr (13) low-viseosity me-
dium, Cytochetnical localization of periodate-
reaetive eomplex earbohydrates was aeeotn-
plished by staining thin seetions of the unos-
mieated speeimens aeeording to the PA-TCH-
SP tnethod of Thiery (11), Seetions were
mounted on stainless steel grids, oxidized in
1% periodie aeid (G, Frederiek Stnith Chemi-
eal Co., Columbus, OH) for 45 min, rinsed in
distilled water and treated for 40 tnin with 2%
thioearbohydrazide (Eastman Kodak Co.,
Roehester, NY) in 20% aeetie aeid. After
rinsing in 10% aeetie aeid and distilled water,
they were exposed for 30 tnin to 1% silver
proteinate (strong silver protein, Roboz Sur-
gical Instrument Co,, Inc, Washington,
D,C.) in the dark, and rinsed in distilled
water. As a eontrol, periodie aeid oxidation
was omitted from the sequence. All speei-
tnens were viewed in a Hitachi H-500 or Phi-
lips 300 eleetron mieroseope without uranyl
aeetate and lead eitrate counterstaining.

Results

Ultrastruetural details of oxytalan fibers in the
periodontal ligaments (4, 8, 9, 14) and elastic
fibers in the rat aorta (15-18) have been de-

Table I.
Ultrastructural distribution of vicinal glycot-con-
taitiing complex carbohydrates in rat petiodotttal
ligatnetits atid aortic adventitia^

Periodontal ligaments:
Collagen fibrils
Oxytalan fibers
Cytoplasmic granules

Adventitia:
Collagen fibrils
Microfibrils
Elastin
eytoplastnie granules

PA-TCH-SP
Staining

1-2+
3+
4+

2+
3+
0»
4+

"Staining was graded 0 (no staining), 1+ (weak stain-
ing), to 4+ (intense staining).

scribed previously. In this study we have de-
seribed only those details that would be useful
for the understanding of their ultrastruetural
eytoehemieal results.

The periodotital ligatnetits

In morphologieal pteparations, oxytalan fi-
bers were eomposed of bundles of thin fibrils
with a diameter of 10-15 ntn and were inter-
spersed atnong eollagen fibrils (Figs, 1, 2),
Collagen fibrils had a diatneter of 45-65 nm
and were loeated between fibroblasts (Figs,
1,2),

F'ig. 5. Transverse seetions of elastie fibers and eollagen fibrils in the tunica adventitia. PA-TCH-SP staining
is localized in the microfibrils (arrows) and collagen fibrils (Co), whereas amorphous elastin (E) lacks
staining. Seattered PA-TCH-SP-positivc material (arrowheads) ean be seen within the interstiees of the
unreactive amorphous elastin. Unosmieated specimen, not counterstained (x3I,250).

Fig. 6. In the tutiica advetititia, PA-TCH-SP-positive mierofibrils (arrows, and enlarged in inset) are
lotigitudinally or obliquely oriented between tnural cells and are often associated wilh the unieaetive
amorphous elastin (E). PA-TCH-SP staining is also localized in the transverse and longitudinal seetions of
collagen fibrils (Co). Intracellular PA-TCH-SP staining is observed in cytoplasmic granules (artowheads),
presumed to be lysosomes, and glyeogen (Gly) whieh demonstrates diserete partieulate staining. Unosmi-
eated specimen, not counterstained (x31,250; Inset: x62,500).
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The PA-TCH-SP method weakly to moder-
ately stained eollagen fibrils, moderately
stained thin fibrils composing oxytalan fibers,
and intensely stained cytoplasmic granules ol
fibroblasts (Figs. 3, 4, Table 1). PA-TCH-
SP-positive oxytalan fibers were not always
assoeiated with the amorphous elastin, whieh
did not stain as described below. Control
specimens without PA oxidation lacked TCH-
SP staining in these sites.

The tuniea adventitia

In morphological preparations, microfibrils
with a diameter of 10-15 nm were often asso-
ciated with amorphous elastin and were ob-
served between eollagen fibrils. Collagen
fibrils with a diameter of 60-100 nin were
more abundant between mural cells than
those in the periodontal ligaments.

The PA-TCH-SP method moderately
stained collagen fibrils (Figs. 5, 6, Table 1).
Heavier staining was observed in microfibrils,
which were often associated with the unreac-
tive amorphous elastin (Figs. 5, 6, Table 1).
Scattered librillar PA-TCH-SP-positive mate-
rial presumed to be microfibrils was fre-
quently localized within the interstices of the
unreactive amorphous elastin (Fig. 5). The
most intense staining was seen in cytoplasmic
granules and glycogen of mural cells (Fig. 6)
Control specimens without PA oxidation
lacked TCFl-SP staining in these sites.

Discussion

This study demonstrates the applicability of
the PA-TCH-SP method (11) in ultrastruc-
tural studies of oxytalan fibers in the perio-
dontal ligaments and mierofibrils in the tuniea
adventitia of rats. The PA-TCH-SP method
stains vicinal glycols in hcxoses of glycogen
and intra- and extra-cellular glyeoproteins
(11, 19, 20). PA-TCH-SP reactivity of oxy-

talan libers and microfibrils in tbe extracellu-
lar matrix indicates that they both contain
glycoproteins. Clycogen, normally seen in the
intraccllular sites, demonstrates discrete par-
ticulate PA-TCl-I-SP staining that is stronger
than oxytalan libers and microfibrils. The ob-
servation of PA-TCH-SP staining of miero-
fibrils in the adventitia is consistent with pre-
vious ultrastructural cytocheinical of immuno-
cytochemical studies demonstrating the
presence of glycoproteins in aortic micro-
fibrils (10,21), elastic cartilage perichondrium
(12), and other tissue sites (22). The results
corroborate previous biochemical studies (23—
27) identifying glycoproteins associated with
elastic tissue microfibrils. However, to our
knowledge, no one has ultrastructurally or
biochemically localized glyeoproteins in oxy-
talan fibers in the periodontal ligaments. The
present ultrastructural cytocheinical study is
the fitst whieh depiets the localization of vici-
nal glycol-containing glycoproteins in oxy-
talan libers in periodontal ligaments of rats.

The morphology, size, and PA-TCFI-SP
staining properties of oxytalan fibers were
very similar to those of microfibrils. This ob-
servation is in agreement with the previous
ultrastructural cytochemical studies examin-
ing rat and cultured calf aortic microfibrils,
suggesting the striking similarities between
microfibrils and oxytalan fibers (10). Flow-
ever, PA-TCH-SP-reactive oxytalan fibers in
the periodontal ligaments were not always as-
sociated with the unreaetive amorphous elas-
tin, whereas intimate topographical associa-
tion of the reactive microfibrils and the
unreaetive elastin was observed in the tunica
advetUitia. This observation suggests that oxy-
talan fibers may represent specialized or func-
tionally different mierofibrils whieh fail to
produce or transform into the amorphous
elastin and consequently do not participate in
elastogenesis in this site.

The PA-TCH-SP staining of collagen fibrils
and cytoplasmic granules presumed to be
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lysosomes may represent localization of vici-
nal glycol-containing glyeoproteins, which
h a v e been biochemically identified in collagen
fibrils (28) as well as in lysosomes (29).
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