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BACTERIA PLAY a major role in the etiology of the 
inflammatory gingival periodontal lesions.9 However, the 
mechanisms involved in the production of the disease are 
not clear. Enzymes, endotoxins, immune reactions, cyto­
toxic metabolic products are among the probable active 
mechanisms.20 Direct invasion of the tissue by the 
bacteria has not been found except in acute necrotizing 
ulcerative gingivitis.8 

It has been claimed that transport through sulcular 
epithelium (sulcular epithelium refers to "The epithelial 
lining of the gingival sulcus consisting of two parts: the 
oral sulcular epithelium and the junctional epithe­
lium"25) takes place in both directions, although the in­
ward route has a limited capacity when compared to 
that in the opposite direction.22 However, it has been 
shown that a topically applied foreign protein (horse­
radish peroxidase) can penetrate the nonkeratinized 
junctional epithelium of the rat, and reach the connec­
tive tissue.10 Similarly, tritium labeled albumin has been 
shown to penetrate the sulcular epithelium of the guinea 
pig. 2 1 

Schwartz et al. 1 8 showed the penetration of tritiated 
endotoxins obtained from E. coli through intact sulcular 
epithelium in dogs. This result contrasted with a previous 
report by Rizzo1 3 demonstrating that endotoxins from 
Salmonella enteriditis and Fusobacterium polymorphum 
did not diffuse through an intact sulcular epithelium in 
rabbits. Some of the reasons for this apparent contradic­
tion might be differences in molecular weight among the 
endotoxins tested, differences in species used, and that 
the systems used to test for penetration were different. 

The effect of bacterial enzymes upon the gingival 
tissues also has been considered as a probable mechanism 
in the initiation of gingival inflammation. Hyaluronidase 
has received the most attention since the first report by 
Schultz-Haudt et al. 1 6 in 1953 indicating widening of the 
intercellular spaces of the epithelium, dilated vessels, and 
vacuolation of the connective tissue after application of 
the enzyme. Smith and Ramfjord19 demonstrated a 
significantly higher inflammatory index at the base of the 
gingival sulcus following a long term application of 

hyaluronidase, with no significant variation at the apical 
level of the junctional epithelium. However, no difference 
could be found in gingival sulcus depth, length of 
junctional epithelium or loss of connective tissue support. 
Murphy and Stallard11 demonstrated the potential of this 
enzyme to penetrate a gingival sulcus with the help of a 
2% solution of trypan blue dye. Hyaluronidase can be 
produced by constituents of the dental plaque12' 1 5 , 1 7 and 
it can degrade hyaluronic acid which constitutes a 
principal component of the intercellular cementing sub­
stance of the epithelium, and of the connective tissue 
ground substance. 

Also produced in the dental plaque is the enzyme col-
lagenase which is capable of hydrolyzing native collagen. 
Bacteroides melaninogenicus may be mainly responsible 
for its production.5 However, both hyaluronidase and 
collagenase may originate from within the tissues1"7- 2 3 

and to our knowledge no study has shown the capacity 
for penetration of these enzymes in gingival tissues. 

The purpose of the present study was to investigate 
possible penetration of tritium-labeled hyaluronidase and 
collagenase through intact sulcular epithelium of the 
marmoset by means of standard histologic and radioau-
tographic techniques. 

MATERIAL AND METHODS 

Five white lip marmosets (Saguinus negricollis) with 
complete dentitions, average weight 500 gm, imported 
from Colombia, were used in this study. All teeth were 
thoroughly scaled and polished 1 week prior to the 
experimental day in order to remove plaque and calculus 
and to minimize gingival inflammation. 

Bovine testicular hyaluronidase type I, with approxi­
mate activity of 300 NF units/mg, and collagenase from 
Clostridium hystolyticum fraction "A", type 1, with 
approximate activity of 200 units/mg, were obtained 
from Sigma Chemicals Co., St. Louis, Mo. These 
enzymes were custom tritiated by the tritium (H3) gas 
exposure method of Wilzbach24 and subsequently puri­
fied, by Amersham/Searle Co., Arlington Heights, 111. 
Immediately prior to the experiment, two aliquots of 10.3 
mg of powdered tritiated hyaluronidase and one aliquot 
of 6.5 mg of powdered tritiated collagenase were dis­
solved each in 5 ml of bacteriostatic sodium chloride 
U.S.P., and stirred for 1 hour at room temperature. The 
concentration of the tritiated hyaluronidase was 2.06 
mg/ml (radioactivity 5.9 millicuries/ml), and that of the 
tritiated collagenase was 1.3 mg/ml (radioactivity 4.8 
millicuries/ml). Of the two labeled hyaluronidase ali­
quots, one was heat inactivated.14 In addition, a pure 
nonlabeled sample of hyaluronidase was dissolved as 
previously indicated and was available for the experi­
ment. The pH of these enzyme solutions was 5.5. 

For the experiment, each marmoset was injected with 1 
mg of Sernylan (phencyclidine hydrochloride).! The 
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mouth was held open, the teeth isolated and the head 
positioned in such a way that the experimental area was 
kept free from saliva. No gingival inflammation could be 
observed at that time, which also was corroborated 
histologically from the control quadrants. 

The experimental solutions were applied to the crown 
of the teeth by a Pasteur disposable pipette and allowed 
to flow into the sulcular area both buccally and lingually. 
Eight drops were administered over a 4-minute period (1 
drop every 30 seconds). After waiting for 5 minutes, eight 
more drops were applied over 4 minutes. These sequences 
of applications were chosen after a pilot study with 
tritiated hyaluronidase and tritiated collagenase applied 
to Sprague-Dawley rats with times of 1, 5 and 15 
minutes. 

Incisors, bicuspids and molars were included as experi­
mental quadrants of each marmoset. One quadrant from 
each marmoset served as control. The remaining three 
quadrants for each monkey (total of 15 quadrants) 
received random application of one of the following 
solutions: 

a) tritiated hyaluronidase 
b) tritiated collagenase 
c) unlabeled hyaluronidase followed by tritiated colla­

genase 
d) inactivated tritiated hyaluronidase or 
e) normal saline 
Care was taken to avoid cross-over of the different 

FIGURE 1. Rat specimen. Junctional epithelium area, after 
application of tritiated hyaluronidase. Labeling spread through 
the bottom of the junctional epithelium into the connective 
tissue. Keratin acting as a barrier for penetration. (H & E. 
Original magnification x 125.) 

FIGURE 2. Rat specimen. Labeled collagenase has penetrated only superficially into the tissues at the bottom of the junctional 
epithelium. (H & E. Original magnification x 125.) 
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solutions at the midline. One minute after completion of 
the application the gingival area was washed with normal 
saline to remove remaining enzymes. Immediately there­
after, the marmosets were sacrificed. 

After dissection the jaws were placed in 10% formalin 
for fixation, decalcified in 20% ethylenediamine tetra-
acetic acid adjusted to a pH of 7.4 with NaOH, em­
bedded in paraffin, sectioned every 6 to 7 fx serially, 
mounted and processed for radioautography and for 
histologic evaluation. Radiographs were obtained apply­
ing Kodak's nuclear track emulsion (type NTB-3) and 
exposing the slides for 2 weeks. Afterwards they were 
developed in Kodak's D19 solution for 5 minutes, fixed 
and washed for half an hour, mounted in Permount and 
stained with Ehrlich's hematoxylin. Histologic slides 
also were stained with hematoxylin and eosin and Mal-
lory connective tissue stains. 

Radioautographs and histologic sections were evalu­
ated on a blind basis. 

RESULTS 

The pilot study performed in rats showed that gingival 
keratinization acted as a definite barrier to penetration 
of both enzymes. However, tritiated hyaluronidase pene­
trated at the bottom of the gingival sulcus through the 
junctional epithelium. Labeling was observed between 
the epithelial cells and in the intercellular substance of 
the underlying connective tissue (Fig. 1). When tritiated 
collagenase was applied using the same time exposure, 
the penetration of the labeled enzyme at the bottom of 

the sulcus and through the junctional epithelium, was 
minimal and superficial (Fig. 2). 

The findings in the experimental marmosets were: 
Control Specimens. The cervical third of the gingival 

sulcus is covered by a keratinized squamous epithelium, 
as an extension of the oral epithelium. The apical 
two-thirds are covered by a nonkeratinized squamous 
epithelium. The junctional epithelium is located at the 
cemento-enamel junction. Very few scattered inflamma­
tory cells are seen underneath the sulcular epithelium 
(Fig. 3). 

H3 Hyaluronidase. Radioautographs show very exten­
sive labeling extending throughout the nonkeratinized 
sulcular epithelium and into the underlying connective 
tissue (Fig. 4). The spread of labeled material is more 
pronounced through the oral sulcular epithelium than at 
the bottom of the junctional epithelium. Histologic 
sections (Fig. 5) show widening of the intercellular spaces 
of the epithelium and separation of the connective tissue 
elements with formation of vacuoles. 

Inactivated H3 Hyaluronidase. Radioautographs show 
very minimal labeling within the tissues. There is accu­
mulation of radioactive material in the gingival sulcus 
(Fig. 6). Histologic sections show minor changes involv­
ing only the superficial layers of the oral sulcular 
epithelium manifested as spongiosis and widening of 
intercellular spaces (Fig. 7). 

H3 Collagenase. Radioautographs show shallow and 

FIGURE 3. Marmoset specimen. Gingival sulcus of a control 
area. The bottom of the junctional epithelium is at the 
cemento-enamel junction. The underlying dense connective 
tissues show only a few scattered inflammatory cells. (H & E. 
Original magnification x 125.) 

FIGURE 4. Marmoset specimen. Sulcular tissues after applica­
tion of tritiated hyaluronidase. Labeling spread laterally to the 
oral sulcular epithelium deeply into the connective tissue. (H & 
E. Original magnification x 125.) 
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FIGURE 5. Marmoset specimen. Gingival sulcus after applica­
tion of tritiated hyaluronidase. Widening of intercellular 
spaces. (H & E. Original magnification x 250.) 

minimal penetration of the labeled material into the 
sulcular epithelum and involving mainly the superficial 
layers of the oral sulcular epithelium (Fig. 8). 

Histologic sections fail to show any significant changes 
in either the epithelium or the connective tissue (Fig. 9). 

Unlabeled Hyaluronidase plus H3 Collagenase. When 
both enzymes are applied together (in this sequence), 
radioautographs show labeling, indicating collagenase 
spreading deeply into the connective tissue both laterally 
to the sulcular epithelium and apically to the junctional 
epithelium (Fig. 10). It is even possible to follow the 
spread of the labeling as a wedge deep between the 
connective tissue fibers (Fig. 11). 

Histologic sections show edema in the connective 
tissue with disruption and separation of the collagen 
bundles. 

Saline Application. No change can be seen in these 
specimens to differentiate them from those of the control 
areas. 

DISCUSSION 

Hyaluronidase applied to the gingival sulcus seems to 
act as a "spreading factor" opening the intercellular 
spaces and altering the ground substance as it reaches the 
connective tissue. The radioautographs also indicate 
penetration of the hyaluronidase. 

Collagenase apparently could penetrate deeply only 
when the entry had been prepared by hyaluronidase. 
Under such circumstances the enzyme will spread follow­
ing the direction of the collagen fibers which might be 
disorganized and lysed. Otherwise, if hyaluronidase does 

FIGURE 6. Marmoset specimen. Inactive hyaluronidase. Heavy accumulation of labeled material in the sulcus but minimal 
penetration within the tissue. (H & E. Original magnification x 250.) 
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FIGURE 7. Marmoset specimen. Inactive hyaluronidase. Mini­
mal changes in the superficial layer of the oral sulcular 
epithelium with widening of the intercellular spaces and 
spongiosis. {H & E. Original magnification x 125.) 

FIGURE 8. Marmoset specimen. Sulcular tissues. H3 collagen­
ase application. Minimal labeling within the tissue indicates the 
superficial penetration of the enzyme. (H & E. Original 
magnification x 125.) 

not prepare the way for the collagenase penetration, the 
spread will be very shallow limited to the surface layers 
of the epithelial tissues. 

However, a definite drawback of the employed tech­
nique should be considered. The highly soluble enzymes 
used in this study resulted in considerable contamination 
of labeled material. The tissue manipulation and solvents 
used in routine radioautography unquestionably will 
induce some unpredictable spread of labeling. 

FIGURE 9. Marmoset specimen. Sulcular tissues after H3 

collagenase application. No significant change is seen either in 
epithelium or connective tissue. (H & E. Original magnification 
x 250.) 

Nevertheless, it was possible to determine gross pene­
tration or lack of penetration of the enzymes. It also was 
possible to follow the pathways in those cases where 
penetration occurred. 

It should be understood that the labeling was used only 
as a tracing material for enzymatic penetration, rather 
than indicating metabolic bond to cellular structures. In 
other words, the enzymes in this study were located 
extracellularly in the epithelial or connective tissues. 

It is not known for sure whether bacterial enzymes are 
essential or if they even have some function in gingival 
inflammation since proof of their role in the pathogenesis 
of the disease is still lacking.20 It has been demonstrated 
clearly that hyaluronidase affecting the gingival struc­
tures can be of both bacterial and tissue origin.6' 7 ' 2 3 

Nevertheless, bacterial hyaluronidase may be most im­
portant at the initial steps of the gingival lesion. The 
same may not be true for collagenase. Even if constitu­
ents of the dental plaque have the ability to produce 
collagenase, it appears that most of the enzyme affecting 
the connective tissue may be produced by the gingival 
tissues themselves.1-4 

In this report the potential for penetration of these 
enzymes has been demonstrated. The pathways of spread 
and their possible sequences have been followed. In the 
nonkeratinized sulcular epithelium, enzymes seem to 
spread laterally more than apically. This agrees with 
histological findings in early gingivitis; the inflammatory 
process is mainly localized underneath the oral sulcular 
epithelium. 

The lack of deep labeling in the areas treated with 
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FIGURE 10. Marmoset specimen. Tissues after the application of unlabeled hyaluronidase followed by tritiated collagenase. Labeling 
(from collagenase) is seen deep in the tissues both laterally to the oral sulcular epithelium and apically to the junctional epithelium. (H 
& E. Original magnification x 125.) 

FIGURE 11. Marmoset specimen. Higher magnification of the lower right corner of Figure 10. Supracrestal tissues after the 
application of unlabeled hyaluronidase followed by tritiated collagenase. Labeling is seen deeply in the connective tissues wedging 
between connective tissue fibers. (H & E. Original magnification x 250.) 



397 Enzymatic Penetration 
Volume 47 
Number 7 

inactivated tritiated hyaluronidase is an indication that 
the enzyme did not penetrate into the tissues. 

However, a few aspects as for example, the degree of 
inactivation needed to prevent the penetration of the 
enzyme into the tissues, and the influence of pH varia­
tions on the degree of penetration require further study. 
The role of hyaluronidase seems to be very significant in 
the pathogenesis of periodontal disease since it may 
prepare the tissues for the action of other enzymes. It 
may be that hyaluronidase can be inactivated in the 
sulcus, thus preventing its effect upon the gingival tissues. 

SUMMARY AND CONCLUSIONS 

To explore possible enzymatic penetration through 
intact sulcular epithelium, tritium labeled hyaluronidase 
and collagenase were applied to the gingival sulcus of five 
white lip marmosets. One quadrant per monkey re­
mained untreated. Each remaining quadrant was ran­
domly assigned to one of the following modalities of ap­
plication: (a) tritiated hyaluronidase, (b) tritiated colla­
genase, (c) unlabeled hyaluronidase followed by tritiated 
collagenase, (d) inactivated tritiated hyaluronidase, or 
(e) normal saline as experimental controls. The enzymes 
were applied by means of a Pasteur disposable pipette. 
Eight drops were administered over a 4-minute period, 
one every 30 seconds. After a 5-minute waiting period a 
second series of eight applications was given over a 
4-minute period. Radioautographic and standard histo­
logic materials were obtained. Results suggest that: 

1. Hyaluronidase has the ability to penetrate through 
intact nonkeratinized sulcular epithelium, widening the 
intercellular epithelial spaces and disorganizing the con­
nective tissue ground substance. 

2. Collagenase per se does not have the ability to 
penetrate through the intact sulcular epithelium. Its 
effect remains confined only to the superficial layers of 
the epithelium. 

3. However, when collagenase application is preceded 
by hyaluronidase, collagenase spreads easily through the 
epithelium and deeply into the connective tissue. Hyalu­
ronidase acts unquestionably as a spreading factor. 
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