
Dextran Penetration Through Nonkeratinized and
Keratinized Epithelia in Monkeys*

Carlos E. Nasjletif and Raul G. Caffesse^

Accepted for publication 22 August 1983

The purpose of this study was to determine if Polysaccharide dextrans would pass through
intact-nonkeratinized and induced-keratinized sulcular epithelia in monkeys. Dextran pen-
etration through normally keratinized oral gingival epithelium also was evaluated in the
same gingival specimens. Each of three Rhesus monkeys received a thorough prophylaxis l
week prior to the experiment. During this week, the monkeys also received daily IV injections
of Achromycin. After the antibiotic treatment, the teeth were polished and cleaned with a
rubber cup using prophylactic paste for 2 consecutive months, as follows: (1) the right
maxillary and mandibular teeth received daily prophylaxes on weekdays and (2) the left
maxillary and mandibular teeth received one prophylaxis weekly. These frequencies of
plaque removal on one-half of the mouth maintained clinically healthy gingiva and produced
keratinization of the sulcular epithelium. At the end of the 2-month prophylaxes, a 5%
solution of dextrans derived from Leuconostoc mesenteroides was applied topically to the
gingiva once daily for 3 consecutive weeks. During this time, the monkeys continued having
dental prophylaxes following the previous time schedule. The study showed that induced-
keratinized sulcular epithelium as well as normally keratinized oral gingival epithelium
resisted penetration of dextrans, whereas intact-nonkeratinized sulcular epithelium appar-
ently lacked a surface layer resistant to penetration.

The literature on penetration of macromolecules as
well as smaller molecules through both keratinized and
nonkeratinized sulcular epithelia is controversial. The
controversy relates to differences in the molecular
weight of the substances tested, in the species used and
in the systems used to test for penetration. Many studies
have documented penetration through the sulcular or
oral epithelia in animals1"" and humans.12 A few, have
not supported such a contention.13"15

The same discrepancy is evident when studies dealing
with dextran penetration through gingival epithelia are
evaluated. Neuman et al.16 reported that tritium-labeled
dextran, with a molecular weight of200,000 to 300,000,
penetrated the healthy gingival sulci of beagle dogs and
induced chronic gingival inflammation. Tolo and
Jonsen17 also demonstrated penetration of tritiated dex-
tran, molecular weight 70,000, through nonkeratinized
rabbit oral mucosa. Similarly, Vogel et al.18 showed
penetration of carbon-14-labeled dextran through non-
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keratinized and induced-keratinized sulcular epithelia
in human gingival specimens. Contrary to these studies,
Gaffar et al.19 did not observe penetration of strepto-
coccal dextrans per se through the epithelial surfaces of
rat gingiva. Prior treatment of these surfaces with strep-
tococcal hyaluronidase, however, allowed penetration
of the Polysaccharide, resulting in destructive changes
in the rat gingiva.

Polysaccharide dextrans are inert molecules which
pass selectively through tissue membranes by active
energy-consuming transport processes, and they are

slowly broken down by mammalian tissues.20 Bacterial
Polysaccharides are known to be present in significant
quantities in dental plaque. Ten per cent of the dry
weight ofdental plaque is composed of the extracellular
Polysaccharide dextran.2' It has also been mentioned
that dental plaque, in part, consists of a component
antigenically similar to the dextran produced by Leu-
conostoc mesenteroides22 Dextran from Leuconostoc
mesenteroides can induce local chronic inflammation
when injected subcutaneously in experimental ani-
mals.23 Dextrans have been recommended as tracer
molecules for permeability studies.24

The purpose of the present study was to determine if
Polysaccharide dextrans would pass through intact-non-
keratinized and induced-keratinized sulcular epithelia
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in monkeys. Normally keratinized oral gingival epithe-
lium was also evaluated for dextran penetration in the
same gingival specimens.

MATERIALS AND METHODS

Three healthy young adult male Rhesus monkeys
{Macaca mulatta) with full and intact dentitions were
used. They were sedated by an intramuscular injection
of ketamine hydrochloride 20 mg/kg body weight and
anesthetized with sodium pentobarbital intravenously,
50 mg/ml. Following an initial clinical examination,
all teeth were thoroughly scaled and polished 1 week
before the experiment began, in order to remove plaque
and calculus and minimize gingival inflammation. Dur-
ing this pre-experimental week, each monkey also re-
ceived a daily IV injection ofAchromycin"" (tetracycline
hydrochloride) at the maximum safe dosage of 20 mg/
kg body weight. For 2 consecutive months after this
preliminary week, the teeth were polished and cleaned
with a rubber cup using NuProw prophylactic paste,
according to the following schedule: (1) the right max-

illary and mandibular teeth received a prophylaxis on
each weekday and (2) the left maxillary and mandibular
teeth received one prophylaxis weekly (Friday). These
frequencies of plaque removal were selected based on

previous studies.25"29
At the end of this 2-month period, a 5% solution of

dextrans derived from Leuconostoc mesenteroides was

applied topically to the gingiva once daily for 3 consec-
utive weeks (except Saturday and Sunday), as follows:
(1) fluorescein isothiocyanate-dextran* in physiologic
saline solution, molecular weight (mol wt) 67,000, was

applied to the buccal gingiva of the maxillary canines,
premolars and molars, bilaterally; and (2) clinical grade
dextranf in physiologic saline solution, mol wt 70,000,
was applied to the buccal gingiva of mandibular ca-

nines, premolars and molars, also bilaterally. These
topical applications were made dropwise, with dispos-
able Pasteur pipettes, over the marginal gingiva of each
tooth. Five applications, one every 3 minutes, were
made on each gingival test site. In addition, small
aliquots of the dextran solutions were injected into the
attached gingiva of maxillary and mandibular incisor
teeth. These injections were performed in order to
obtain gingival specimens to serve as tissue controls for
the determination of the dextran solutions and were
done 1 hour before gingival biopsies were taken at the
end of the experiment. During the 3 weeks of dextran
applications, the monkeys continued having dental pro-
phylaxes following the same schedule as the previous 2
months.

Under anesthesia, gingival biopsies were taken from
the buccal areas of each of the experimental sites.
Biopsy specimens were removed by means of two ver-

tical releasing incisions and a horizontal incision con-

necting the apical ends of the vertical incisions. A third
vertical incision divided the biopsy. The gingiva was
elevated toward the coronal portion and the attachment
was dissected from the tooth surface. One-half of each
biopsy was fixed in 10% buffered formalin, embedded
in paraffin, sectioned at 6-µ intervals and stained with
one of the following: Ehrlich's acid hematoxylin and
eosin, Mallory's connective tissue stain as modified by
Ayoub and Shklar30 and Rhodamine  .31 The other
half of the biopsy specimen was fixed in 100% ethanol
to preserve water-soluble dextran, and subsequently
processed for paraffin embedment, sectioned at 6 µ,
and stained with alcoholic periodic acid Schiff (PAS)
and aqueous PAS to detect dextran in tissue according
to the technique of Mowry and Millican.32

For histologie evaluation, four zones were consid-
ered: Zones A,  and C representing the eresiai, middle
and cervical thirds of the sulcular epithelium, respec-
tively; and Zone D representing the oral gingival epi-
thelium (Fig. 1). Histologie evaluation included: (1)
presence or absence of a keratinized layer on the epi-
thelial surfaces and (2) presence or absence of dextran
in the gingival tissues. For this, one microscopic field
in each zone was evaluated. This field, representing at
lOOx magnification a rectangle of 100 X 68 µ  , was

positioned so that the basal cell layer divided the field
into two segments, with the connective tissue occupying
approximately two thirds of the field and the epithelium
occupying the remaining one third. Penetration
through the junctional epithelium was also evaluated.

Forty microscopic sections were evaluated for each
of the experimental and control sites, 240 per monkey,
for a total of 720 sections. These sections were evaluated
under a Carl Zeiss binocular photo-microscope.l Tis-
sues treated with fluorescent dextran as well as Rho-
damine B-stained specimens were examined using the
same microscope and the fluorescent light attachments:
a HBO 200 mercury lamp, a BG 12 primary filter and
a 530 nm interference filter.

RESULTS

Table 1 summarizes the results. When dextran, la-
beled or unlabeled, was applied topically to intact non-
keratinized sulcular epithelium, it passed through the
epithelium into the underlying connective tissue. Dex-
tran spread deeply into connective tissue, both laterally
to the sulcular epithelium and apically to the junctional
epithelium. Dextran penetration was observed mainly
in sulcular epithelium Zone C; however, occasionally
it was also depicted in Zone B. When dextran per-
meated through nonkeratinized epithelium, it induced
widening of the epithelial intercellular spaces and vac-
uolation of the underlying connective tissue. Figure 2
illustrates normal gingival tissue of the monkey, show-
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Figure I. Diagram showing the location of the four zones. A, B. C
and D. where dextran penetration was evaluated.

Table 1
Degrees ofDextran Penetration in Gingival Epithelia

Zone Keratinized* Non-keratinized*
A

c
JEt
D

0
+

++
+++

0
* 0 = no penetration, + = minimal penetration. ++ = slight

penetration. +++ = moderate penetration,
t JE = Junctional epithelium.
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ing both nonkeratinized sulcular and keratinized oral
gingival epithelia. and Figure 3 demonstrates fluores-
cent-dextran within epithelial and connective tissues.

When dextran was applied to induced-keratinized
sulcular epithelium as well as to normally keratinized
oral gingival epithelium (Fig. 4), it failed to penetrate
and remained on the outer surface of the keratinized
epithelia (Figs. 5 and 6). It showed minimal penetration.

Figure 2. Normal gingival tissue ofRhesus monkey. Keratinized oral
gingival epithelium, as demonstrated by fluorescent stain, slopped at
the gingival margin (Rhodamine  slain, original magnification X
100).

Figure 3. Topically applied fluorescenl-dextran penetrated through nonkeratinized sulcular epithelium into the underlying connective tissue
(Mal/ory's stain, original magnification x 250).
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Figure 4. Induced-keralinized sulcular epithelium as demonstrated
by fluorescent microscopy. Thick keratin band covered sulcular epi-
thelium (Rhodamine  stain original magnification x 100).

however, at the bottom of the sulcus, through the
junctional epithelium. Also, in areas of lacerated or

injured keratinized epithelium, it was possible to see
dextran penetration (Fig. 7). Gingival tissues injected
with solutions of dextran clearly showed its presence
within epithelial (Fig. 8) and connective tissues (Fig. 9).

DISCUSSION
The Polysaccharide dextran, as used in the present

study, had the ability to penetrate intact-nonkeratinized
sulcular epithelium, widening the epithelial intercellu-
lar spaces and vacuolizing the underlying connective
tissues. However, dextran penetrated neither the in-
duced-keratinized sulcular epithelium nor the normally
keratinized oral gingival epithelium. Minimal dextran
penetration was observed at the bottom of the sulcus,
or when the sulcular epithelium was not completely
keratinized, or when keratinized epithelia was injured
on its outer surface.

The widening of the epithelial intercellular spaces
was similar to that reported previously following topical

application of the enzyme hyaluronidase to intact-non-
keratinized sulcular epithelium in monkeys." Accord-
ing to McDougall.4 such a widening of the intercellular
spaces seemed to be a general and early response to the
presence of noxious substances. Thilander3334 reported
that the intercellular spaces of the human sulcular
epithelium widened after topical application of a sub-
ject's own leukocyte homogenate. Freeman et al.35 de-
scribed relatively large intercellular spaces as a charac-
teristic feature of chronically inflamed human sulcular
epithelia.

How dextran passed through intact-nonkeratinized
sulcular epithelium cannot be ascertained by the pres-
ent study. However, of the known possible mechanisms,
endocytosis or pinocytosis, active transport and diffu-
sion,36 the most likely is diffusion. The observations of
McDougall4 suggested that transport of noxious sub-
stances across sulcular epithelium might occur by dif-
fusion through the epithelial intercellular spaces. Ac-
cording to Tolo and Jonsen,17 macromolecular penetra-
tion through sulcular epithelium in vivo was probably
influenced by the presence of mucosal secretions, im-

Figure 5. Fluorescenl-dextran did not permeate through induced-
keralinized sulcular epithelium. Dextran band can be seen on keratin-
ized sulcular epithelial surface (Rhodamine  stain, original magni-
fication x 250).
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Figure 6. Clinical grade dextran did not penetrate normally keratin-
ized oral gingival epithelium (PAS. Schiffs stain, original magnifica-
tion  250).

mune reactions and the activity of a relatively large
number of neutrophils, macrophages and lymphocytes.

The finding regarding dextran penetration through
nonkeratinized sulcular epithelium is consistent with
earlier work by Neuman et al.16 and Tolo and Jonsen.17
Neuman et al.16 placed dextrans on clinically healthy
gingival tissues of beagle dogs once a day for 21 days.
Dextrans were able to penetrate the sulcular epithelium,
enter the underlying connective tissue and cause
chronic inflammation. Tolo and Jonsen17 studied the
in vitro penetration of dextrans across rabbit oral mu-
cosa. They demonstrated that nonkeratinized epithe-
lium, in the course of 120 minutes, permitted penetra-
tion of dextrans with a molecular weight of approxi-
mately 70,000. They also showed that penetration of
radioactive dextrans was markedly decreased by inhi-
bition of cell glycolysis and oxidative phosphorylation,
as well as by incubation at 4°C.

In the present study the lack of Polysaccharide pen-
etration seems to have been due mainly to the increas-
ing sulcular epithelial keratinization. These results tend
to substantiate previous reports from this labora-
tory.2537 Caffesse et al.25 reported penetration of triti-
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Figure 8. Control specimen. Injected fluorescent-dextran (Mallory's
slain, original magnification x 250).
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Figure 9. Control specimen. Injected clinical grade dextran (PAS.
Schiffs slain, original magnification x 250).

ated thymidine through intact-nonkeratinized sulcular
epithelium in monkeys. However, no penetration was
observed through induced-keratinized epithelium. Kris-
toffersen et al.37 studied by transmission electron mi-
croscopy intact-nonkeratinized sulcular epithelium, in-
duced-keratinized sulcular epithelium and normally
keratinized oral gingival epithelium. The results showed
that the ultrastructural characteristics of both intact
sulcular epithelium and oral gingival epithelium were
similar to those reported by other investigators.38"40
Ultrastructural observations of induced-keratinized sul-
cular epithelium confirmed earlier histologie studies
which have shown that following rubber cup prophy-
laxes, the epithelium becomes parakeratinized or or-

thokeratinized.28-29 A number of other structural
changes were also observed, some of which suggested
that the prophylaxes given might have resulted in the
formation of a more efficient permeability barrier in
the sulcular area.

Recently, Vogel et al.18 studied the effect of intrasul-
cular brushing on sulcular permeability in humans. One
group cleaned their teeth daily, using an intrasulcular
technique, whereas the other group used an extrasul-
cular technique. After 49 days, gingival biopsies were

taken and evaluated in vitro for permeability using a

microperfusion technique. The intrasulcular group
demonstrated a significantly higher degree of sulcular
epithelial keratinization. It also showed that dextran,
used for evaluating permeability, was able to permeate
through not only nonkeratinized sulcular epithelium
but also induced-keratinized sulcular epithelium. No
relationship between the degree of sulcular epithelial
keratinization and permeability of the tissue was found.

It may be that rubber cup prophylaxes induce more
keratin than intrasulcular brushing does, and conse-

quently, that a more effective barrier to dextran pene-
tration could be obtained.28'29

In summary, induced-keratinized sulcular epithelium
as well as normally keratinized oral gingival epithelium
have been found to resist penetration of topically ap-
plied dextran in monkeys, while intact-nonkeratinized
sulcular epithelium apparently lacks a surface layer
resistant to penetration.
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Abstracts
Phenytoin-Induced Hyperplasia of the Preeruptive Stage.

Report of A Case

Royer, J. E., Hendrickson, D.  ., and Scharpf, H. O.
Oral Surg 56: 365, October, 1983

The side effects of the sodium diphenylhydantoinate (Dilantin),
which is used in the treatment of seizure disorders, are well known.
A case of a severe Dilantin-induced gingival hyperplasia. covering the
primary dentition of a 2-year-old boy with 6 to 8 mm of soft tissue
was reported. The patient was hospitalized, and general anesthesia
used. Drug therapy was changed from phénobarbital and Dilantin to
phénobarbital, Tegretol and Valproate. Electrocautery was used to

expose the labial surfaces of the teeth, and the rest of the tissue
reduced. Healing was satisfactory within 4 weeks. The modification
of the medical treatment and the tissue reduction performed led to a

successful result. Naval Regional Dental Center, Box 147. San Diego,
CA 92136 Dr. Serge Dibart

Accelerated Periodontal Disease in a Patient With
Essential Mixed Cryoglobulinemia

Woods, S. E. and Goldstein, A. R.
Oral Surg 56: 263, September, 1983

A case of a patient with Type III essential mixed cryoglobulinemia
and a history of gingival swelling and hemorrhage in conjunction
with accelerated periodontal disease was reported. In cases of cry-
oglobulinemia, there is evidence of serum proteins which have the
ability to precipitate reversibly or gel on exposure to cold and redis-
solve at higher temperatures. The clinical manifestations are mainly
purpura, occurring on the lower limbs, thighs, buttocks, abdomen,
hands and arms and symptoms which are described as Raynaud's
Phenomena. There is a strong likelihood that immune mechanisms

are responsible for periodontal destruction in response to bacterial
etiology. Upon comparing radiographs for the 32-year-old female
patient, there was very little bone loss if any between 1974 and 1979.
A significant change was found upon comparing the radiographs
between 1979 and 1981 when a generalized average alveolar bone
loss of 4.5 mm was found. A combination treatment of antibiotics
and elimination of local factors by full mouth subgingival debride-
ment, root planing and curettage was performed. Although home
care was good, the patient's periodontal condition was clearly unsta-
ble. 440 Three Mile Course, Guilford, CT 06437. Dr. Zvi Artzi

Diabetes Increases Collagenase Activity in Extracts of
Rat Gingiva and Skin

Ramamurthy, N. S. and Golub, L. M.
J Periodont Res 18: 23, January, 1983

Diabetes mellitus disturbs many metabolic and physiologic proc-
esses in host tissue particularly collagenolytic activities. The effect of
diabetes on gingival and skin collagen metabolism was demonstrated
on rats by inducing diabetes and comparing the results with nondi-
abetic controls. Either l4C-collagen fibrils or Peptide-P was used as a
substrate for detecting collagenase digestion products and succinyl-
(i.-alanyI)3-/>-nitroanilide as a substrate for measuring elastase activi-
ties. In the early stage of diabetes, the rats showed no or little
collagenase activity similar to the controls, but in the prolonged
period of diabetes, they exhibited formation of the collagenase diges-
tion products in extracts of their gingiva and skin. Diabetes increased
elastase activity only in extracts of skin. The breakdown of collagen
changes the connective tissue of a diabetic leading to impaired wound
healing and the development of unusually severe Periodontitis. De-
partment ofOral Biology and Pathology, School ofDental Medicine.
Health Sciences Center. State University ofNew York at Stony Brook,
Long Island. NY 11794. Dr. Ousana Intaralak


