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CHAPTER I
INTRODUCTION
AND
STATEMENT OF THE PROBLEM

Investigators in recent years have shown more and more the impor-
tance of enzymes in bodily processes. Receiving equal attention of in-
vestigators are the enzyme inhibitors. Since the begimning of the twen-
tieth century it has been known that snimal end human sera have an anti-
proteolytic enzyme action, This phenomenon has been investigated in re-
lation to many diseased states, among which are included those with a
comnon ground of severe inflammatory activity or tissue necrosis., The
importance of certain ensyme activities in inflammation has also been es-
tablished, Investigations have been performed which show the presence of
proteolytic ensyme inhibitors in animal and human tissues. Ultimately,
it would seem that the proper fumetioning of bedily processes is greatly
dependent upon the interrelationship of enzymes and their inhibitors,

The purpose of this investigation was to study the sctivity of pro-
teolytic ensymes in human gingivael tissue under normal and in chroni-
cally inflamed conditions in light of the available information regard-
ing proteolytic enzyme inhibitors.

Since little methodology in respect to this type of investigation is
present in the literature, the development of a workable technic is con-

sidered to be an important part of this study.
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CHAPTER II
REVIEW (F THE LITERATURE

Studles of the antiproteoiytic activity of tissues have been pre-
ceded by the investigation of the antiproteolytic activity of the serum
of animals and humans. This field of investigation is closely related to
the problem of this paper and a review of the literature of the antipro-
teolytic action of the serum will provide a fuller understanding of the
present problem under investigation.

Hildebrandt (1893), Camus and Gley (1897) and Landsteiner (1900) have
been credited by other reviewers of the literature for the Tirst observa-
tions of the inhibitory power of serum on the action of trypsin. However,
review of these publications shows that the experimental technic involved
in these works was primarily the injection of an enzyme, which is protein
in nature, into experimental animals, The reactions observed were inhibi=
tory to be sure, but st be interpreted as an antibody reaction to the
protein nature of the enzyme. These works, therefore, do not demonstrate
the presence of an enzyme-antienzyme reaction with which this paper is con-
cerned as stated in the first chapter,

Opie (1905) studied the enzymatic and antienzymatic action of in-
flamatory exudates, by production of experimental inflammatory reactions
in the peritoneal cavities of experimental gnimals. By collecting the
leukocytes produced in the inflamratory process and allowing the euto-
lysis of these cells, he determined the proteolytic enzyme activity of

-l




3=
the leukocytes., Ople was able to demonstrate the inhibitory effect of
blood serum and inflammatory exudates upon the enzyme leukoprotease of
the leukocytes by incubation of these with the leukocytes. From this the
conclusion was made that serum had the power of inhibiting proteolytic en-
zymes of the leukocytes and that this inhibitor probably passed into the
exudates of the inflammatory process. In the later stages of inflamma-
tion there was some diminution of the antienzymatic action.

Hussey and Northrop (1922) investigated the antitryptic activity of
the blood. They found that the inhibitory agent and trypsin combine to
form an inactive but dissociable compound. The reaction in equilibrium
could be expressed by the equations

Trypsin + inhibitor o trypsin.inhibiter
These investigators stated that the conditions of equilibrium are govern-
ed by the law of mass action.

Kunitz and Northrop (1936) developed a method of crystallization of a
trypsin inhibltor from beef pancreas. The inhibitor also inhibited chymo=-
trypsin but to a lesser extent. The inhibitor displayed the general
properties of & polypeptide,

Grob (1943) studied the nature and experimental variation of the anti-
proteolytic activity of serum by intravenous, intramuscular and oral ad-
minigtration of trypsin in rabbits, He found that intramuscular adminis-
tration of trypsin resulted in a slow rise in the antiproteolytic activity
of the serum followed by a lesser decline, Intravenous administration re-

sulted in ne arpreciable variation. Oral administration resulted in a
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rapld rise, which was sustained during the period of administration. In-
tramuscular, intravenous and oral administration of denatured trypsin re-
sulted in no appreciable variation,

Determinations of antiproteolytic activity of the serum were made by
the degradation of casein and by a proposed experimental formula devised
by author. From these facts and from the findings ef Kunitz and Northrop,
mentioned above, Grob attached important significance %0 the products of
protein hydrolysis both in the intestine and parenterally in relation to
the antiproteolytic activity of the serum. On the basis of the nature and
magnitude of the experimental variations obtained in his work and on the
lack of parallelism between precipitin tests performed on the animals snd
antiprotease activity, Orob stated that antibodies to trypsin were not an
important factor in the antiproteolytic activity of the serum,

Investigating further the nature of the antiproteolytic substance
in the serum, Grob (1945-46) presented evidence that leukoprotease and
trypsin are inhibited by reducing agents » including thiolwsulfhydryl com-
pounds and ascorbic acide It was shown that the antiproteolytic activity
was largely confined to the albumin fraction of serwum. According to Crob
the inhibitory factor was not dialyzable. The reported fact that the anti-
proteolytic factor was not freely diffusible in the body except when ine
flammatory or other pathologic processes increase capillary permeability,
is in aggreement with the conclusion of Opies

Dutherie and Laurensz (1949) supported the findings that the serum
antiprotease is associated with all the serum protein fractions but main-
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ly with the most soluble albumin fraction. They also found that the serwm
trypsin inhibitor was relatively stable but was sensitive to the lowering
of pH, which is in agreement with the findings of Orob (1945). Dutherie
and lorenz were unable to reproduce the results of Grob concerning the
variations of the antitryptic levels of serum, by the administration of
trypsin. In their studies there was only a 15% increase in the antiw
trypsin activity of serum after four weeks of subcutaneous administration
in rabbits, No increase was observed after oral administration,

Rusk and Cliffton (1951) investigated the relationship of the anti=-
proteolytic activity of serum with the fibrinolytic activity. By in-
jecting soybean trypsin inhibitor of Kunitz and Northrop intravenously in-
to mice they were zble to increase the antitryptic activity of the serum.
The changes were observed for a week or longer following the injections,
indicating the slow destruction or excretion of the soybean inhibiter in
vivo.

The relation of a polypeptide structure to the antiproteolytic fac-
tor in serum has been reported often in the literature. Ungar and Adler
(1956) have reported the discovery of a peptidase in guinea pilg serum
whose activity closely parallels the guinea pig serum protease inhibition.
The action of the peptidase is detectable by its action on a chromogenic
substrate glyeyl-beta~naphthylamine, Competitive inhibition of the pep-
tidase action by both plasmin and trypsin suggested that the proteases
were substrates for the peptidase and that the antiproteclytic activity
of guinea pig serun was due, at least in part, to the enzymatic destruc-

tion of proteases. While this phenomenon was found to be present in
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other species including man, its relationship to protease inhibition was
not as marked,

In discussing proteolytic entyme inhibitors John Bodman (1958)
specifies the presence of two separate inhibitors for trypsin and chymo=~
trypsin. According to Bodman both could be separated by curtain electro-
phoresis, The trypsin inhibitor appeared in several fractions and the
chymotrypsin was always collected in the fraction between the oc 1 8lob-
ulins and the albumin, Bodman suggested that the serum inhibitor titers
might possibly be under hormonal control.

Aizawva (1960) conducted zone electrophoresis studies to determine the
relationship of trypsin and chymotrypsin inhibitors to each other. Using
a nevly developed zone electrophoresis technic it was determined that the
greater part of both t:'ypsin and chymotrypsin inhibitors migrated with the
alpha globulin fraction, Scme inhibitory activity was found with the
ocp globulin, OStudies of the pathological sera showed the same distribue
tion of the inhibitors in the « 1 globulin, The ratio of inhibitory
activity between trypsin and chymotrypsin inhibitors in normal and patho-
logical sera did not vary significantly. As & result of these findings
it was concluded that the inhibitory activity against trypsin and chymo=-
trypsin vas exerted by a single inhibitory substance,

Vermeenko (1960) found that serum end plasma inhibited trypsin ac~
tivity to the same degree and whole blood was 30% less inhibitory. When
casein was used a8 a substrate, the trypsin activity inhibition depended

upon the amount of plasma, The addition of wrea to casein substrate caused
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a marked deviation from the linear dependence. Curves representing tryp-
sin actlvity dependence pointed to the dissociation of the trypsin in-
hibitor comrlex. The effect of urea on the complex disscciation indic-
ated the involvement of H bonds in the mechanism of the trypsin inhibitor
complexs The dependence of the dissociation of the trypsin inhibitor
complex on the neture of the substrate showed that the substrates were
cepable of competing with the inhibitor for the free trypsin. A dynamic
equilibrium established itself between the trypsin and the inhibitor on
the one hand and the substrate on the other,

Thus far the presence of an antiproteolytic factor in the serum has
been established snd a beginning insight into its nature has been discuse
sed, However, the problem of this work concerns the presence of a pro-
teolytic enzyme inhibitor in tissue. Ople (1905) discusses the possibile
ity of the passage of the serum inhibitors into tissues in inflammatory
exudatess This possibility has been confirmed in the literature. How~
ever, the investigations of a tissue inhibitor have been undertaken only
recently and to a limited extent,

Astrup (1952) described a potent fibrinolybic inhibitor in ox lung
tissue which appeared to be an antiproteolytic substancee

Scevola, Calchi, Novati, and Felisati (195}) and Scevola and Felisati
(1955) investigated humen, rabbit, guinea plg and ox tissues which ine
cluded lung, heart, liver, kidney, muscle, stomach, uterus and placenta.
The studies were done on homogenates of these tissues. Trypsin inhibi-

tion varied between tissues of the same animal and between species for
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the identical tissue., Upon 20 minute contact trypsin inhibition by lung
was 90, 78, 35, 29 and 28% in ox, guinea pig, humans, rat and i'abbit re-
spectively, The inhibition for heart tissue was 50, L2, 38, 3L, and 11%
for guinea pig, rat, ox, rabbit and humans; for placenta 67, 63, 26, 18
and 11 for humans, guinea pig, ox, rat, and rabbit respectively., OGuinea
pig uterus showed maximum inhibition; low inhibition was shown for muscle,
Stamach:,, kidney and liver tissues, In genersl, chymotrypsin was inhibite
ed much less than trypsin. Human tumoral tissue showed an irregular be-
havior, The antitryptic activity was sometimes lower, as in lung, and
sometimes higher, as in brain, than in nomal tissue.

Astrup and Stage (1956) isolated and partially purified a protease
inhibitor from ox lung tissue. The active compound had a characteristic
thermos tability and was most stable at acid reaction and was destroyed at
neutral and alkaline reaction., These pH reactions are the reverse of
those of the serum antiproteolytic factor reported this far,.

By subjecting tissue monocytes in a culture to an antigen-antibody
reaction, Tokuda (1959) studied the proteolytic mechanism of the antigen
antibody reaction. Sensitized rabbit monocytes were subjected to an anti-
gen-antibody reaction in a specially designed culture chamber and were
found to release a protease into the culture fluid. Beginning at 2 hours
and up to 48 hours a proteolytic»inhibitor was released. Evidence was
given that the inhibitor was definitely of cellular origin. The protease
inhibitor was isolated and partially purified and found to also inhibit

the protease of euglobin fractions prepared from the area of arthus-like
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hypersensitivity and papain but not of trypsin. It was pointed out that
both of these proteases had an essential SH group. The inhibitor alse
gave a slight Biuret reaction indicating that it might have been a poly-
peptide, Alfhough this study was essentially concermed with the sntigenw
antibody reaction of cells, viewed in the lirht of resnronses to cellular
injury, it is particularly interesting and mey be related to the problem
studied in this paper,

The relationship of the antiproteolytic activity of the serum and
various disease states has been confirmed in the literature. One of the
earliest works, that of Opie (1905), implicated the antiproteolytic face
tor with the inflammatory process., However, one of the earliest investiw
gations correlating the antiproteclvtic activity of seritm and the inflaome
matory process was thet of Hort (1209). He noted that the inhibitory
serun levels were elevated in 811 the coses of infectious disesses ctulied,
The levels remained elevated through the crurse of infection wntil conva-
lescence had been fully established, Antitryntic levels of serum were also
elevated in pathological cases involving cellular destruction vhich were
not of infectious causes,

An examination of 2,000 cases by West and Hilliard (1949) indicated
a relationship of proteolytic ensyme inhibition, specifically chymetrymsin
and remnin, to numerous disease states, In this study acute infoctious
conditions, influencing chymotrypsin inhibitors predominantly, comnrised
24% of a1l of the cases studied,

The work of Dillard and Chanutin (1949) established seme facts which
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should Ee kept in mind., This work studied serum levels of proteclysin,
plasmin, ond trypsin inhibitor of plasma in cancer patients and a variety
of acute and chronic disease states. No relationship between all of these
was eviden£ in the study. However, both proteclysin and trypsin inhibitor
could he related to cancer and to acute infectious disease states as
evidenced by increased serum level, The trypsin inhibitor concentration
level remained elevated in those who had been operated on and in those
whose tissues were undergoing readjustment to the normel states

Tauber (1950) found that of cases exemined £,1% of those with acute
1nfections showed abnormal tests of chymotrypsin inhibition, Eight and

two tenths per cent of those with chronic infections showed chnormal levels,




CHAPTER III
MATERIALS AND METHODS

This study was performed upon sixteen subjects of whom nine served
as a control group and seven as an experimental group. It was decided
to limit the study to male subjects in an age range from 25 to 35 years,
This was done to eliminate as much as possible variations resulting fram
sex differences and variations which might be attributable to aging proe-
cessess The medical histories of both the control and the experimentsl
subjects revealed no recent systemic diseases of consequence, The con-
trol subJects were apparently healthy at the time of the study, The ex=
perimental subjects were healthy aside from the periodontal disesase.

The tissue studied was the attached cingiva, Tissue specimens were
obtained from the vestibular and interdental aspects of the pre-molar or
anterlor teeth of either the maxilla or mandible. The decision as to
which area was to be biopsied was based upon clinical diagnosis. The
areas biopsied in the subjects of the control or normal group show clin-
ica1y normal gingival tissues, The areas taken from the subjects in the
experimental group showed chronic inflammation. An histological specimen,
stained with hematoxylin and eosin, was made of each tissue sample to cone
firm the clinical diagnosis of the state of the tissue.

Orban periodontal knives were used to excise the tissue specimens .
Anesthesis wes obtained through infiltration of procaine hydrochloride
anesthetic vith epinephrine 1:50,000 concentration. The injection was
made as far removed as possible from the sight of the operation. The

‘]_ln
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specimen was washed in tap water and blotted dry., At this time a portion
was removed from this specimen, fixed in 10% formalin and prepared for .
histologic exsmination a8 mentioned above., The histological diagnosis.
of the state of the tissue was determined by an histologist other than the
present investigator. The greater portion of the specimen was placed into
a Petri dish, covered and placed in a freezer compartment at about =20 de-
greed Centigrade, Proteolytic activity of the specimen was determined
within the next twenty~four hours as will be described below. In most
instances, a sample of venous blood was also obtained in order to assess
the proteolytic behavior of the serum assoclated with the vingiiral srecimens,

The method of Bodmen (1957) for the measurement of the proteolytic
enzyme inhibitor of serwm wss adapted to this study. The principle ine
volved in this method is to establish an enzymessubstrate model of known
concentration and reaction rate, This model served as a control. To
determine whether tissue contained substances which affect the rate of this
enzymic activity, an homogenized tissue specimen of known weight and con-
centration was allowed to incubate in contact with the determined amownt
of enzyme for a given period of time. This modified enzyme wes then ine
corporated into an enzymeisubstrate model. The amount of hydrolysis of
the substrate by the enzyme was determined for both the control model and
the experimental model whose enzyme constituent had been allowed to be
in contact with the homogenized tissue before acting upon the substrate.

Reagents for an enzymetsubstrate model were prepared in the followe

ing manner, Fight mg. of vitamin free test casein code number CMX-1155
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contributed by Abbctti.aboratories were added to 180 ml, of distilled
water with 6,0 ml. of 1N sodium hydroxide, This was shaken in a stop-
pered wide-mouth flask twenty times and allowed to stand for one hour at
romm temperature, To this emulsion was added 28l ml. of distilled water,
a crystal of thymol and a few drops of octyl alcohol. This solution is
both the substrate and the buffer of the system. ‘The final pH is 7.6,

The enzyme used for this study was chymotrypsin. Chymotrypsin was
chosen as the proteolytic enzyme bhecause of the available knowledge about
it and because of the relisbility of its reaction. Seventy mg. of crys-
talliged chymotrypsin (1075 Armour Hb units/mgm.) contributed by Armour
Fharmaceutical Company were diluted in 250 ml. of 0,002 M hydrochlorie
acid, Then 65,3 ml. of this enzyme solution were diluted to 100 ml, with
0,002 M hydrochloric acid. This was termed the stock enzyme solution.

It could also be prepared by weighing 18,3 mgm. of chymotrypsin and di-
luting it to 100 ml. with 0,002 M hydrochloric acid. Hydrolysis studies
of the chymotrypsin with casein demonstrated that further dilution of the
stock enzyme solution was necessary in this study, because of the great
activity of the enzyme supplied to us. A ten-fold dilution was decided
upon. It was prepared by diluting 1 ml. of stock enzyme solution to 10
ml, with 0,002 M hydrochloric acid. This was then called the working
enzyme solution, Hydrolysis rates were determined and hydrolysis curves
were plotted, From these the engyme:substrate model concentrations used
in this study were determined. Aliquots of the standard enzyme and worke-
ing enzyme were made according to the protocol shown in Table I, Each




TABLE I

CHYMOTRYPSIN HYDROLYSIS STUDY

TABLE 1
o MIX LET STAND SHAKE INCUBATE
INCUBATE 2 HOURS AT 38 C. j 4 TRANSMISSION
— CENTRIFUGE _ | _____P:mnlmmm:m
Tube Enzyme HCL Saline Casein (|TCA 104 Digest FaOF  Cuso, Triasl 1 Trial 2
i
1 5.0 2.5 2.5 15 3 5 1 1 12.0 9.0
2 2.5 50 2.5 15 || 3 5 1 1 14.5 12.0
PIPEITE
3 1.0 6.5 2.5 15 3 5 1 1 17.0 18.5
1:10
4 7.5 0 2.5 15 3 5 1 1 20.5 21.5
5 ml,
5 5.0 2.5 2.5 15 3 5 1 1 24.0 25.8
6 2.5 5,0 2.5 15 3 5 i 1 1 32.0 32.0
SUPER-
T 1.0 6.5 2.5 15 3 5 || 1 1 47.0 48.5
l vaTant |}
8 0 7.5 2.5 15 3 5 1 1 83.0 86.0

L

t~—-----~- HYDROLYSIS —~——---4 #STOP REACTION-+

j~—=mmme= BIURET REACTION =————mmm—e
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aliqmt was made up to 10 ml, volume as shown., Fifteen ml. of casein
aolutinn:, prepared as described above, were added to each test tube.
These tubes were then placed in a water bath at 38 degrees Centigrade for
two hours,

The depree of hydrolysis was determined by measuring the quantity of
protein hydrolysis products produced, A set of serially numbered tubes,
each containing 3 ml. of 10% trichloracetic acid was prepared., Five ml.
of the contents of the respective tubes containing the digestion mixture
were added to the prepared trichloracetic acid-containing tubes, The
tubea were mixed by inversion and allowed to stand at roem temperature for
10 minutes. This procedure stopped the hydrolysis reaction of the ensyme
and suhatrat&. The tubes were then centrifuged at 3,500 r.p.m. for 20
minutes, The supernatant was pipetted into another set of identically
numbered tubes., The products of hydrolysis were then measured by the
Biuret method,

The trichleracetic acid soluble material in the supernatant liquid
represented the products of hydrolysis. The percentage of trichloracetic
acid that is used in this procedure is critical. The trichloracetic acid
soluble material consists of polypeptide chains of a particular molecular
weight which are the result of chymotrypsin action upon the protein, casein.
Greéter concentrations of trichloracetic acid would precipitate not only
whole protein molecules not yet digested but also a portion of the poly-
peptide chains as well, Lesser concentrations of trichloracetic acid
would fail to precipitate intact molecules of polypeptides. Therefore,
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variations in the trichloracetic acid concentrations would influence sub-
gequent analysis of the supernatant liquid,

The supernatant 1iquid was prepared for the Biuret reaction by pie
petting as much of the su;iernatant a8 possible into correspondingly nume
bered tubes conteining 1 ml. of 30% Sodimm hydroxide, To these tubes 1
ml. of 5% w/v copper sulphate was added and the tubes were shaken to break
up the gel which formed, The tubes were then placed into a water bath at
38 degrees Centigrade for 10 minutes after which they were again centrif-
uged for 10 minutes at 3,500 r.p.m, The Biuret color thus developed was
measured by means of a Coleman Junior spectrophotameter, The filter was
set at 605 'N'e The results were recorded in § transmission and were
charted on graph paper.

The resulting graphs are shown in figures 1 and 2. From this the
concentrations for the enzsyme:substrate model were determined and set at
2,5 ml. of the so-called working enzyme solution and 15 ml. of casein
prepared as described above,

Semple tissue specimens obtained in the marmmer described sbove and
stored at ~-20 degrees Centigrade were used to determine the proper concen-
tration of the tissue homogenate to be used., The tissue was weighed on
an accurate laboratory balance to the nearest tenth of a milligram,

The tissue was then homogenized in a Potter homogenizer, the pestle be-
ing fitted by a friction clutch to an electric motor. The homogenizer
was gutmerged in a melting ice water bath during the entire time of homo-
genation, The trial specimens weighed 5.5 mg. and 61.9 mg. These
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were homogenized in 15 ml. and 17 ml. of saline solution in order to have
identical concentrations. Aliquots of the tissue homogenates were made
as shown in Table II, Two and one-half ml. of the working enzyme were
added to each of the aliquots and allowed to stand at room temperature for
twenty minutes. Each tube was aritsted once each minute., Fifteen ml. of
cesein were then added to each sliguot and the tubes were incubated for
two hours at 38 degrees Centigrade, Each tube was agitated every five mine
utes. The reaction was then stopped by the addition of 3 ml, of 10% tri-
chloraéetic acid, The sample was prepared for the Biuret reaction as
described above, The protocol for this procedure and the svectrophoto-
meter readings are shown in Table II,

On the basis of these data 1t was decided that, if any inhibiting
factor or proteolytic factor was present in the tissue, it must be pre-
sent in low concentration. It was decided, therefore, to reduce the con-
centrations of the reagents by a factor of five. In this way the relative
concentration of the tissue homogenate could be increased while using a
biopsy specimen within reasonable size. The tissuetsaline ratie for the
preparation of the homogenate was set st 37 mgm. of tissuet 2 ml, of
saline, Table III illustrates the protocol by which the protease zc-
tivity of the tissue specimens was measured. The results of the Biuret
resction were again recorded as $ transmission by means of a Coleman
Junior spectrophotometer using a 605 A filter, These readings were then
transcribed to optical density to facilitate statistical analysis,

Since pathological specimens were obtained from patients undergoing
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TABLE II
TISSUE HOMOGENATE DETERMINATION

TABLE III
EXPERIMENT AL PROTOCOL




TABLE II
INCUEATE MIX FHLKZ INCUBATE
LET STAND 20 MIN. SHAKE 38" ¢ LET STAND CENTRIFUGE % TRANSMISSION
SHAKE || CENTRIFUGE DECANT
Homo- Working
Tube Saline Casein TCA 10% Digest| NaOH CuSOA Trial 1 Trial 2
gemate 1 2  Enzyme |
1 5 0 25 2.5 15 3 5 1 1 26.5 31.0 -
PIPTTE
2 4 1l 3.5 2.5 15 3 5 1 1 28,2 38.0
5 M.
3 3 2 L5 2.5 "~ 15 3 5 1 1 28,2 32,0
SUPER-
4 2 3 5.5 2.5 15 3 5 1 1 28.8 32.5
NATANT
5 0 5 7.5 2.5 15 3 5 1 1 28,0 32.5
6 0 7.5 0.0 0 15 3 5 1 1 84.0
TABLE III
INCU@ATE MIX SHAKE INCUBATE
LET STAND 20 MIN, SHAKE 38" ¢ LET STAND CENTRIFUGE % TRANSMISSION
SHAKE CENTRIFUGE DECANT
Homo- Working
Tube Saline Casein TCA 10¢ Digest NaOH  CuSO,
genate Enzyme |
Specimen 1 0.5 0.5 3.0 3 5 1 1
PIPETTE
Control o 1.5 0.5 3.0 3 5 5 M. 1 1
SUPER-
Blank 0 2.0 0 3.0 3 5 1 1
NATANT




periodontal treatment, it was possible to obtain larger tissue speci-

mens. Therefore, it was decided to prepare two samples from each patho~
logic specimen. One was set at the concentration designated in the pre-
ceding paragraph and the other was made at approximately two times as
great a condentration. Thus the tissue:saline ratio of the homogenate
was about 75 mgm. of tissue:2 ml. of saline. Results were recorded as
mentioned atove,

Following preliminary examination of these results, additional normal
specimens were treated in the same mamner as described for the patholog-
ical specimens. In order to make it possible to obtain sufficient tissue
for two samples of each nommal specimen, the reagent concentrations were
reduced by a factor of two, Thus the necessary tissue homogenate concen-
trations were made possible with a blopsy specimen of reasonable size.
Since the amount of the final solutions was reduced, it was necessary to
use a microcuvette with the spectrophotometer to record the ;esults.

Because‘two different size cuvettes were ultimately used in this
gtudy, it wes neceséary to establish a cuvetie factor. This was accome
plished by subjecting the established enzyme :substrate model to the pro~
cedure described, The quantity of protein hydrolysis products produced
were measured in both types of cuvettes and recorded as % transmission.
These results were converted to optical density. From these data a
cuvette factor of 1,99 was calculated. This then enabled this inves-
tigator to correlate the spectrophotometric readings obtained with the
microcuvette with those obtained with the larger cuvettes used in the

major portion of this study.,




CHAPTER IV
FINDINGS AND STATISTICAL
ANATYSIS

The results of the erperimental procedure described above have been
separated into five groups. The spectrophotometric readings were con-
verted into wnits of activity by multiplying each rgading by 100, The
data were statistically analyzed, The data of group I are shovm in Table
IV and the data of groups II, ITI, IV and V are shown in Table V,

Group I consists of the results of the hydrolysis of the control
enzyme : substrate models, As can be seen from Table III, a control model
was included each time that sn experimental specimen was analyzed. The
sumation of these individual control models provided the control group
for the experiment, A total of sixteen control models were used in the
experiment znd the resulting figures were grouped in a range from 23.66
activity units to 56,07 activity units. Upon examination of these figures
in chronological order as can be seen from Tabtle IV, it was evident that
after subject #5 a sharp reduction in the amount of hydrolytic activity
occurred, This Las been attributed by this invéstigator to a reduction
in the activity of the enzyme which was used in this study. A period of
about two months had elapsed from the begimning of erperimentation to
that noint. After that time the activity of the enzyme was more constante
Since the change in enzyme activity would have the same effect as an al=
teration in enzyme concentration in the control models, a correction fac-

tor wes determined, The control models of subjects #1 to #5 were averaged;
w2l
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TABLE IV
CHRONOIOGICAL ORDER OF EXPERIMENTAL DATA
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TABLE IV

CLINICAL RISTOLOGIC UNITS OF ACTIVITY

SUBJECT WEIGHT
mg. EVALUATION  BVALUATION CONTROL BLANK HOMOGENATE

a)50,72
# 36.9 normal normal 50,86 6.70 b)45.84 (1)

a)48.81

#2 70,7 normal normal " (2) " b)44e37

: 56.0’7 8. 62

#3 33.2 normal normal 49.49 (3) 9.69 53.31
4 29.3 normal normal " " 53,46 i
#5 30.9 normal normal " " 53.76 .
32.79

27.6 normal normal 31.43 458 32.79
a)31.88 J
7 69.4 periodontitis chronic 33.72 7.57 1b)33.72 |
inflammation ?
8)33.72 |

49.7 " " " " b)35.65
23.66 7.47 |
#9 26.8 " " 32.79 7.06 42,02 |
a)30.10 ‘J
#10 73.6 " " 29.16 8.36 1)27.57 i‘
#11 43.3 " : " 28,40 8.62 35.65 ‘
37.68 7.57 |

#12 30.2 " " 32.79 6.05 37.68
26.61 7.20 |
#13 (4) 21.1 normal normal 27.80 9.11 27.80 }

25,97
25,97
#14 23.7 normal normal " n 28.40
#15 22,8 normal normal " " 29.59

(1) This indicates that two samples of homogenate solution were treated individ
ually and the readings recorded. |

(2) This indicates that the preceding control and blank were used in the ana-
lysis of data of two or more specimens analyzed on the same dax

(3) This indicates that more than one control and blank were analyzed with
a particular group of subjects.

(4) This subject and following subjects were analyzed by a microcuvette method
and the data is corrected for the determined cuvette factor.
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TABIE V
- GROUPED EXPERIMENTAL DAT 2
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TABLE V ' |
GROUP II NORMAL SPECIMENS GROUP III PATHOLOGIC SPECIMENS
UNITS OF ACTIVITY UNITS OF ACTIVITY
SUBJECT WEIGHT SUBJECT WEIGHT |
CONT H ENATE CONTROL HOMOG%E !
26.70% 31.8 ;
# 36.9 26,76% 24.,13% #7 69.4 33.72 33.72
23,35% , 33.72
#2 T70.7 " 25,69 #8 49.7 " 35.65
29.51#% 23,66
#3 33.2 26.05% 28,06% #9 26.8 32.79 42.02
30.10
#4 29.3 " 28,14 #10 73.6 29.16 2757
30.9 " 28,30* #1  43.3  28.40 35.65
32.79 37.68
27.6 31.43 32.79 #12 30.2 32.79 37.68
26.61 |
#3 2.1 27.80 27.80
25.97
25,97
#4237 0" 28.40
#15 22.8 n 29.59
*corrected for decrease in enzyme
activity GROUP V PATHOLOGIC SPECIMENS

UNITS OF ACTIVITY

SUBJECT WEIGHT**

GROUP LV NORMAL SPECIMENS CONTROL HOMOGENATE

UNITS OF ACTIVITY 23.66

SUBJECT WEIGHT** #9 JA WA 32.79 28,40
CONTROL _FOMOGFNATE :
26,61

#13 30,0 27.80 20,38 #10 137.4 29.6 13.67
25,97
25.97

14 36.2 n 20,38 #A1 77.8 28,40 24.36

37.68
#15 32.7 " 21.47 #12 46.8 32.79 - 18.71

»e
The concentration of the homogenate solution was increased by a factor of
two by adjustment of the tissue weight and the saline solution.
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the control models of subjects #6 to #15 were averaged. The controls
which were obtained during the period of greater enzyme activity were re-
duced by a factor of 1,9 which was obtained by dividing these averages,
The ~ean for the entire group of control models after this correction was
20,1 units of activity, The median was 28,78 wnits of activity. The
standard deviation for a small sample (Sy) was found to be L.27 wnits of
activity, The standard error of the mean ( S.E._3) for the control group
was 1,07 units of activity,

Specimens from normal gingiva which were analyzed at the homogenate
concentration of 37 mg. of tissue to 2 ml, of saliné were included in
Group II, A total of nine specimens varied in a range from 24.52 activ-
ity units to 32,79 activity units with a mean activity of 28,11 activity
units, When each specimen was compared to its related control model,
1little difference could be noted between the two. Seven of the group
showed a slight intrinsic proteolytic activity., This was indicated by the
faet that the number of activity umits was higher for the specimen than
for the control, Two specimens exhibited a slight inhibitory action in
respect to their individual controls as evidenced by lower activity read-
ings., Oroup II normal specimens had a median of 28,1l activity units.
The standard deviation (Sy) was 2,58 units, The standard error of the
mean { S.E.; ) was 0.79 units. The slight inhibitory activity, which is
indicated by a comperison of the means of group I and group II, is not
statistically significant., This was determined by the arplication of the
t test to these data, The results of the test being t23 = 1,000 which,
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vhen applied to probability can be expressed as Oy <P <0,3, In this
instance, a difference as large or greater would occur by chance between
three and four times out of ten. The clinicsl evalustion of normal gin-
glva was substantiated by histological section in each case.

Seven gingival specimens which clinically and histologically ex~
hibited a chronic inflammatory condition and whose tissue homogenate con-
centration was 37 mg, of tiésue to 2 m1. sali;'xe were placed into group III,
Of these specimens one was eliminated from the final analysis leaving a
total of six specimens, The single specimen was discarded because of the
extreme behavior of the tissue homogenate upon the enzymetsubstrate mixe
ture and of the respective control models, Idke the normal specimens dise
cussed above each pathologic specimen vas closely related to its respecw
tive control. Four of the specimens showed an intrinsic proteolytic ac-
tivity and two of the specimens had an inhibitory effect., However, dise
similarities were manifest when the group vas considered in its entirety.
Group ITI had a mean of 35.28 mits of activity and & median of 35,17
units of activity., The standard deviation was 5.26 wnits, The standard
error of the mean ( S.E.7 ) wes 1.91 units of activity., The variance
between rrouvp ITT and group I has been shown to be statistically signif-
icant by means of the t test, Results of this test show t20 = 2,666,

In respect to probsbility this can bte expressed a8 0,02 < P < 0,01,
Therefore, the probability that a difference as great or greater would
occur by chance is between one and two times in a hundred,

When erour IT ard group IIT were compared, they were also found to
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differ significantly. When the t test was applied, a result of ty3 = 3.463
was obtained, The probability was shown to be 0,01 < P < 0,001, A differ-
ence of this magnitude then would occur by chance only bet%aen one in one
hundred times and one in one thousend times. |

Oroup IV was comprised of three specimens which were taken from sub=-
Jects who were ineluded in group II, These specimens ifor group IV were
actually a part of the original blopsy samﬁle from a subject in group II.
The gingival tissue was histologically and clinically normale The tis-
sue homogenate concentration, however, was increased two-fold. zach of
the three samples treated in this mammer exhiblted a decrease in enzy-
matic activity in respect not qnly to its control model but especially to
its “mate® in group II, This wes signified by a decrease in the number of
activity wnits observed. The mean of this group was 20.74 units of ac-
tivity, The median was 20,38 units, The standard deviaiion ( 5S¢ ) was
0.88 units of activity and the standard error of the mean (S.E.g) was
0,51 wmits of activity. Although group IV was of a very small sample, the
probability that groups II and IV were of separate universes, was statis-
tically greater than 0,001 Only in one in one thousand times would this
magnitude of difference occur by chance,

Each of the four specimens in group V was also taken from & particular
subject already included in group III, The specimens were of chronically
inflamed ginsiva, The only variation acgain was a two-fold increase in
the tissue homogenate concentration. The mean of 21,19 units of activity
differed greatly from the mean of group III which was 35,28 units of
activity, The standard deviation was 0.72 units and the standard crror
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of the mean was 0,51 units of activity. The variation between these two
groups waes statistically significent as illustrated by the results of the
t test, For a value of the relative deviate ( s8/x ) equal to 3.522 tg
was shown to be 0,01 < P< 0,001, Therefore, a difference as great or
greater would occur by chance between one in one hundred and one in one
thousand times,

Oroups IV and V were also analyzed statistically for their relation-
ship to each other., Differences between them were found not to be sig-
nificant. The value of the relative deviate was 0,126Li. When this is
applied to the t test for five degrees of freedom, the probability of
this ccourring by chance is greater than nine times out of ten.




CHAPTER V
DISCUSSIOR

Turning for a moment to the first chapter of this report, it will be
remembered that an important aspect of this study wes the development of
a method of investigation. The protocol dgscribed in Chapter III illus-
trates a method which has proven to be feasible fo:é measuring proteolytic
engyme activity or proteolytic enzyme inhibitor activity in gingival tis-
sues, The usefulness of the method to measure proteolytic activity was
shown by the results of group III, The ebility to detect proteolytic en-
gyme inhibition wes evident in groups IV and V., The results of the con~
trol group, group I, were obtained through the application of methods de-
scribed in the literature and by means of studies of hydrolysis of casein
by chymotrypsin., The latter were performed by accepted procedures. Sig-
nificant differences were obtained between group I and groups III, IV,
and V in which the tisaue homogenates were the only variants, |

Once again, let us classify the five groups of data. Group I con-
sists of the results of the hydrolysis of the control enzyme: substrate
models, The constituents of the control models are shown in Table III,
The results of the effect of tissue homogenates of normal gingival speci-
mens upon an enzyme 3 substrate model were included in Grouwp II. The
homogenate concentration of this group was set at 37 mg. of tissue to 2 ml,
of saline. Oroup IITI was identical to Group II except that the effects
of chronleally inflamed gingivae were measured instead of nomasl gingivae,

In Group IV the effects of normal gingival homogenates upon the enzyme:
“29m




substrate model were measured. The gingival specimens were obtained from
subjects already included in Group II. However, the concentration of the
hoamogenate solution was now increased by a factor of approximately two
by incressing the weight of the specimen and adjusting the amount of
saline in the mixture., The results of Oroup V were obtained from chrqn-
lcally inflamed specimens of subjects included in Group III, The homo-
genate concentration of the specimens was increased in the same manner as
in Group IV, ‘

Although five distinct groups were delineated in Chapter IV, it will
be necessary to correlate these groups to extract ;oho salient ideas de-

rived from this investigation. Initially, it would seem that the nommal
tissue specimens in group II had no effect upon the engyme cl:ymotryﬁsin
during the periocd of incubation., The spectrophotometric readings of group
IIT indicated a greater amount of products of hydrolysis in the hamogenate
enzyme substrate mixture as compared to the control group. Since these
differences were statistically significant, an intrinsic proteolytic en-
zyme with an action upon the substrate, casein, was present in the inflam-
matory tissue specimens of group III. No evidence of a possible enzyme
and enzyme inhibitor relationship can be shown until the results of groups
IV and V are simultaneously considered,

Oroup IV samples demonstrated a significant inhibitory effect upon
the ensyme chymotrypsin when they were compared to their “mates' in group
II. This wasz true not only when the groups were considered as a whole
and analyzed statistically but also when the "mated" samples were cone
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sidered individually between groups., These results can be seen by com~
paring these groups in Teble V. This same phenomenon was evident be-
tween groups IIT and V as shown in Table V,

To what can"these differences be attributed? The presence of an
enzymatic inhibitory factor is definitely evident. The enzyme inhibition
can be detected after a change in concentration of the tissue samples.
I‘his» may indicate that at the lower concentrations, the enzyme lnhibitor
effect of the tissue was not measurable by this method., However, by in-
ereasing the concentration of the tissue homogenste the presence of an in-
hibitor could be demonstrated in both normal and inflsmed tissue. Yet,
this conclusion alone does not provide an adequate reason for the signifi-
cant differences between groups III and V, Oroup IIT demonstrated an in-
trinsic proteclytic activity. These data were signifiecantly different
from group II as well as the control group, group I. When the concentra-
tion of the tissue homogenates was ineressed as in groups IV and V, the
inhibitor activity of both groups showed no significant differences. In
fact, the differences in the levels of proteolytic enzyme activity of
normal and inflamed tissues were no longer apparent. This would seem to
indicate a higher degree of inhibitor activity in inflamed tissues than
in normal tissues,

On the other hand, the study may be understood more clearly by ex-
amining it from another aspect, The data from groups IV and V indicate
the presence of an inhibitor in both normal and chronically inflamed gin-
gival tissues., The fact that the normal and inflamed tissues of groups
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IT and III;. which vere analyzed at a lower concentration, did not show
the presence of an enzyme inhibitor can be attributed to a balanced re-
lationship of ensyme to Inhibitor. This relationship between enzyme and
inhibitor might not be numerically equivalent, That is, it might require
more inhibitor to counteract a given amount of enzyme, In fact, this
scems to be true when the normal and pathological groups of lower tissue
concentrations are considered in relstion to the normal and pathologic
groups of higher tissue concentration, If, for instance, a relationship
of one part enzyme to two or more parts enzyme inhibitor produced the re-
sults of group II or III, then, by increasing the concentration of the
tissue homogenate of the seme subject, the net result would be one of ab~
solute enzyme inhibition. This is illustrated in the diagrams in figures
3 and L,

An in vivo interpretation of an enzyme : inhibitor mechanism of this
nature is depicted in figure 3. Figure L depicts an analysis of the
in vitro situation as applied to this experiment. It can be seen that by
keeping the amount of the experimental enzyme, chymotrypsin, constant
while varying the concentration of the tissue components, the absolute
inhibitor activity is altered. This alteration under experimental man-
ipulation would be depicted as an appearance of inhibitor activity. This
inhibitor activity would be approximated to the difference between the
absolute inhibitor activity in vive and the absolute inhibitor activity
in vitro.

Therefare, analyzing the problem in this manner, the results of
groups II and IV became clearer. That is, in nommal gingival tissue a
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balanced enzyme-antienzyme mechanism would show no effeet upon the en-
zyme subastrate mixture. Yet, the éame tissue specimen at greater homo-
genate concentration would produce an inhibitory effect upon a similer
enzyme substrate mixture. The results of groups III and V seem to in-
dicate that an enzyme - inhibitor relationship would be a dynamic fluce
tuating system Just as 4t is true of many of the bodily processes. In
general the tissues in group IIT were found to exert an additive pro-
teolytic effect upon the engyme substrate mixture when compared to group
I, Yet, upon increasing the tissue homogenate concentration, an inhibi-
tion was evident in amounts great enough so that no significant differ-
ences between groups IV and V could be found., It will be remembered that
the "mates® of these groups, groups II and III differed significantly.
Those findings are attributed to an overcompensation of the inkibitory
factors in response to the proteolytic enzymes produced in the inflammae
tory process, |

Thesz idess have basis in the literature, West and Hilliard (1549)
indicated that serum proteolytic inhibitor levels remained elevated dur-
ing certain disease states and when the tissues were undergoing an ad-
Justment to 2 nomal state. Tokuda (1959) showed that monocytes sub-
Jected to an antigen-antibody reaction secreted a protease and then a
protease inhibitor. That latter work would seem to indicate the presence
of a time relationship in that mechanism not only between the proteases
and the inhibitors that were produced tut also between cells or groups

of cells which were subjected to injury. In this way neither enzyme nor
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inhibitor would act alone. Therefore, it is understandable that in a
proteolytic enzyme and inhibitor mechanism of this type, a relationship
such as the one described in this present study could produce the re-
sults that were obtained,

From this investigation questions arise which must be answered by
further research. The nature of the inhibitor must be determined. The
degree to which the inhibitory factor measured in tissues is influenced
by the proteolytic enzyﬁe inhibitors in serum should be elucidated. Are
results such as those obtained in groups II and IV of this study attribe
utable to the faet that even so-called normal gingival tissues exhibit
a chronic inflamiation to varying degrees? Only through a continuing

quest for new ldeas can knowledge in any fleld progress,




CHAFTER VI
SUMMARY AND CONCLUSIONS

The purpose of this study was to investigate the activity of pro-
teolytic enzymes in clinically and histologically normal gingival tis-
~ sues as well as chronically inflamed gingivae. The experimental pro=
cedures were designed to demonstrate any possible relationship of proteo-
lysis to proteolytic enzyme inhibition. Due to a minimum of information
in the literature regarding a specific method of investigation, the devel~-
opment of such a method was considered important.

Chapter III describes a method of investigation by which proteoly-
tic enzyme activity or proteolytic enzyme inhibition of a gingival tis~
sue specimen was measured., The procedure required homogenation of the
tissue and incubation of the homogenate with a kmown smowmnt of a pPTo=
ieolytic enzyme. Chymotrypsin was used in this study. The mixture of
enzyme and homogenate was then incubated with a known quantity of sub~
strate for the enzyme. The products of hydrolysis were then measured
colorimetrically after employing the Biuret reaction. Engyme t sube
strate control models were employed as a basis for determining the pro-
teclytic or inhibitory activity of the tissue specimens. The method was
workable using relatively small tissue samples,

Nine normal gineival specimens and six chronically inflamed gine
gival specimens from fifteen subjects were analyzed using the method

described, Significant differences were demonstrated between the

3T
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affects of nomal and inflamed gingivae upon the enzyme t substrate
mixture. This was attributed to the proteoclytic activity of the inflam-
. matory process, The presence of an inhibitor of chymotrypsin was demon-
streted in both nomal and ehronically inflamed human ginesivae, This was
accomplished by varying the concentration of the homogenate of tissue
- specimens from individusl subjects, The relationship between an enzyme
‘and its inhibitor, which could produce the results that sre reported in
Chapter IV, was discussed,

The following conclusions seem to be justified on the basis of the

results of this study:

1) Tre method of investigation which was developed is applicable
to this study,

2) The presence of a proteclytic enzyme inhibitor was demonstrated
both in normal and inflamed gingivae.

3) The tissues from inflamed gingiva seem to have a higher proteo-
lytic enzyme inhibitor level than do corresponding samples from
normal gingiva, This conclusion is based on the observation
that the additicnal proteclytic component esscribed to the homo-
genate sample is minimigzed or eliminated by elevating the tis-
sue horiogenate level in the experimental procedure, Such a re-
versal in proteolytic behavior wzs not demonstrable for the

normal tlssue homogenates,




BIBLIOGRAFPHY
I, PRIMARY SOURCES

Aizawa, N, Studies on the Protease Inhibitor in Human Blood, II. Zone
Electrophoresis Studies on Protease Inhibitor in Human Blood,
Yokohama Medical Bulletin 11: 206-211, 1960,

MW: Tage, and Stage, Agnete. A Protease Inhibitor in Ox Lung Tissue,
Acta Chemica Scandinaviea, 10: 617-622, 1956,

Bodman, John. Measurement Physiological Importance and Combtrol of Proteo-
lytic Engyme Inhibitors, Clinica Chimica Acta 31 108-110, 1958,

ewmwee, The Measurement of Serum Inhibitor to Chymotrypsin, Its Neture
and Clinical Significance, Rhewmstism 131 25-Lk, 1957,

Camus, L., and Gley, E, Action Du Serum Sanguin Sur Quelques Ferments
Digestifs, Comptes Rendus Des Seances Et Memoirs de La Societe De
Biologie L9: 825, 1897.

Dillard, George, and Chanutin, Alfred. The Protease and Antiprotesse of
Plasmas of Patients with Cancer and Other Diseasses, Cancer Research
9t 665-668, 1949,

Dutherie, E.S., and lorens, L, Protease Inhibitors I. Assay and Nature
of Serum Antiprotease, Biochemistry Journal LLs: 167-173, 15L9.

Grob, David, The Antiproteolytic Activity of Serum I. The Nature and
Experimental Variation of the Antiproteolytic Activity of Serum,
Journal of Ceneral Physiology 26: L0S-421, 19k2-L3,

wwew=, Proteolytic Engymes I, The Control of Their Activity,
Journal of Ceneral Fhysiology 29t 219-2L47, 19h5-k6.

Hildebrandt, H, Weiteres uber hyd rolytische Fermente' deren Schicksal und
Wirkungen, Sowie uber Fermentfestigkeit und Bemmung der Dermentationen
im Organismus, Virchows Archiv fur Psthologische Anatomie und
Physiologie und klinische Medizin, 131: 5, 1893

Hort, E.C. Diagnosis of Cancer by Examination of Blood, British Medical
- Jowrnal 2t 966-971, 1909,

Hussey, R.G., and Northrop, J.H, A Study of the Equilibriun Between the

So~called Antitrypsin of the Blood and Trypsin, Jowrnal of General
Physiology 5t 335-351, 1922-23,.

~39=




wliOm
Kunitz, M., and Northrop, John H, Isolation From Beef Pancress of Crys-

talline Trypsinogen, Trypsin, a Trypsin Inhibitor and an Inhibitor-
Trypsin Compound, Journal of General Physiology 19: 991-1007, 1935-36.

landsteiner, Karl., Zur Kenntnis der antifermentativen lytischen und
agglutinierenden Wirlumgen das Blutseruas und der Lymphe,
Centralblatt F. Bakteriologie Parasitenk u. Infektionskrank heiten
27s+ 357, 1900,

Opie, Evgene L, Enzymes and Antienzymes of Inflammatory Exudates,
Jowrnal of Experimental Medicine 7: 316-33L, 1905.

Rush, Benjamin, Jr., and Cliffton, Eugene E. Control of Proteclytie
Activity in Sermm; Effect of Soybean Inhibitor In Vive in the Mouse,

Americen Jownal of Physiology 166: LB5-491, 1951,

Seevola, M.E., Novati, C.C., Felisati, D. Distibuzione Degli Inibitori
Verso la Tripsine E la chimotripsina In Tessubi Di Differenti
Specie Animsld, Bollettino Della Societa Italiana Di Biologica
Sperimentale 30: 261-263, 195,

Scevola, M.E., and Felisati, D. Distribution of Trypsin and Chymotrypsin
Inhibiters in Normal and Tumoral Tissues of Different Species,
Biochimica Applicata 2: 83-94 1955,

Tauber, Henry. Chymotrypsin Inhibition by Human Serum in Health and
Disease, Proceedings of the Society for Experimental Medicine and
Biology Tht LB6-489, 1950,

Tolrada, Akira Biochemical Studies on Cellular Antigen Antibody Reaction
in Tissue Culture. II. Relesse of Protease Inhibitor, Mei Medical

Journal 93 217-225, 1959.

Ungar, Oeorges and Adler, Barr, A Serum Peptidase and Its Possible Role
in Protease Inhibition, Proceedings of the Society for Experimental
Biology and Medicine 91: 231-23L, 1956.

Veremeenko, K.M, Inhibition of Trypsin Activity by Blood Plasma,
Ukrains 'ki1 Biokhemichnii Zhurnal 32: 793-805, 1960,

West, P.M., and Hilliard, J. Proteolytic Engyme Inhibitors of Human
Serun in Health and Disease, Proceedings of the Society for
Experimental Biology and Medicine T1: 169-172, 19L9.




~li1=
- II. SECONDARY REFERENCES

~ Atzawa, N. Studies on the Protease Inhibitor in Hman Blood I. Assay
Method and Some Chemical Properties, Yokohama Medical Bulletin 11:
101-110, 1960. -

Albrechtsen, 0.K,, Storm, O., Claassen, M, Fibrinolytic Activity of Some
Human Body Flulds, Scandinavian Journal of Clinical and Laboratory
Investigation 10: 310-318, 1958.

Astrup, Tage and Albrechtsen, 0.K, Estimation of the Flasminogen Activator
and the Trypsin Inhibitor in Animal and Human Tissues, Scandinavian
Journal of Clinieal and laboratory Investigation 9: 233-23, 1957,

Austen, K.F., Brocklehwrst, W.E. Inhibition of the Anaphylactic Release
of Histamine from Chopped Guines Pig Lung by Chymotrypsin Substrates
and Inhibitors, MNature (London) 186: No. 4728 1960,

Benditt, Earl, P., Arase, Marzaret, Fnzyme in Mast Cell with Properties
Iike Chymotrypsin, Journal of Fxperimental Medicine 110
hﬂ‘héo, 1959.

Bull, Remry B, %uical Biochemistry John Wiley & Soms, Inc,
New York, 19L3, '

Glenner, G.G., Cohen, L.A. Histochemical Demanstration of a Species
Specific Trypsin-like Enzyme in Mast Cells, Nature (London)
185: 8L6-B4T, 1960.

Grob, David. Proteolytic Ensymes III, Further Studies on Protein, Poly-
peptide and Other Inhibitors of Serum Proteinase, Leucoproteinase,
Trypsin and Papain, Journal of General Physiology 33: 103-12ki, 19L9-50.

Herberts, G. Serum Inhibiting Factors in Anaphylactic Shock,
. Otolaryngology Suppl. 140s 145-151. :

Jacques, R, and Schar, B. Action of Enzymes on Isolated Smooth Muscle
Organs and Cells with Special Attention to Proteolytic Enzymes,
Helvetica Physiologica Et Pharmalogica Acte 158 13L-1k9, 1957.

Jasmin, G, and Robert, A. The Mechanism of Inflsmmation t An International
Symposium, Acta, Inc. Montreal, 1953s .

Mehler, Alan H, Intreduction to Ensymology. ka&mic Press Inc.
New York, 1957.

Menkin, Valy, Biochemical Mechanisms in Inflasmation. Charles C. Thomss,
Springfield, I11inois, 1958,




-4 2-
Northrop, Jolm H., Kunits, M, Crystalline Trypsin ITI. Experimental

Procedures and Methods of Measuring Activity, Journal of General
Physiology 16: 313, 1932-33,

Sale, E.E., Priest, S5.G., Jensen, H, Studies on the Antiproteolytic
Activity of Bovine Blood, Journal of Bioclogical Chemistry,
227: 83, 1957,

Sechwartsz, Bernard, Schwarte, Joyce. A Review of the Biochemistry and
Pharmacology of Alpha-Chymotrypsin, American Academy of Opthal-
mology and Otolaryngolegy 6lit 17-2k, 1960. Supplement.

Shulman, N, Raphael. Studies on the Inhibition of Froteolytic Enzymes by
Serums, II, Demonstration That Separate Proteolytic Inhibitors Exist
in Serum, Their Distinctive Properties and Specificity of Their Action,
Journal of Experimental Medicine 95: 593-603 s 1952,

===~ Studies on the Inhibition of Proteolytic Enzymes by Serums I. The
Mechanism of the Inhibition of T in Plasmin and Chymotrypsin by
Serum Using Fibrin Tagged with I as a Substrate, Journal of
Experimental Medicine 95¢+ 571, 1952,

Siger, Irwin W. Chemical Aspects of Ensyme Inhibition, Science 1253
51"5‘9 ] 1957 L]

Tokuda, Akira Biochemical Studies on Cellular Antigen-Antibody Reaction
in Tissue Culture. I. Release of Certain Protease, Mei Medical
Journal 9: 201-215, 1959,

Ungar, Ceorges Inflammation and Its Control - A Biochemical Approach,
The Lancet 2: 7h2-7h6, 1952,

Wells, George C., Babcock, Carvelle Epidermal Protease, Journal of
Investigative Dermatology 21: L59-463, 1953,

Zweifach, B.V., Nagler, A.L,, Troll, W. Some Effects of Proteolytic
Inhibitors on Tissue Injury and Systematic Anephylaxis, The Journal
of Experimental Medicine 113: 437-450, 1960,




	A Study of Protease Activity of the Human Gingiva
	Recommended Citation

	page001 (2)
	page002
	page004
	page006
	page008
	page010
	page012
	page013
	page015
	page016
	page017
	page018
	page019
	page020
	page023
	page024
	page025
	page026
	page027
	page028
	page029
	page030
	page031
	page032
	page033
	page034
	page035
	page036
	page037
	page038
	page039
	page040
	page041
	page043
	page044
	page045
	page046
	page047
	page048
	page049
	page050
	page051
	page052
	page053
	page054
	page056
	page057
	page058
	page059
	page060

