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INTRODUCTION

It is now fairly generally accepted lhat bacterial action is the
precipitating factor in the occurrence of periodontal disease. A
hacteriologically favourable environment is provided through the
accumulation of hard and soft deposits (4, 5, 23). That tissue
irritant substances are produced in these hacteria-rich deposils
on the teeth and gingiva has been established by a number of
workers (1, 3, 7, 11, 12, 13). In a series of studies it has likewise
been shown thal oral bacteria possess the ability to form enzymes
that can aet as catalysts in the hydrolysis of various siructures
in the underlying connective tissue (6, 14, 16, 17, 18). To pene-
trate to the periodontal connective lissue these tissue-destroying
substances must, however, pass the barrier presented by the perio-
dontal epithelinm. It has been demonstrated (21) thalt such a
penetration takes place and that it occurs both in the border zone
between the pocket epithelium and the dental hard tissues and
through the intercellular spaces of the pocket epithelium. This
process may be promoted by a number of factors, one of which is
the uction of various bacterial enzymes on the structure ot the
cpithelium. It has been shown (13) that hyaluronidase, applied
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locally in the gingival pocket, causes a widening of the intercel-
lular spaces of the epithelium.

The leukoceytes contain a large variety of enzymes (19), includ-
ing proteases, amylases, peroxidases and lipases. Leukocytes are
common in the pocket epithelium and the gingival pocket in both
clinicatly healthy and inflamed gingiva (9, 23). In the latter case
the gingival pocket contains such large quantities of granulocytes
that the pocket epithelium is separated from the plaque by large
aggregations of these cells, many of which are in a state of necro-
sis (23). It is therefore of major interest from the aspect of Lhe
pathogenesis to understand the action of these enzymes on the
structure of the pocket epithelium.

For that reason a study was performed to examine this aclion
in man. The effect of hyaluronidase, the ”spreading factor”, both
separately and in combination with the other enzymes mentioned
was also explored.

METHODS

The study was performed on 12 healthy subjects (7 males and
5 females) with ages ranging from 21 to 25 years. In all 12 sub-
jects, gingiva in the anterior segment of the lower jaw was clini-
sally healthy.

Twenly millilitres of blood were drawn from each subject and
spiral centrifuged to give a leukocyte fraction of 1.3 ml. Of this,
0.1 ml was used for leukocyte counts. The remainder was cooled
with ice and submitted to supersonic treatment for 10 minutes in
an MSE supersonic desintegrator, Model 60, to fragment the cells.

For each subject the following 4 tubes were prepared,

Tube 1. 0.5 ml of own leukocyte homogenate -+ 0.5 ml physio-
logic saline.
Tube 2. One millilitre of hyaluronidase solution (Hyalas, Leo).
Tube 3. 0.0 ml own leukocyte homogenate - 0.5 ml hyaluro-
nidase solution.
Tube 4. One millilitre physiologic saline, to serve as a control.
The concentration of the leukocyte homogenates in tubes 1 and
3 varied for the different subjects and ranged from 3.8 to 34.2¢
105 leukoeytes per ml. The hyaluronidase concentration was 200
L.U. per ml.
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Fig. 1. Diagram showing the localization and size of the excised marginal
part of the gingiva.

The experiments were performed on the four gingival front
regions in the mandible (from the left to the right second incisor).
The region to which the respective solutions should be applied for
each patient was decided by random drawing.

The solutions were applied in the following manner: The area
of the gingiva in question was dried by an air blast and the pocket
was dried carefully with filter paper. A dry field was maintained
throughoul the experiment by means of a saliva ejector and cot-
ton rolls. One drop of the solution was applied with a fine glass
pipette on the facial aspect of the gingival pocket and on the
border of the free gingiva. Care was taken not to traumatize the
epithelium. This procedure was repeated every 5 minutes, the
pocket being carefully dried between applications of solution. The
experiment covered 60 minutes.

Immediately after this period, the marginal part of the gingiva
was excised without anesthesia (Fig. 1). The tissue specimen was
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divided in the middle (corresponding to the mesial and distal part
in situ) for examination by light and electron microscopy. For
the miecroscopic examination the upper part of the pocket epi-
thelium was chosen since for obvicus reasons only a narrow zone
of gingival tissue could be excised.

The specimens for light microscopy were fixed for 24 hours in
a solution consisting of one part of 40 per cent formalin and 3
parts of 95 per cent ethyl aleohol. After embedding in paraffin
wuax and sectioning by standard procedures, the sections were
stained by the following methods: haemalum and eosin (Mayer),
picrofuchsin (van Gieson), loluidin blue (0.1 per cenl solution in
30 per cent ethyl aleohol), PAS (McManus), Astrablau (2) and
mercurie chloride-bromphenol blue (8).

The speciimens for electron microscopy were fixed for 1%4—-2
hours in one per cent solution of osmium tetroxide buffered with
veronal (10) and, after dehydration, embedded in a mixture of
metyl and butyl methacrylate (1: 9). Polymerization was carried
out at 45° C. The seclioning was performed with a glass knife in
an LKB ultrotome. An RCA EMU-2B eleciron microscope was
used.

RESULTS

To simplify the description of the results the following notation
will be used.

C-, L-, H- and LH-sections denote sections from the regions
where the respective physiologic saline, leukoeyte homogenate,
hyaluronidase solution and leukocyte homogenate 4 hyaluroni-
dase solution were applied.

Light micrescope examination

Although the gingiva of the regions studied was clinically
healthy certain cases displayed definite signs of an inflammatory

Fig. 2. The width and appearance of the intercellular spaces in the different

cections. a) C-section, by L.seclion, ¢) H-section, d) LH-section. The intercel-

lular spaces in the L-, H- and LH-sections are wider than in the C-section.

In this LH-section the boundary between intercellular spaces and eells is
diffuse. Mayer’s haemalum-ecosin,
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reaction in the connective tissue, but these regions were uniformly
distributed among the various treated tissues.

The intercellular spaces in the L-, H~- and LH-sections were
consistently wider than in the C-sections, The L- and H-sections
displayed no difference in this respect, but compared with these
two groups the intercellular spaces in the LH-sections were usu-
ally wider; in a few of these specimens, the houndary between
intercellular spaces and cells was diffuse in small well-defined
areas. The width and appearance of the intercellular spaces are
illustrated in Fig. 2.

In all the PAS stained sections there was a weak positive reac-
tion in the intercellular spaces. In the exireme marginal puart of
the pockel epithelium the cytoplasm exhibited an intense positive
reaction, in several of the spectinens in the surface layer and
sometimes also in the stratum spinosun. This reaction was, how-
ever, considered to be associated with the presence of inflamma-
tion in the conneclive tissue rather than with variations in the
experimental treatment of the tissue. No distinet difference he-
tween the G-, 1., H- and LH-sections stained with PAS was
evidenl with respect to positive reactions.

Staining of the epithelinum with Astrablau, to demonstrate acid
mucopolysaccharides, was so weak that it was impossible to dis-
cern any differences hbeiween the sections as regards intensity or
site of staining.

The mercurie chloride-bromphenol blue reaction for protein
produced a more intense staining in the superficial than in the
deeper layers of the epilhelium. The peripheral cytoplasin of the
cells was stained more intensely than their central regions. The
only difference that could be discerned hetween the four groups
was an often weaker staining intercellularly in the LH-sections,
but the difference was nol great.

Electron microscope examination

In the region used for the uitrastructural examination (Fig. 3),
the stratum spinosum was chosen for comparison between the
differently treated areas, for earlier electron microscope studies
of the oral mucosa have shown that the epithelial cells in the
oulermost layer are often slightly separated from one another.
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This has been ascribed to, for instance, an incipient physiologic
desquamation and/or a continuous effect of the enzymes in the
saliva (20).

In order to elucidate the structural differences observed within
the stratum spinosum of the pocket epithelium on the enzyme-
treated tissue, a short description of the morphology of the region
will be given as seen in the C-sections (Figs. 4—6). Here the epi-

Fig. 3. The framed arca illustrates the region used for the electron
microscopic examination.

thelial cells were usually irregular in shape and numerous cyto-
plasmic processes in the form of fine microvilli gave the cell
periphery an uneven appearance. These projections of adjacent
cells often interlaced, with the resull that the intercellular space
was narrow and followed an often complex and tortuous course.
Desmosomes were extremely numerous and appeared as electron-
dense formations with a fairly regular distribution around the
cells. The two opposing cell membranes in a desmosome were
thickened and strongly osmiophilic, and in the space belween
them a fine granular, sometimes lamellar, intercelluluar substance
was observed (Fig. 6). The cytoplasm contained numerous osmio-
philic fibrils (tonofibrils), the finer elements — the tonofilaments
— of which seemed to be intimately connected with the attach-
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Fig. 1. Non-cnzyme-treated tissue (C-section), Epithelial cells {n the stratum

spinosum in a low magnification. The eells ave irvegulay in shape and nu-
metous eytoplasmie processes give the celt periphery an uneven appearance.
The intercellular space is narrow and follows a complex and tortuous course.
The desmosomes are numerous with a fairly regular distribution around the
cells. The cytoplasm contains numerous osmiophilic fibrils (tonofibrils).

ment plaques of the desmosomes. In the other parts of the inter-
cellular space there were dispersed regions with a finely granu-
lated substance of low eleetron density; no other signs of sub-
stance were observed.
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Fig. 6. Non-enzyme-treated tissue (C-section). A high magnification of an

interccllular region. Cytoplasmic processes in the form of fine microvilli.

The figure illustrales the structure of the desmosomes. The tonofilaments

(arrow) scem to be intimately connected with the attachment plaques of the
desmosomes.
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Fig. 7. Tissue treated with the intraccllular enzymes of the leukocytes

(L-section). Wide intercellular spaces, The desmosomes are connected with
the respective eells by narrow eytoplasmic proceesses. In this tigure there are

fewer desmosomes than in Fig. 5.
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Fig. 8. Tissuc treated with hyaluronidase. Wide interccllular spaces. Here
the desmosomes are rather numerous.
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Fig. 9. Tissue treated with the intracellular enzymes of {he leukocytes -+
hyaluronidase (LH-section). In these seetions the intercellular spaces were

widest. The numerous desmosomes lie like osmiophilic islands in the in-
tercellular space, connected with the respeelive cells by narrow cytoplasmic
processes,



4414 HOLGER THILANDER

'-' 05 u. »

—_——

Fig. 10. A higher magnification from the same scction as in Fig. 9. Here the
finer structure of the desmosomes seems to be unaffected.

The pictures presented by L-, H- and LH-sections ditfered from
this prineipally by virtue of the general widening of the intercel-
lular spaces (Figs. 7—9). The desmosomes lay like osmiophilic
islands in the wide spaces and were connected with the respective
cells by narrow cytoplasmic processes. The fine structure of the
desmosomes appeared to be largely unchanged (Fig. 10); in only
a few of them there was apparently a separation of attachment
plaques from one another. As in the C-sections, the intercellular
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Fig. 11. Tissue treated with the intracellular enzymes of the leukocytes +

hyaluronidase (L.H-section). In 1this figure there are distinet cellular
changes, the cell membranes and a nuclear membrane are diffuse.
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space conlained dispersed regions with a finely granulated sub-
stunce, but otherwise no fine structure was observed. The most
pronounced changes oceurred in the LH-sections, where the inter-
cellular spaces were consistently widest (Fig. 9). In a few speci-
mens from this group there were distinct cellular changes. Certain
structures such as the cell membrane, and sometimes also the
nuclear membrane, were diffuse and the picture resembled that
found in severe pathologic alterations (Fig. 11).

DISCUSSION

The increase in the width of the intercellular spaces observed
in this investigation after local application of the different en-
zyme preparations was probably due to their effect on the inter-
cellular substance and the mutual adhesion mechanism of the
cells. It is well known that cells in tissue cultures lose their pro-
perty of adhering to glass after treatment with trypsin and it has
been shown that this adhesive property is restored when protein
in the form of serum is added to the medium (24). This behavior
has been ascribed to enzymatic digestion of a thin extracellular
coating of the cell membranes consisting of polysaccharideprotein
complexes (glycoproteins) (25).

Histochemieal investigations by, for instance, Wislocki, Faw-
cett & Dempsey (1951) and Thonard & Scherp (1959), together
wilh the positive reaction to PAS, metachromasia and the protein
reaction which were observed to occur intercellularly in this in-
vestigation, suggest that the epithelium of the oral mucosa con-
tains both polysaccharides and proteins intercellularly. An enzy-
matic breakdown of these substances (and the enzyme prepara-
tions used included proteases and hyaluronidase) may result in
a modification of the primary and secondary forces (chemical
bondings, "long range forces” etc.) which are thought to be re-
sponsible for the adhesion between cells. In the break-down of
macromolecular substances such as proteins and polysaccharides,
an increase in the uptake of waler must occur to maintain con-
stant tonicity. An increase in water uptake together with a
weakening of the adhesion effect may well result in a widening
of the intercellular spaces.
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Except for the protein reaction the histochemical differences
between the various treated specimens were not pronounced. This
to some extent negative result of an attempt to verify histoche-
mically the changes in the intercellular substance between lhe
enzyme-treated and non-enzyme-treated specimens may be due
to a low sensitivity of the methods for recording small changes
in concentration in the substances.

No widening of the intercellular space was found in most of
the desmosomes, since the distance between atlachment plagues
appeared to be for the most part unchanged. It would thus seem
as if the most important cohesive forces hetween the cells are
localized to these structures. The intercellular dislance here is
less than elsewhere, a factor that may have some bearing on, for
instance, the magnitude of the primary and secondary forces of
adhesion. Moreover, the intercellular substances here have a high-
er electron density and a different structure than the other inter-
cellular substance. The relative difficulty in separating attach-
ment plaques from one another has been thought to indicate the
presence of a cohesive force far stronger than can be accounted
for by a pure adhesion effect (26).

In occasional specimens treated with preparations containing
both intracellular enzymes and hyaluronidase, cells were found
that had undergone severe pathologic changes. It is possible that
these cells were necrobiotic before the applicalion of those pre-
parations, but intense enzymatic digestion cannot be excluded.

The results of this investigation show that intracellular en-
zymes from leukocytes may be a faclor of importance in the
pathogenesis of periodontal disease. The widening of the inter-
cellular spaces in the epithelinum under the influence of these en-
zymes would promote the passage of irritant and destructive sub-
stances through the epithelium into the underlying connective
tissue. If these enzymes are combined with hyaluronidase this
cell-separating effect is increased. The property of hyaluronidase
of causing a widening of the intercellular spaces in the epithelium
confirms previous observations under the light microscope by
Schultz-Haudt, Dewar & Bibby (1953).
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SUMMARY

A light microscope and electron mieroscope study has been per-
formed of the structural differences in the epithelium of the gin-
gival pocket in man after local application in vivo of hyaluro-
nidase, the intracellular enzymes of leukocytes, and a combina-
tion of these. The study was performed on 12 subjects with
clinically healthy gingiva.

A widening of the intercellular space was ohserved which was
most marked after application of intracellular enzymes - hya-
luronidase.

This widening may be due to increased uptake of water in as-
sociation with a reduction of the adhesive effect between the
cells, following enzymatic breakdown of the macromolecular in-
tercellular substance. Widening of the intercellular space did not
affect a majority of the desmosomes.

The findings suggest that these enzymes may constitute a signi-
ficant factor in the pathogenesis of periodontal disease. The
widening of the intercellular spaces of the epithelium would be
expected to promote the passage of irritant and destructive sub-
stances through the epithelium into the underlying connective
tissue.

RESUME
EFFET DE I’ACTIVITE ENZYMATIQUE LEUCOCYTAIRE SUR LA STRUC-
TURE DE L’EPITHELIUM DU SILLON GINGIVO-DENTAIRE
CHEZ L’HOMME

Une étude au microscope optique et au nmiicroscope ¢lectronique
a ¢té faite sur les différences de structure dans Pépithélium du
sillon gingivo-dentaire chez I'homme aprés application locale in
vivo ’hyaluronidase, d’enzymes intra-cellulaires leucocylaires et
d’une combinaison des deux. I’étude a ¢1é effectuée sur 12 sujets
présentant une gencive cliniquement saine.

Un élargissement de I'espace intercellulaire a ¢té observé, et
ceci d’'une maniére plus accusée aprés application d’enzymes in-
tra-cellulaires 4+ hyaluronidase.

Cet élargissement peut étre dii 4 une nugmentation de absorp-
tion de I'eau associée & une réduction de 'effet d’adhésion entre
les cellules, a Ia suite de la désintégration enzymatique de la sub-
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stance intercellulaire macromoléculaire. L’élargissement de Pes-
pace intercellulaire n’influait pas sur la majorité des desmo-
somes.,

Les résultats de cetle expérience incitent & penser que les en-
zymes peuvent constituer un facleur important dans la patho-
génie des affections du parodonte. On pourrait supposer que
Iélargissement des espaces intercellulaires de Iépithélium fa-
vorise le passage 4 travers I'épithélium de substances irritanles
et destructrices dans le tissu conjonetif sous-jacent.

ZUSAMMENFASSUNG

DIE AUSWIRKUNG DER LEUKOZYTENAKTIVITAT AUF DAS EPITHEL
DER ZAHNFLEISCHTASCHEN BEIM MENSCHEN

Es wurde eine lichtmikroskopische und elekironenmikrosko-
pische Untersuchung der Strukiurunterschiede im Epithel der
Zahnfleischtaschen beim Menschen nach einer Lokalapplikation
in vivo von Hyaluronidase, von intrazellularen Enzymen aus
Leukozyten und einer Kombination von diesen ausgefiihrt. Die
Untersuchungen wurden auf 12 Personen mil kliniseh gesundem
Zahnfleisch vorgenommen.

Man beobachtete eine Expansion des Interzellular-Gewebes, die
nach einer Applikation von intrazellularen Enzymen 4 Hyaluro-
nidase am ausgesprochensten war.

Diese Expansion kann auf cine Aufnahme von Wasser in Ver-
bindung mit einer Reduktion des Adhisionsvermdigens der Zellen
infolge eines enzymatischen Abbaus der makromolekularen Sub-
stanz zuriickzufithren sein. Die Expansion des Interzellular-Ge-
wehes hatte keine Einwirkung auf eine Mehrheit der Desmo-
somen.

Die Befunde lassen darauf schliessen, dass diese Enzyme in
der Pathogenese der parodontalen Krankheiten eine wichtige
Rolle spielen konnen. Man muss annehien, duass die Expansion
des Interzellular-Gewebes im Epithel die Passage der Reiz- und
destruktiven Stoffe durch das Epithel in das darunterliegende
Bindegewebe fordert.
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