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A S5TUDY OF IFIMUNE KECHAWISKS IN THE MOUTH
1Y RELATION TC ORAL DISEASE.

SUMMARY

The evidence to date, from clinical, epidemiological
and laboratory investigations, underlines the causal role
of bacterial plaque in two of the most prevalent oral
diseases i.e. periodontal disease and dental caries. The
possibility of controlling plague formation or of inhibiting
its harmful effects on the teeth and gingivae by the pro-
duction of salivary and/or tissue antibodies was investigzated.

Saliva is a more difficult and variable substance with
which to work than serum, and although extensive research
has been carried out on the nature of the salivary immune
system, with especial reference to Secretory Igl, gingival
fluid and gingival tissue immune reactions, there seems to
be little correlation of the methodology, the results and
their interpretation. |

A number of related problems in connection with saliva
and gingivae and the possible roles of their components in
relation to oral disease were investigated in both humans
and small laboratory animals.

Little data exists on the increase in salivary immuno-—
globulin levels following the concentration of saliva by
volume reduction. Iyophilisation, ultrafiltration and
polyacrylamide gel were compared as to their efficiency in
concentrating stimulated, mixed, human saliva, the total
protein and individual immunoglobulins being determined and

compared. Reliability and feasability of method were




evaluated using solutions of human gamma globulin and
chymotrypsinogen. It was found that neither total protein
nor individual immunoglobulin concentration increased
linearly with reduction in volume, therefore volume
reduction alone cannot be taken as a reliable indication of
concentration of immunoglobulins or total protein in saliva.
Although Secretory IgA is known to differ from serum
IgA in that it contains a secretory piece, it has always
been assumed that salivary albumin is identical to plasma
albumin. The results reported in this thesis suggest the
contrary. Immunoelectrophoresis has confirmed the presence
of an albumin-like compdnent in mixed saliva. However,
although a precipitin arc occurs in the albumin region of
mixed saliva against rabdbit anti-mixed saliva serum, the
arc shows a reaction of ﬁon—identity with the plasma albumin:
anti-plasma albumin arc; +this arc is still present after
adsorption of mixed saliva with anti-human plasma albumin.
Thus it appears that the mixed saliva:anti-mixed saliva arc
in the albumin region does not result from plasma-like
albumin.. Double=diffusion results in a reaction of identity .
between salivary and plasma albumins, suggesting antigenic
similarities between them; this does not exclude the’
possibility of a secretory piece. Furthermore, after intra-
venous injection of human plasma albumin into rabbits, the
human albumin appearing in the saliva seems to be a single
entity. These results suggest the existénce of both a
serum—t&pe and salivary-type albumin in saliva, with at
least one identical antigenic component, the concentration

of the serum-type. being related to the degree of periodontal




disease and therefore Tissue destruction.

A couparizon of salivary and serum IgA levels of patientc {
presenting with dilferent perlodontQL dlseaoeu,vith a clinically
healthy control group, closely matched for age, sex, medical
histories and caries rates wes made. TIittle resard has been
- taken of the amount of caries or systemic disease in previoces

similer studies, with subseguent diificulty in releating the

results purely to Tthe type of periolontel disease under
investigation ( cnd vice-versa). Classification by longevity

of the inflavmetory lesious resulied in more significant
diffcrences bDetween the male salivas and the contfols, tThian

the females. On sub—d}#ision, trends to definite differences :
between health snd specific disesses appeared. Significant '
differences in salivary values were recorded in the acute
grouping Ulth Acute Ulcerative Gingivitis, Herpes plus Acute
Ulcerative ulnglVlulS, Aphthous Ulceration (in agreewment with
LEHINER, 1969,b) and acute Herpes plus chronic Gingivitis;

serum levels differed in 'convalescent' gréups of Acute
Ulcerative Gingivitis, chronic Gingivitis and Rheumatoid
patients. All values were calculated on the basis of‘the

World Health Organization standaurds to enable correlation with
any future results reported from other laboratories. ‘The

study discusses the value of immunogzlobulin measurements and
emphasises the need for maximum control and cqrrelation’of

all variables apart from the dise:zse under study to obtain

fully meaningful results.

> R

Tm:lantation of cariogenic bacteria in the mout

2

s of
rabbits fed a cariocgenic diet resulted not in caries, dut in

gingivitis with a warked inflammstory cell infiltration.



No salivary antibody was detected to these organisms (which
adhered to the oral tissues) not normally present in the
rabbit mouth.. These results were compared to those of
‘humans, by estimating if salivary antibodies were present

in control and diseased mouths to an organism implicated in
the pathogenesis of periodontal disease; the control group
have a higher level than the latter. The role of salivary
antibodies compared to tissue immune mechanisms is discussed
in relation to these resuvlts.

The ultimate investigation on local immunization out-
lined the difficulties of producing sufficient quantities of
salivary immunoglobulin'ﬁo overcome accumulated bacteria and
their products; also the strict control necessary over
type and quantity of antigen, route and timing of injectiouns.
The highest.response was obtained by local immunization
after primary systemic challenge. ‘'Passive' immunization
resulted in the appearance in the saliva of the iImmunogen
within a short time (confirming and extending the work of
SCHEIN and TUNG, 1962), the amount produced varying with the
molecular weight, implying there may only be secretion into
the saliva of molecules below a certain molecular weight, in
health. TFurther investigations into local immunization
appear warranted.

The possible interrelationships of salivary and tissue
immune mechanisms and their relevance to, and roles in, oral
disease are discussed, with reference to the results obtained

throughout the investigations.
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A STUDY OF IMMUNE MECHAWISHS IN THE MOUTH
IN RELATION T0 ORAL DISEASE.

SUMMARY (Preface)

vThe evidence to date, frpm clinical, epidemiological
and laboratory investigations, underlines the causal role
of bacterial plaque in two of the‘most prevalent oral
diseases, i.e. periodontal disease and dental caries. The
possibility of controlling plaque formation or of inhibiting
its harmful effects on the teeth and gingivae by the
production of salivary and/or tissue antibodies was
investigated.

‘Saliva is a more difficult and variable substance with
~ which to work than serum, and although extensive research
has been carried out on the nature of the salivary immune
system, with especial reference to Secretory IghA, gingival
fluid and gingival tissue immune reactions, there secems
to be little correlation of the methodology, the results
and their interpretation.

A number of related problems in connection with saliva
and gingivae and the possible roles of their components in
relation to oral disease were investigated in both humans
and small laboratory animals.

Iittle data exists on the increase in salivary immuno-
globulin levels following the concentration of saliva by
volume reduction. Iyophilisation, ultrafiltration and
polyacrylamide gel were compared as to their efficiency in
concentrating stimulated, mixed, human saliva, the total

protein and individual immunoglobulins being determined and



compared., Reliability and feasability of method were
evaluated using solutions of human gamma globulin and
chymotrypsinogen. It was found that neither total protein
nor individual immunoglobulin concentration increased
linearly with reduction in volume, therefore volume
reduction alone cannot be taken as a reliable indication of
concentration of imnmunoglobulins or totél'protein in saliva.
Although Secretory IgA is known to differ from serum
Igh in that it contains a secretory piece, it has always
been assumed that salivafy albumin is identical to plasma
albumin. The results reported in this thesis suggest the
contrary. Immunoeleo%réphoresis has confirmed the presence
of an albumin-like component in mixed saliva. However,
although a precipitin arc occurs in the albumin region of
mixed saliva against rabbit anti-mixed saliva serum, the arc
shows a reaction of non-identity with the plasme albumin:
anti-plasma albumin arc; +this arc is still present after
adsorption of mixed saliva with anti-human plasma albumin.
Thus 1t appears that the mixed saliva:anti-mixed saliva arc
in the albumin region does not result from plasma-like
albumin., Double-diffusion results in a reaction of ideﬁtity
between'salivary and plesma elbumins suggesting antigenic
similarities between them; tThis dpes not exclude the
possibility of a secretory piece. Furthermore, after intra-
venous injection of human plasma albumin into rabbits, the
human albumin appearing in the saliva seems to be a single
entity. These results suggest the existence of both a serum-—
type and salivary-type albumin in saliva, with at least one

identical antigenic component, the concentration of the
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serum-type being related to the dezree of periodontal
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disease and therefore tissuve des
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A comparison of salivary and serum IghA levels of patients
presenting with different periodontal diseases with a clinically
healthy control group, closely matched for age, sex, medical
nistories and caries rates was made. TLittle regard has been
taken of the amount of caries or systemic disease in previous
similar studies, with subsecuent difficdlty in relating the
results purely %to the type of overiodontal disease under
investigation (and vice-versa). Classification by longevity
of the inflammatory lesions resuvlted in more significan
differences between the male salivas and the contfols, than
the females. On sub—di?ision; trends to definite differences
between.health and specific diseasses appeared. Significant
differences in salivary values were recorded inithe acute
grouving with Acute Ulcerative Gingivitis, Herpes plus Acute

Ulcerative Gingivitis, Aphthous Ulceration (in agreement with

Pl

oy,

ITHY TR, 1969,b) and acute Eerpes plus'chronic Gingivitis;
serum levels differed in 'convalescentd' groups of Acute
Ulcerative Gingivitis, chronic Gingivitis and Rheumatoid
patients. All values were calculated on the basisbof the
World Health Organization standards to enable correlation with
any future results reported from other laboratories.  ‘The
study discusses the value of immunoglobulin measurements and
enphesises the need for warimum control and correlation of
all variables apart from the disease under study to obtain
fully meaningful results. § .

| Implantation of cariogenic bacteria in the moutus of
rabbits fed a cariogenic diet resulted not in caries, but in

gingivitis with a marked inflarmatory cell infiltration.
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No salivary antibody was detected to these organisms
(which adhered to the oral tissues) not normally present
in the rabbift mouth. These results were compared to those
of humens, by es%imating if salivary antibodies were
present in control and diseased mouths to an organism
implicated in the pathogenesis of periocdontal disease; the
control group have a higher level than the latter. The role
of salivary antibodies compared ﬁo tissue immune mechanisms
is discussed in relation to these results.

The ultimate investigation on local immunization out-
lined the difficulties of producing sufficient quantities
of salivary immunoglobuiiﬂ to overcome accumulated bacteria
and their products; also the strict control necessary over
type and quantity of antigen, route and timing of injections.
The highest response was obtained by local immunization
after primary systemic challenge. ‘Passive' immunization
resulted in the appearance in the saliva of the immunogen
withiﬁ a short time (confirming and extending the work of
SCEEIN and TUNG, 1962), the amount produced varying with the
molecular weight, implying there may only be secretion into
the saliva of molecules below a certain molecular weight, in
health., Further investigations into local immunization
appear warranted.

The possible interrelationships of salivary and Tissue
immune mechanisms and their relevance to, and roles in, oral
disease are discussed, with reference to the results obtained

throughout the investigations.
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A STUDY OF IMMUNE MECHANISMS IN THE
MOUTH TN RELATION TO ORAL DISEASE

CHAPTER 1.

INTRODUCTION.

SalLVa, as defined by 'The Concise Oxford Dictionary!?
is a "colourless liquid given by mixed secretions of salivary
and mucous glands discharged into fhe mouth and assisting
mastication.” Immunity, defined by thg saﬁe source, means
"being proof against contagion."

In thé following thesis, it is proposed to expand the
definition of saliva especially with fespect to some of its
protein constituents and to investigate immunity as a
property of saliva, in addition to'analysing to what exﬁent
the functions and properties of saliva are interrelated with
other oral immune mechanisms in connection with oral diseases. -

Considerable clinical, epidemiological and laboratory
evidence has demonstrated the casual role of microbial plaque
in both dental caries and periodontal disease (LBE, THEILADE
and JENSEN, 1965; GIBBONS et al., 1966; ALEXANDER, 1970;
KELSTRUP- and GIBBONS, 1970 and SHEIHAM, 1970). The possibility
of inhibiting plague formation or of altering plaque metabol-
ism, as a means of preventing these diseases, by the production
of specific antibodies in salivary secretions or in the
gingival tissues, through vaccination, is thus\attractive.

It was felt that successful immunization procedures
could only be achieved, if adequate methods of analysis of
salivary constituents were defined, and small laboratory

animals used, to study the mechanisms of initiation of oral



disease.

The aims of the thesis will be to determine the
immunoglobulin content of the saliva and serum of patients
who presented suffering from periodontal diseases of
varying severity and to compare them with that of coﬁtrol
subjecté having clinically healthy mouths (i.e. no active
dental caries and a low Plagque Index value)., Before this
project was undertaken it was realized that basic work on
‘the manipulation and examination of saliva (from both humans
and experimental animals) was necessary before a meaningful
patient survey could be carried out. This resulted in
interesting observations in connection with the concentration
of saliva and also with the immunochemical properties of the
albumin in human saliva,

Animal experiments in relation to the production of
local immunity in the oral cavity were felt to be important.
Consequently, rabbits were used for experiments on the use
of bacteriaAin inducing oral disease and for broadly-based
investigations on the production of salivary and tissue
antibodies in the mouth after active and passive immunization.
It was felt that these results could act as a comparison
and guide-line for future human studies on immunization °

against oral disease.



CHAPTER 2.

CRITICAL REVIEW OF THE LITERATURE.

Iwo of the principal diseases of the mouth are
periodontal disease and dental caries. Although, in some
areas of dental research there is a larger volume of
literature related to the latter than to the former, and
this has been included in the review where relevant, the
investigations reported in this thesis were principally
concerned with periodontal disease, However, their

application to dental caries was also considered.

THE MOUTH

A number of microbial eéosystems exist and interact
within the oral environment as a whole, The tongue, teeth,
hard and soft palates, gingivae and gingival crevice are
colonised by, and the gingival fluid and saliva, contain,
many different microorganisms, a number being common to
some, or all, of these different parts of the mouth. The
interaction of these organisms, the factors fhat affect
their proliferation, production of metabolites and their
capacity to induce harmful effects, the constituents of the
oral tissues and fluids, are all important in influencing
the reaction of the host to their presence, Tpe general
health of an individual and the capacity of his immune
system, at any given time, to cope with the constant change
in the oral ecosystems, governs his response to adverse
changes in these systems and also his susceptibility to, and

recovery from, oral disease.
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SALIVA

Saliva is the substance secreted by the parotid, sub-
Teandibular, sub-lingual and many minor glands, into the
mouth, where it bathes the tongue, teeth and mucous

membranes. Its functions, like its contents, are varied.

WHOLE SATIVA

Whole saliva is contaminated by food, desqugmated
epithelial cells, bacteria, gingival fluid and leukocytes
emanating from the gingival crevice. Its protein content
including enzymes and immunoglobulins varies with diet and
length of time after eating (DAWES, 1970), flow rate
(MANDEL and XHURANA, 1969), stimulation and the type of
stimulation used (JEﬁKINS, 1970) and the general oral health
of the subject. (See Table 1,)

It has been shown to contain numerous ions, albumin,
salivarywi; globulin, double component, mucosaloéz; globulin,
salivaryo/2 globulin, lactoferrin, salivary /?1’globu1in,

4 globulin, preamylase, amylase, post amylase, CC-cathodic
component, salivary mucins, lysozyme and blood group
substances along with various growth factors (reviewed by
ELLISON, 1960). STOFFER et al. (1962) have reported the
presence of orosmucoid (o< 1 globulin), caeruloplasmin
( oL 5 globulin), 4 , macroglobulin (/é’z globulin),
lipoprotein (/e 1 globulin), transferrin (/éil globulin) and
fibrinogen., Immunoglobulins were identified by MASSON et al.
(1965) while BRANDTZAEG (1965) confirmed the presence of
IgG and IgM (in very small amounts) and IgA plus Secretory

IgA in parotid, submandibular and whole saliva,
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To identify these proteins, a number of antisera were
used and at least 1l precipitin arcs: were obtained om
immunoelectro phoresis (ELLISON, 1960); even with uncon-
centrated whole saliva, precipifin bands could still be
obtained. The subsequent work has resulted in varying
numbers of precipitin lines against unconcentrated and
concentrated whole, parotid and sub-mandibular saliva, but
it must be emphasised that NO standard antiserum has been
used. |

Pooling of samples is often necessary to obtain sufficient
amounts for analysis and care must be taken to mix only those
saliva samples from subjects similar in as many respects as
possible. It 1s not possible to obtain two or more people
with exactly the same biological and immunological
characteristics, so natural variation must be taken into
account, along with variation in estimation of oral health

and disease, when examining these saliva samples.

SATLIVARY GLAND STINULATION

Stimulation by different agents results in different
flow rates, but subjects with a slow reaction to one stimulus
exhibit the same reaction to others and vice-versa
(JENKINS, 1970). Chewing of paraffin wax is unpleasant and
causes denaturation of salivary proteins; Citric Acid may
act as a chelating agent but is a good stimulant. After
prolonged stimulation salivary production is reduced and the
rate of constituent production can no longer parallel flow

rate with concomitant dilution, MANDEL and KHURANA (1969)
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TABLE 1. Variability in salivary IgA levels in the
same person.

IgA level in parotid saliva (mg%).

Meximal stimulation. - *

Different days. Continuously over 2 hours.
10 ml samples collected.

1.0 1.14

1.04 0,93

1.04 j : 1,10

0 1.17

1.03 . 0.95

0,70 ’ 0.80

0.95 0.95

0.84 Mean = 1.01

Mean = 0,95

Standard deviation = 0,12, Standard deviation = 0,13

Unstimulated = 8.9mgh
Submaximally stimulated = 2.4mg%
* = Maximal stimulation to salivation, produced by sour
fruit candy allowed the most repfoducible levels of
IgA to be attained. Thus variations due to time of
day, relétion to meals and prolonged stimulation,
were eliminated., Variability approximates the

standard error of the IghA determinationl(i 10%) .

(From SOUTH et al., 1968)
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reported a decrease in Albumin and IgA concentration on
increased flow rate; MANDEL and XKATZ also reported, in 1970,
that pilocarpine stimulation of human saliva gave a twofold
increase in all components with the exception of ca*™ and
IgA, which varied inversely in this case. Fig.l illustrates
the decrease in salivary Igd content on increased stimulation
of whole saliva.

Whole saliva is thérefore a heterogeneous biochemical
mixture with a wide variation of properties, depending on
the environment and state of the subject at the time of

collection.

GLAND SALIVA

Saliva from canulated ducts should be a sterile, clear
fluid. Because of canulation it }s more difficult to obtain
and must be stimulated to collect sufficient amounts with
which to work.

Electrophoresis on cellulose acetate membranes, agar gel
and polyacrylamide gel (MEYER and LAMBERTS, 1965, a,b;
BEELEY, 1972) results in fewer bands compared to whole
saliva., This may be because of contamination of the latter
with bacterial substances, epithelial cells and crevicular

fluid plus the additional secretion from the minor glands.

SALIVARY IMMUNOGLOBULINS

With the discovery that the IgG/IgA ratio in whole
saliva is 1/1 (BRANDTZAEG, 1965) compared to 5/1 in serum,

interest turned to the function of IgA in mucosal secretions
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as it was also found to Dbe the predbminant immunoglobulin
in nasal, bronchial and gastro-intestinal secretions
(TOURVILLE et al., 1969; JOHKSON, 1970 and ROGERS, 1970).

There is a great range of variation in the previously
reported values of salivary immunoglobulins because of
differences in the methods used for collection, concentration
and the use of different standards for comparison., This is
illustrated in Tables 2a, b, ¢ and d, in which BRANDTZAEG
et al., (1970) tabulated concentration values.

There is doubt as to the origin of salivary immuno-
globulins, Many workers including ELLISON et al. (1960),
STOFFER et al., (1962) aﬁd MASSON et al. (1965) referred to
the demonstration of serum proteins in saliva. This implies
a basic sameness in serum and salivary immunoglobulins;
also that there is diffusion of immunoglobulins from the
serum, through the gingivsl tissue into saliva.

Later studies by TOMASI and ZIEGELBAUM (1963), TOMASI
et al. (1964), SOUTH et al. (1966), BRANDTZAEG, (1970) and
STROBER et al., (1970) proved the existence of a secretory
mechanism for IgA into the saliva, apart from the normal
production of IgG and IgM. Thus although a small propoxrtion
of salivary igA may originate from the serum, it is thought
that 96% is synthesised within the salivary glands. (Reported
by HURLIMANN and ZUBER, 1968; STROBER et al. 1970).
BRANDTZAEG et al. (1968,a) described the selective secretion:
of IghM in IgA deficiency. Normally IgM (BRANDTZAEG et al.
1968; BRANDIZAEG 1971,e) and possibly IgG (STROBER et al:
1970; BRANDTZAEG, 1971;e) are selectively transmitted.



10.

Tables 2a and b.

REPORTED VALUES OF SALIVARY IMMUNOGLOBULINS.

(after BRANDPZAEG et al., 1970)
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Tables 2¢ and d.

REPORTED VALUES OF SALIVARY IMMUNOGLOBULINS.

(after BRANDITZAEG et al,, 1970)
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LACHMANN and THOMSON (1970) have demonstrated that
IgA is the antibody in most normal human salivas that gives
high titres of immuno-conglutinin activity, i.e. antibody
to bound complement components. This may be important in
intra-crevicular reactions. BRANDTZAEG et al., (1968,b)
noted the 'in vivo' adsorption of IgA onto oral bacteria,
and IgA was the antibody in saliva attributed by SIRISHINA
(1970), to be produced against o< haemolytic streptococci.
The depletion of salivary IgA by adsorption to microorganisms
may be a protective mechanism ‘in shielding the oral mucous
membranes and teeth from attack by bacterial products, bdbut
may also deplete the IgA pool and so lower resistence to

prolonged attack.,

THE SECRETORY IMMUNOGLOBULIN SYSTEM

The structure and function of the principal mucosal
antibody has been the subject of a number of reviews and
investigations. (BRANDTZAEG, 1968; TOMASI and BIENENSTOCK,
1968; TOURVILLE et al., 1969; BLOTH, 1970; BRANDTZAEG et al.
1970; OGRA and KARZON, 1970; TOMASI; 1970, BRANDTZAEG,
1971a,b,c,d,e and WALDMAN, 1971). |

Salivary IgA was found to have a sedimentation
coefficient of 11S whereas serum IgA has one of 7S. It has
a molecular weight of 390,000 as it consists of 2 molecules
of M.,W, 170,000 bound to a Secretory Pilece (So?.) of M.W.
50,000 (TOMASI et al., 1965). The S.P. has a faster |
electrophoretic mobility than IgA., BRANDTZAEG (1970) and
TOMASI (1970) produced work that refuted the earlier results
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of HURLIMANN et al. (1969) who dismissed the idea of non-
covalent as well as covalent linkage between the IgA
molecules and S,P., Both linkages are now known to exist
between the chains of the 7S monomeric units.

BRANDIZAEG (1968,a; 1970) stated that the increased
antigenicity of IghA is due to unfolding, not to the removal
of light chains, and that 'in vivo' there is an anzyme-
catalized process producing inter-unit S-S bonds, with the
non-covalent bonds being secondary. Thus secretory IgA has
unique physical, chemical and antigenic properties conferred
by this non-immunoglobulin glycoprotein secretory piece
which appears to stabilise IgA and make it relatively
resistant to proteolysis (TOMASI and BIENNENSTOCK, 1968).

Secretory IgA is unigue in that the two components are
‘synthesised in two different cells. The dimerised Igd is
produced in the sub-endothelial plasma cells and the secretoxry
component. in the ductal cells (TOURVILLE et al., 1969).

This confirms the mechanism proposed by TCMASI and BIENNENSTOCK
(1968). They combine in the inter-cellular spaces and the
bound form issecreted. Pree S.P. exudes straight out and

this explains its presence in patients lacking Igh, as fbund
by HEREMANS and CRABBE (1967), SOUTH et al., (1966; 1968) and
BRANDTZAEG (1968). ROSSEN et al. (1967) identified 11S Igh

by immunofluorescence studies in tissues lining the oral and
respiratory passages in man.

Secretory IgA is also found in trace amounts in the
blood of normal individuals (THOMPSON et al. 1969; WALDMAN
et al. 1970a,b and BRANDTZAEG, 1971,d). THOMPSON and ASQUITH
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(1970) have stated that about 99% of healthy adults have
Secretory IgA in their serum, but their report was on a

small sample of people and the method of concentration of

Igh was not stated. BRANDTZAEG (1971,d) detected it in 59%
of normal people with an increase in the IglA myeloma group.
He possibly used more sensitive methods of detection because
of the hidden antigenic determinant of IgiA. The mechanism

of its formation is unknown but there may be a "spill-over"
of free S.P. and Secretory IgA from the intercellular spaces
to serum via the connective tissue ground substance. There
is no apparent correlation between Secretory IgdA and ordinary
Igh concentrations in serum. Its level is elevated in
certain conditions eg. liver disease. WALDMAN et al. (1970,b)
reported high numbers of sera with Secretory Igh in enveric
cases, therefore possibly the breakdown of mucous memﬁranes
allows its release into the serum; no study appears fo have
been made as to whether there are elevated levels in the

sera of persons with severe periodontal disease.

Recently HALPERN and KOSHLAND (1970) and MESTECHY et al.
(1971) have demonstrated a J chain or F component in polymeric
Igh and IgM. It is synthesised along with the corresponding
heavy chains by immunocytes (O'DALY and CEBRA, 1971) but its
role in stabilization or transport of Secretory immuno-
globulins has not yet been established. | |

Much of the work on Secretory IgA has been carried out
by Brandtzaeg. The disadvantage of his work is fhat only
small numbers of test subjects have been used and the
secretion is reduced to a minute working volume. However,

his results have, in the main, been confirmed by others and
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the active transport of IgA into saliva appears generally
accepted.

TAUBMAN and GENCO (1971) have suggested that many of
the properties of Secretory IgA antibody could be explained
(and enhanced) by a preference of this antibody to bind
most of its combining sites to a single molecule possessing
nmultiple identical antigenic determinants as opposed to cross-
linking two or more such molecules. GENCO et al. (1970)

reported that‘antibodies to Strep. mutans, which is implicated

in dental caries, prevent attachment of the organisms to
the tooth in the absence of complement., Secretory IgiA may
be important in preventing this attachment since it may bind
by several of its sites to the multiple determinants of a
single bacterium. |

There is difficulty in producing a good antiserum to
S.P.~Igh because of its low antigenicity. Only about 40% of
S.P. in parotid gland becomes complexed and the non-
spontaneous binding mechanism is unknown. Immunoglobulin
may stimulate production of the S.P. whose function may be
to stabilise the quaternary structure of the locally produced
IgA dimers. Most measurements of salivary IgA have been
carried out using serum IgA standaids, therefore true
correlation with salivary levels is difficult because
diffusion takes place at a different rate due to the different
molecular size and configuration, L@his must be taken into
account in interpreting results usiﬁg agar diffusion |
techniques.

Apart from IgA the majority of the immunoglobulins in
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secretions are structurally identical to their counterparts
in serum and have not yet shown to be complexed with a S.P.
Their functions appear to be the same eg. Igh f;xes
complement; IgA does not. Elevated serum IgG levels are
paralleled by a rise in salivary IgG levels (BRANDTZAEG,
1971,a). Measurement of all secretion components is difficult;
TOMASI (1968) has stated that no method provides absolute
values for the total protein content of a secretion,
especially since preliminary concentration is often necessary.
The specific biological functionsof Secretory Igh are,
as yet, largely unknown, but because of its relatively high
concentration in saliva; it seems reasonable to assume that

it plays an important role in relation to oral disease.

CCNCENTRATION OF SALIVA AND ITS CONSTITUENTS

Numerous previous studies have utilised concentrated
saliva, but there is little data on the success of the methods
employed (ELLISON, 1960; STOFFER et al., 1962; SIMONS et al.,
1964; LEHNER et al., 1967 and STROBER et al., 1970).

LEHNER (1969,b) pointed out that although the saliva he used
had been concentrated twentyfold'(ZOx) the constituent
concentration might not be to the éame level, SHKILAIR et al.
(1969), used paraffin wax-stimulated saliva and lyophilised
it to give a concentration of 50mg/ml (wt/vol)wbut‘prbtein
concentration was not stated. : |

BRANDTZAEG et al. (1970) pointed out that concentration
of saliva results in a loss of p;otein but this fact does not
generally seem to have been taken-into account in reporting

salivary immunoglobulin levels. It is difficult to interpret
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results that have been extrapolated back to concentration

in the original volume when it has been assumed that
reduction in volume i.e. 'concentration' results in an
equivalent concentration of protein or immunoglobulin content.
As the levels of IgA in both stimulated and unstimulated
whole saliva have been reported to vary between 0.6 and

49.9 mg/100ml (tabulated by BRANDIPZAEG et al. 1970; see
table 2a) with a mean of 12,39 mg/100ml, it would seem that
concentration is not linear, with different methods giving

different results.

SATIVARY ALBUMIN

Salivary albumin has been reported to be passively
transmitted fraom serum to salivazry secietions (STROBER et al.,
1970; BRANDTZAEG, 1971,e) and HALPERN and KOSHLAND (1970) and
STROBER et al. (1970) have reported some estimations of its
concentration, assuming, as is generally done, that salivary
albumin is immunologically identical to serum albumin.

This seems to have resulted largely from the report by
ELLISON et al. (1960) on the identity of some serum and
salivery proteins., On Ouchterlony diffusion plates, a
continuous band was reported betweén serum albumin and mixed
saliva when they were diffused against anti-mixed saliva
serum although the "number of reacting compoun@s in saliva
was so great as to render resolution of the bands difficult”.
Also, a drawing of the immunoelectrdphoretic pattern formed
by the use of mixed saliva versus gnti-mixed saliva serum
and anti-human normal serum serum, shows a reaction of identity

in the albumin region. (The same experiment is reported in.
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Chapter 4, Results.) Subsequent studies confirming this
report have been made on salivary albumin, using anti-plasma
albumin serum, not anti-salivary albumin serum (STOFFER et al.
1962; LEACH et al, 1963; MASSON et 51. 1965; BRANDTZAEG,
1865 and 1971,e; MANDEL and KHURANA, 1969; STROBER et al.
1970; ZENGO et al. 1971 and OPPENEEIM and HAY, 1972).
However, the unexplained results reported by SIMONS
et al., (1964) that "curiously enough'" their anti-saliva serum
gave no precipitin arc when allowed to diffuse against
different concentrations of human plasma albumin, appears to
have received little subsequent notice. There are thus
discrepancies in the literature as to whether serum and

salivary albumin are identical in all respects.

GINGIVAL FLUID

There is a seepage of fluid from the gingival tissues
into the crevice in disease or when trauma of the tissues
occurs. The fluid has been analysed by paper electrophoresis
(MANN and STOFFER, 1964), agar diffusion (MANN and STOFFER,
1964; BRANDTZAEG, 1965) and immunoelectrophoresis (BRILL and
BRONNESHAM, 1960; BRAND@ZAEG, 1965) and the presence of a
number of immunoglobulins was deteéted, as was lysozyme
(BRANDTZAEG and MANN, 1964). Inflammation of the gingivae
results in an increased flow rate (MANN, 1963) and,therefofe
the availability of the proteins, but it may also cause
dilution. The immunoglobulins present i egXIgA and IgM
appear to be in the approximate ratio of 12:4:1 as Iound in
serum (BRANDTZAEG, 1965).

Crevicular fluid may be collected on filter paper strips
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or by capillary tube (SHILLITOE and LEHNER, 1972). These
authors also found high levels of complement in crevicular
fluid and SHILLITOE (1972) confirmed that the IgA present
is of the serum, not the secretory type. It has not yet been
determined whether immunoglobulins and complement (present
in much lower levels in the crevicular fluid than in serum
(SHILLITOE and LEHNER, 1972)) are present in normal
crevicular fluid, as all samples have been collected from
periodontally diseased subjects, although OPPENHEIM (1970)
suggested their presence in the clinically normal»gingival
crevice. Unfortunately, methods of collection cause local
injury, resulting in an.inflammatory exudate which appears

to be coming from healthy tissues.

ORAT BACTERTA AND PLAQUE FORMATION

The normal mouth has a varied flora., The extent of
colonisation of the different oral tissues such as teeth,
tongue, gingivae and gingival crevice by these microorganisms,
depends on the existing conditions.

Plague is the deposit that adheres to a clean tooth on
abandoning oral hygiene measures (EGELBERG, 1970). TIts
development is affected by the chemical nature of the
environment, the number and nature of thé bacteria fresent,
their biochemical activities and the factors affecting these
activities., SCHROEDER and de BOEVER (1970) have stated that
plaque consists of bacteria, an intercellular matrix of
microbial origin and crystallites,. in mineralised plaques.
Within a period of 7-14 days, it consists of 70% bacteria

and 30% intercellular spaces, thus presenting a three-
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dimensional picture.

Bacteria do not normally adhere to a clean surface,
and accummulation is initiated by the deposition of a non-
mineralised cell-free pelliclelless than‘i/zthick on the
tooth surface., It consists of glycoprotein derived from
saliva (LgE, 1969). Bacterial 'opportunism' is probably
important with streptococci forming a large part of the
initial plaque due %o their being the most common organism
in the mouth., ©Plaque is consistently added to and modified,
with the filamentous bacteria adhering perpendicular to the
tooth surface. lMany organisms that compose plague are
intermediate forms or are as yet unidentified. Some have a
definite habitat on the tooth which exist and multiply in
conjunction with other bacteria, forming a typical ecosystenm
at a given time, on the tooth surface, This continually
chenges, being influenced by the oral conditions during
growth; see fig.2.

Saliva only appears to aid supragingival plaque férmation,
although conflicting reports have suggested its importance
also in sub-gingival plaque accumulation, which is a slower

process (EGELBERG, 1970).

PERIODONTAL DISEASE

Periodontal disease results from an accumulation of
dental plagque on the dento-gingival junction.  The placue
results from inadequate oral hygiené, Thus a healthy oral
condition is altered to a potentia;ly pathogenic one; the
plague and host metabolic reactions interacting to influence

the process of the disease, (MACPHEE and COWLEY, 1969).
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Inflammation of the periodontium is caused by physical
irritation or by the damaging action of substances not
normally present at this sité. The degree of irritation
influences the amount of inflammation and alteration in the

tissue which indicates the severity of the disease.

PHYSICAL ENVIRONMENT TIME PRESENCE OF NUTRIENTS
Anatomy and position Saliva.
of tooth.
Gingival fluid.
Anatomy of surrounding ‘///
tissues. = Plaque.w__ Remnants of epithelial
/////' \\\\cells and leukocytes.
tructure of tooth
surface. //// Diet.

Friction from diet and
surrounding tissues.

Oral hygiene measures.

Fig.2e. The oral conditions that affect plaque
accunulation,
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BACTERIAL PLAQUE TN RELATION TO PERIODONTAL DISEASE

The composition of bacterial plague changes with time.
RITZ (1967) studied the composition of plague over periods
of 1-9 days. He reported that during the early stages of
plague development, streptococci, neisseriae and mocardiae
predominated, while at the end of the experimental period,
the bulk of the organisms were streptococci, actinomyces,
velllonella and corynebacteriae, These results illustrate
that increasing thickness of plague with progressively more
anaerobic conditions, increases the anaerobic bacterial
count. This correlates with the results of CROWLEY and ASH
(1969) who reported an increase in filamentous organisms
corresponding to the rate of plaque formation, These Gram
negative, anaerobic organisms are often, unfortunately,
resistant to antibiotics (GOLDBERG, 1970).

Difficulty is encountered in growing the organisms Ifrom
plague because of the specialised growth factors they
require which are possibly produced by the interaction of
metabolites from the oral flora. The microbiota also varies
in different sites in the mouth and the wrong sample may be
obtained for experimental cultivation of certain organisms
(SOCRANSKY, 1970); difficulties therefore amount in
obtaining reliable counts. However, it appears that
generally, filamentous forms, spirochaetes, fusobacteria,
vibrios, streptococci, odontomyces sp. and other anaerobic
organisms predominate in older plaqﬁe with subsequent changes
in products and the antigenic characteristics of plgque
(GENCO et al., 1969).

The fact that plaque initiates gingivitis has been
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established by the studies of LOE, THEILADE and JENSEN,
(1965); THEITADE et al. (1966) and IOE and SCHIOTT (1970).
Their experiments have demonstrated that gingivitis was
initiated within 9-21 days in a group of young adults with
healthy gingivae who had abandoned all oral hygiene
measures; the original plaque indices and gingivitis scores
could be obtained with the re-institution of oral hygiene
measures. Suppression of the plaque, both mechanically and
chemically, maintained the plague index at the low level
necessary for a-clinically healthy mouth. SAXE et al. (1967)
and COURANT et al. (1968) have demonstrated in dogs what has
been suggested by epidemeology in man, that plague causes
periodontal disease, as a progression from the initial
gingivitis.

This concept has been corroborated by SHEIHAM (1970) in
his studies on dental cleanliness and chronic periodontal
disease., Those subjects with less accumulated plague had
less severe.chronic preriodontal disease than persons with
poor dental cleanliness, as the accunulation of plague on the
teeth of people with healthy gingivae gave gingivitis which
could be resolved one week after cleaning. Persons who
brushed frequéntly, but ineffectivély, were found to have
more destructive periodontal disease than those with
effective, but rarer, tooth-brushing.  These results indicate
that increase in severity results from increase in plaque
and calculus and that duration of irritation is related tb
severity. .

GENCO (1970) has proposed that any process that plays a

part in periodontal disease must fulfil three criteria:
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1) must represent a distinct immunopathologic process,
the vehicle(s) for which are in the periodontal
tissues or surrounding environment.

2) must induce the periodontal disease in experimental
animals.

3) must be operative in naturally occurring periodontal
disease.

This is a modification of Koch's Postulates and may not

necessarily be applicable, especially part 2, as CARLSSON

and KRASSE (1969) have shown that different organiSms'are
cariogenic in different animals; similarly those bacteria
or their products causing'periodontal disease may not
manifest themselves in the same way in animals.

Thus, as stated by STAHL (1970), the condition of the
host, i.e. nutritional status, age, generalised infection and
hormones, affects and may accelerate the initiation of, or
accentuate the present inflammatory periocdontal disease.
These factors, plus the composition of the saliva which
greatly influences microbial growth and.réproduction
(BURNETT, 1970) all influence the host's resistance to

periodontal disease.

Virulence of parasite x Dosage of
parasite
i.e, Health or Disease =

Resistance of hosti.

(BURNETT, 1970)

PATHOLOGY OF THE PERIODONTIUM IN RELATION TO PERIODONTAL
DISEASE

A human tooth protrudes through the gingiva and nmucous
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membrane which acts as a seal between the crown and the

root (MACPHEE and COWLEY, 1969). The periodontal membrane
of the gingivae consists of collagen tissue, blood vessels,
lymphatics and nerves. The gingival tissue (mucous membrane)
adjacent to the crown is detached 1-1.5mm, resulting in the
gingival crevice (see fig.3).

Mast cells are present along blood vessel walls in the
gingivae, and their action inm gingivitis has Dbeen described
by ZACHRISSON and SHULZ-HAUDT (1967), ZACHRISSON (1967;
1968a,b). They contain many biologically active substances
which, when released into blood and surrounding tissues, act
as smooth muscle stimulénts and can increase membrane and
vascular permeability, promoting odoema, stimulation of
phagocytosis and interfere with blood clotting; i.e. they
play an important role in inflammation. The human gingiva
is comparatively'rich in these cells and they have been found
by ZACHRISSON (1967) to decrease ‘in number as gingivitis
increases in severity. Chronically inflamed gingiva was
found by ZACHRISSON (1968,a) to be rich in mature and
immature mast cells, the great majority of immature cells
being found in the pocket area.

On inducing experimental gingivitis by abolition of oxral
hygiene .procedures, and examination of biopsies, ZACHRISSON
(1968,b) observed scant numbers of plasma cells contrary to
the chronic disease condition, but a large infilt;ation of
polymorphé was present in the sub-epithelial connective |
tissue, It must be noted however, that inflammatory cells
(immunoblasts) are present to a small extent in clinically

normal tissue (BRANDTZAEG and KRAUS, 1965; COWLEY, 1966;
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Fig.3. Diagram of the local environment of the tooth.
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PORTEQOUS, (1969).
There is therefore a definite change in the pathology
of the periodontium in mild to chronic periodontal disease,

the type of change depending on the disease incurred.

CARIES

Caries is caused by bacteria growing on the tooth
surface in the presence of fermentable carbohydrate. The
resulting f21l in pH causes a demineralization and subsequent
to this the minimal organic skeleton is removed, presumably
by proteolytic enzymes, resulting in cavities in the teeth.
Rate of dental caries development depends on the circumstances
that affect bacterial attack, such as salivary flow rate,
the intrinsic properties and composition of saliva, diet and

the structure and spacing of the teeth (JENKINS, 1970).

BACTERIAL PLAQUE IN RETLATION TO CARTES

Plague formation allows local colonization by streptococeci
and other acidogenic bacteria such as lactobacilli, which
multiply in sufficient numbers to produce the substances that

cause dental caries. GUGGENHEIM (1968) found Strep. mutans

in deep carious lesions,-

The significance of lactobacillus counts in-saliva is
that they indicate the number of stagnation areas in the
mouth where thick plague has formed and sufficiently acid
conditions exist to allow continued growth of lactobacilli
(sIMS, 1970). If oral hygiene is improved, a healthy dietary
followed and conservative treatment carried out on a carious

mouth, the number of areas of stagnation fall, as do the
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lactobacillus counts. People with otherwise comparable

oral conditions, but statistically significant differences

in mean lactobacillus counts; exhivit different caries rates.

No qualitative or quantitative difference in the types of

streptococci'in plague from 'caries-active! (DMF 20) and

'caries—inactive! (DMF 5 and no clinically detectable lesions

for two years previously) mouths was found by ROGERS (1969).
However, as KESTENBAUM (1968) stated, increased plague

does not alone account for dental caries, Sufficient amounts

of acid must be produced, therefore the type of organism in

the plagque om the tooth surface, and the diet, are imporitant.

TIMUNOIOGICAL ASPECTS OF ORAL DISEASE

The interrelationship of the factors involved in oral
disease is illustrated in fig.4.

It is known that on primary irritation of the gingiva
there is a large infiltration of polumorphonuclear leukocytes
into the crevice area (TAICHMAN et al., 1965; FREEIMAN et al.,
1967; MERGENHAGEN, 1970 and TAICHMAN, 1970), which have a
deleterious effect on host tissue. Subsequently, plasma
cells appear, as the condition becomes chronic (BRANDTZAEG
and KRAUS, 1965; PLATT et al., 1970). Therefore, tissue as
well as oral fluid, immune mechanisms are implicated in oral
disease.

A

a) GCell-mediated: Cell-mediated immunity in oral disease

due to the infiltration by lymphocytes, has been reviewed
by LEHNER (1972). He classified it into four groups.
I - in which lymphocyte transformation is stimulated by

plaque‘bacterial antigens as well as by related organisms. The



29.

INVADERS HOST RESPONSE DEFENCE OF HOST

Plague micro-
organisms Tissue resistance

~ Microbial g (Inflammation

components

g Ability of inflammatory
toxins response to lead to
) (repair
Microbial (Phagocytosis )
enzymes (Age of tissue and tissue

Microbial )® (Release of lysosomes
antigens Vascularity of the
tissue '

Hypersensitivity or

Cellular "antibody"

LN D I N

(Allergy Humoral resistance

Antitoxins

Antibodies to enzymes

TNSTNTNTNTNTNTNTNTN N TN

, Antibodies to microbial
FACTORS THAT UPSET BALANCE (antigens

Physical irritants-
-plague and calculus
- =faulty restorations
~toxic material (non-biological)
Occlusal trauma

Hormonal imbalence-
~pregnancy

Systemic disease
Genetic defects

Nutritional disorders

Fig.4 Interrelationships of factors involved in oral disease.

(After BAHN, 1970).




30.

functions of lymphocyte are affected by serum factors -
antibodies or immune complexes. This system may be involved
in the pathogenesis of periodontal disease.

IT - Immunological studies of aphthous ulceration suggest
there may be auto-immune damage of oral mucosa to give
ulceration, This could be accounted for by immunological
tolerance and cytotoxic potential of sensitized lymphocytes.,
The concept of auto-immunity in relation to periodontal
disease was first discussed by BRANDIZAEG and KRAUS (1965)
and Secretory IgA in gastric juice has been shown to be an
auto-antibody to intrinsic factor (GOLDBERG et al., 1968).
IIT - This involves deficiences in the factors involved in
lymphocyte sensitization and antibody formation i.e.
cytotoxicity, migration inhibition and sometimes impaired

delayed hypersensitivity skin reaction to Candida albicans.

Serum IgG and IgM levels fall but salivary IgA increases and
lymphocyte transformation remains intact in chronic oral
hyperplastic candidosis.

IV - In the various histological changes of leukoplakia and

in carcinoma where there is = significant increase in

lymphocytes with autologous leukoplakic tissue., Cell—médiated

studies may establish if there is impaired tumour surveillance

in the leukoplakia-carcinoma relationship.

BARAM and ARNOID (1970) have stated that there is no
known feedback control mechanism to shut down a delayed
hypersensitivity reaction afterAinitiationo It is continued
till all the antigen is degraded or has diffused from the

oral site.
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b) Humoral: Bacteria provide the antigenic stimulus which
causes the irritation and this effect can be enhanced by
adjuvants. As was discovered by STEWART-TULL and WHITE (1964)
and WHITE (1964) it is the cell wall mucopeptide that has
adjuvant properties, HOLTON and SCHWAB (1966) extended %this
work and demonstrated that mucopeptide from cell walls of

/9 ~heaemolytic streptococci (prevalent in the mouth) can
also promote the production of antibody. Therefore, the
initial composition of plaque may play an important role in
the promotion of an antibody response to the subsequent
bacterial antigens.

RIZZ0 (1970) has studied antigen penetration into
gingiva, using endotoxin and found that it could not penetrate
unaided; however, low levels gave a local reaction and once
the tissues were seunsitized, very low concentrations only
were needed for a secondary response. Zndotoxin has been
implicated also by MERGENHAGEN and SNYDERMAN (1971) in oral
disease, by inducing a humoral response.

NISENGARD and BEUTNER (197C,a) have indicated that
serum contains antibody to the oral flora. These antibodies
must only be of importance in relation to oral disease if
they are demonstrated to be produced against distinct oral
pathogens and not to related commensals or organisms causing
a previous systemic infection., NIDENGARD, BEUTINER and HAZEN
(1968) and NISENGARD and BEUTNER (1970,b) examined the
relationship of immediate hypersensitivity to periodontitis
in animals and man using actinocin from actinomyces in
plaque., Antibody levels and the percentage of allergic

individuals increased with increased periodontal inflammation.
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In 1971, BERGLUND detected the presence of immuno-
globulins in gingiva from cells in the tissue, in addition
to serum antibodies., PILATT et al. (1970) supported this
and both authors believe that the immunoglobulins produced
by these plasma cells have specificity for plague bacteria.
Immune complexes formed by immunoglobulins and bacterial
antigens activate the complement system in éﬁe gingival
pocket, where the fact that the fifth component is chemotactic
(WVARD and NEWMAN, 1969), may be imporfant; the role of
complement as a mediator of inflammation has been outlined
by MERGENHAGEN (1970).

It therefore.seemslthat a number of immunological
reactions take place in the mouth on the initistion of a
disease process., Salivary antibodies may be produced against
cariogenic bacteria as well as those implicated in the
pathogenesis of periodontal disease. In addition, DICK and
TROTT (1969,a) have concluded from their investigations on
rats, that traumatic inflammation increases the effects of
an immune reaction induced in the oral tissues. Inflammation
nay thus condition those tissues so that an immune reaction,
normally fulfilling its intended homeostatic function, is

overactivated and becomes responsible for tissue injury.

PATIENT SURVEYS IN CONNECTION WITH ORAL DISEASE

A number of surveys have been carried out endeavouring
to relate patient salivary oxr serum immunoglobulin levels to
the degree of dental caries rather than periodontal disease.
An increasing number of investigations are being undertaken

to investigate:with:thé role of cell-mediated immune responses
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in periodontal disease. In any survey on humans, there is
the initial and inherent difficulty of finding subjects
with one CR the qther disease; the fact that both caries
and periodontal disease are likely to be present complicates
interpretation of the results,

a) Periodontal Disease: Prom a search of the literature it

appears that salivary immunoglcbulin levels have not been
greatly studied in relation to periodontal disease. SAITO
et al. (1969) have reported a serum protein analysis by
immunoelectrophoresis of patients with periodontal disease
(clasgified into inflammatory, atrophic and mixed types).

He reported an incréase.in the gamma giobulin fraction
concentration and a decrease in albumin, from the control
group values, which contradicted the earlier results of
SHANNON and GIBSON (1964) and SHANNON et al. (1966) although
they agreed with those of KARSHOU et al. (1952), MATSUNMURA
et al, (1960) and TANIMOTC (1960). NISENGARD and BEUTNER
(1970) showed that humoral antibody levels increased
gignificantly as periodontal inflammation increase, though
this might be expected, as with a breakdown of tissue,
antigen may diffuse inwards more readily, to stimulate anti-
body production.

Serum immunoglobulin levels are of interest, but seem to
have little relevence to periodontal disease, when they alone
are measured, as they reflect the general state of health of
the subject rather than the parﬁicular 6ral condition.
LEHNER (1969a,b) measured serum and salivary immunoglobulin
levels in subjects presenting with oral disease (excluding

dental caries) in relation to controls; diagnosis was mainly
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on clinical grounds. It is in this type of study that use

Hh

of equivalent indices would be useful for comparison of
results. He found:
(2) in acute and recurrent ulcerative gingivitis,
during days 1-4, serum IgA levels decreased and IgM
increased with a subsequent rise in serum IgG and Igh
in the first month of onset of acute ulcerative
gingivitis. These Ifindings suggested an immune defect
in the pathogenesis of AUG which might account for
the high rate of recurrence.
(b) in lichen planus, serum IgG fell and Igh rose
slightly, IgM levels being normal; salivary IgA showed
little veriation. Serum IgG and IgA rose in recurrent
ulceration.

IEHNER (1967), IVANYI and LEHNER (1970, 197la,b) and
IVANYTI et al. (1972) have studied lymphocyte transformation
by pléque constituents from patients with periodontal disease.
Their results indicated that lymphocytes from control
subjects are not sensitized by those bacterial antigens
which stimulate lymphocytes in subjects with gingivitis and
periodontitis. These antigens are dresent in control
subjects with normal gingivae and they stimulate lymphocytes
from patients with gingivitis or mild periodontiﬁis. Loss
of reactivity in severe periodontitis may be due to the loss
of feedback inhibition of cell-mediated immune Tresponses
(AXEIRAD and ROWLEY, 1968) or méy be due to a serum inhibitory
factor (IVANYI and LEHNER, 1971,b), thought to be an antibody
or antigen/antibody complex.

However, the role of salivary immunoglobulins and
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cellular responses in periodontal disease, has not vet been

fully elucidated.

b) Dental Caries: Apart from the studies implicating

salivary immunoglobulins as an important factor in caries
development, AITCHISON and CARMICHAEL (1962) reported a
relationship between the ABO blood mutations and dental
caries. As the study was confined only to blood grouping
they state "no attempt was made to list accurately any other
observations"., There is therefore no indications as to how
"caries~free" and "caries-rampant" were defined. A greater
1liability to caries in Blood Group A was reported.

GELLER and ROVELSTAD (1959) concluded that a factor
related either to lysozyme of gamma globulin in parotid
saliva inhibited lactobacilli and was related to the caries
resisténce of the individual. The DMF (Decayed, Missing,
Filled, XIEIN et al. 1938) values chosen to indicate the
degree of caries in the active and.resistant groups were not
stated. Protein measurements were by UV absorption which is
inaccurate as uric acid in saliva absorbs at these wavelengths.

Another substance reported to be present in saliva is
the salivary anti-bacterial factor (S.A. factor) of IWAMOTO
and MATSUMURA (1966) which lyses bacteria but is not lysozyme.
GREEN (1966a,b) also reported this., It was thought that the
bacteriolysin in caries-immune saliva was an antibody, with
genetically controlled production. This bacteriolysin has
since been suggested to be IghA, but as salivary IgA does not
fix complement and complement is necessary for bacteriolysis,
it appears to be unlikely. It may lyse bacteria in the

presence of complement and lysogyme as secretory IgA in humen
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colostrum is reported to do (ADINOLFI et al., 1965) but this
might solely be the action of lysozyme. WILSON and GRIZEN
(1963) have also reported on differences in salivary gland
function between "caries-immune" and "caries-active" persoﬁs
which suggested that genetic differences in these groups
~caused differences in immuncglobulin production. GEDDES
(1972) failed to demonstrate this bacteriolysin, perhaps
because it was thought to be bound by susceptible bacteria
and not released till_after cell lysis, its presence may be
the result of, rather than the cause of low lactobacillus
counts, as there are too few organisms in "caries-free" saliva
to remove it completely.

Tn 1962, KRAUS and SIRISINHA reported no statistical
difference in gamma globulin levels in parotid saliva
depending on the carious state of the individual; tTheir
experimental criteria were not clearly defined. LEHNER et al.
(1967) found significantly higher serum IgA titres, and
- lower IgA levels and relatively lower clearance rates in the
saliva of"caries-prone" individuals compared to relatively
"caries-resistant", Their experimentél criteria were clearly
defined (although "caries—free" DMF values were high) and
the éontrol and experimental groups were matched for age and
sex. These results implicated the role of salivéry IgA in
the control of caries-immunity.

SHKIAIR et ale. (1969) found no significant differences
in IgA content of whole and parotid saliva of "caries-free"
and "caries-active" subjects matched for age and sex. The
former had no decay or a IMF of O and the latter had extensive

decay with at least 7 open lesions. IgA in "caries-free" gave
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increased leukocyte opsonisation of cariogenic streptococci
'in vitro!'! and they concluded that this resulted from their
being more non-specific, and the possibility of an immuno-
globulin causing caries-immunity was mentioned but not
pursuid. This was an extension of the wbrk of FRIEIMAN and
TONZETICH (1968) who investigated the relationship of oral
leukocytes to caries incidence? evaluated on the basis of
leukocye enumeration, disintegration and glucose metabolism.
The Ieukocytes did not Significantly enhance rate of glucose
oxidation or whole saliva or salivary fractions.

In 1968, KENNEDY et al. reported om a controlled trial
to examine serum antibody levels to cariogenic streptococcl
in humans. They differentiated between "caries-free" and
"caries-active" by means of very rigid criteria and Included
a guestionnaire on the subjects' oral case history; there
was no significant difference in this between the two groups.
Only a slight difference in antibody between "caries-free"
and "caries-rampant" was found and the protective effect of
serum antibody only suggested by the data., The resistant
subjects must have been previously exposed to the organisms
because of théir existing high circulating antibody titre;
oral and other streptococei also have cross-reacting antigens,
which might result in these serunm titres.

ZENGO et al. (1970, 1971) studied saliva in human caries
resistance; parotid and sub-mandibular saliva were used from
radiographically and clinically confirmed "caries-resistant"
adults (no cavities or fillings) and an equal number of
susceptible individuals (15 or more IMF). There was a

statistically significant increase in Igh and albumin levels
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of sub-mandibular saliva of the resistant persons; other-
wise there was no difference and their results throw doudt
on the sole use of parotid saliva in the study of immunity
to dental caries in humans, increased. levels of igA in whole
saliva perhaps coming from the sub-mendibular glands.
c) Summary: Due to differences in controls and experimental
methods, evaluation and comparison of results is difficult.
No account of the involvement of caries appears to have been
made in the study of periodontal disease, and vice versa.
Patient surveys are only of use if the limits of the study
are clearly defined.

Not all aspects of'study on human periodontal disease
and dental caries can be 1nitially carried out on human
subjects, eg. immunization, therefore some use must be made

of laboratory animals,.

ANTMAL SALIVARY STUDIES

CEBRA and ROBBINS (1966) studied the rabbit secretory
system with reference to colostral IgA. Further studies by
GENCO and TAUBMAN (1969) have indicated that Igh, IgG and IgM
are all present in rabbit saliva, with IgA predominating,
although by DEAE analysis, IgG appeared first in the
secretion, invrelétion to animal age.

VAEREMAN and HEREMANS (1969) have shown that IgA is the
predominant immunoglobulin in caﬁine milk, Saliva, tears,
hepatic bile and intestinal fluid, whilst BISTANY in his work
with TOMASI (1970) has reported that rat IgA is the equivalent
of Human IgA, though a secretory piece could not be identified.

The method of saliva collection and concentration value were



39.

not stated and the system of measurement may not have been
sufficiently sensitive to detect secretory piece, therefore
its existence cannot be discounted.

Hamster immunoglobulins have been studied by BIENENSTOCK
and BLOCH (1970). They found Igll and IgA in serum, based on
their physio-chemical characteristics. On studying the
immunoglobulins of the Syrien golden hamster secretions,
BIENENSTOCK (1970) could identify IgA in colostrum and saliva
(it being the only detectable immunoglobulin in the saliva)
and in urine. The salivary IgA had no detectable antibody
activity, but this was probably duvue to its being a local
secretion and the animais were only immunized parenterally.
Igh antibody activity was detected in the serun.

BOWEN (1968; 1969a,b) has experimented with monkeys,
but there has been little reported examination of monkey
saliva, IgA was demonstrable by acrylamide gel electrb—
phoresis (BOWEN and MANNING, 1970).

Measurements have mostly been made of serum antibody
levels in the study of caries and pericdontal disease with
animals, and little attention has been paid to salivary
antibody levels. There is of course, the difficulty of
raising antiserum to the animal salivary immunoglobulins,

once they are isolated in a pure form.

PERIODONTAL DISEASE IN ANTMATS

Both rats and dogs have been used in experimental
induction of this disease. The organism necessary is not
so well defined as with cariogenic streptococci but a

filamentous species eg. Actinomyces sp. has been reported by



40.

KEYES and JORDAN (1964) to be necessary, along with other
types of organisms from the subgingival plague of affected
animals, for induction in hamsters. A high carbohydrate
dietv 1s also necessary.

In 1966, ROVIN et al. initiated periodontal disease in
rats by introducing irritation in the form of silk sutures
between the teeth of both gnotobiotic and conventional rats.
These plus the microorganisms caused the disease and
illustrated the essential role the latter play, for only on
their retention was the disease initiated. Polymorphs were
found to be present in the gingival tissue, but may be a
normal component of ﬁheée tissues, A similar experiment was
conducted by RANNEY and ZANDER (1970) using sensitized
squirrel monkeys;comparable fesults, ih that both local
irritation and microorganisms are necessary to produce
periodontal inflammation, were obtained,

In experimental periodontal disease, inflammation must
be present, otherwise it differs from that of man.. The
mongolian gerblil appears to develop an accumulation of plaque
leading to an inflammatory periodontal disease similar to
the human type; the pathology of its periodontal tissues
are also similar to that of the human, although the coronal
anatomy is different (MOSKOW et al. 1968). The disadvantage
is that its immunoglobulins have not been studied like those

of the other rodents so far experimented with.

DENTAL CARIES IN ANTMALS

It is agreed that to induce dental caries, a cariogenic

flora must be present and a caries-inducing diet fed, whether
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the animals are conventional, have their indiginous flozs
depressed by the administration of antibiotics, or are
gnotobiotic (reviewed by KEYES, 1968)., Certain animal
strains are more susceptible than others, but the challenge
organism must be successfully implanted for meaningful
resultse.

GIBBONS et al., (1966) discovered that human cariogenic
streptococeci are similar to rodent strains, several of waich
synthesise large guantities of capsule-like carbohydrate
from sucrose., Non-cariogenic strains form less, therefore
capsule formation was implicated as being important in the
aetiology of dental caries. KELSTRUP and GIBBONS (1970) have
Turther studied a cariogenic strein isolated from human
dental plaque that synthesises large amounts of gelatinous
plaque deposits, in gnotobiotic rats fed a sucrose-containing
diet. Alveolar bone loss occurred along with dental caries,
the site of which depended on the type of diet fed.

BLACIZORE and GREEN (1970) have emphasised that gnoto-
biotic rats are of more use in the study of animal caries,
because only a short experimental period is necessary to
produce fissure caries when the rats are mono-contaminated
with a cariogenic strain; <their use also leads to a
reduction in experimental variation.

BOWEN (1969,a) found that monkeys when implanted with
cariogenic streptococci, had the highest population of these
organisms in the animals with the most lesions. Similarly,
those with fewest lesions had the lower number of organisms,.
In between, correlation of caries and cariogenic streptococci

was not found. However, he confirmed earlier demonstrations



by CUal (1883a,b), COHEN and BOVWEER (1966) and BOWET (1S58)
hat monkeys are useful experimental models caries cou
be induced rapldly without the need for relative grnotobiozis
and tneir results strengthened t%
carics ay be a transmissible dissase in man.

Hamster caries has been discussed by KRAISED and CARLIZ0H
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(187C); their results on the caries~inducing ef.”

nunierous sirains of strevntococel illustrated the limitations
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of tha ernimal caries models when studvin ne role of various

)

microorganisms in human caries and emphasised Fhat the terms

"caricgenic! and "non-cariogenic" organisms shouvld only bLe
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usea with reference to specific animal experiments to awoid

confusion.

IN ANTMALS

A cariogenic diet is a prerecguisite for studies on
bacterial imwnlantation in dental caries (XEYES, 1564;
KRASSE, 1865; SHARAWY and SOCRANSKY, 1867; ¥3YES, 1968;

BAFY et al. 1969; BOWEN, 196%a,b; BLACKIMORE and GREZYN, 1S70;
GUGGERTEIM et al. 1970; KELSTRUP and GIBRONS, 1970; IRASSE
and CARLSSON,1970; TAKZER et al. 1970; GAFFAR et al. 1970,
1971, and HAMKCED, 1S871) and periodonﬁal disease (KIZYES and
JORDAN, 1964; JORDAY et al. 1965; GIBEONS et al. 1966;

RAVSKY, 1967; SOCRANSKY et al. 1970, and
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LRASSE (196%) studied the diet necessary for implantation
of cariogenic streptococci in heamsters, concluding that &
standard powdered caries test diet was necessary for

implantation and recovery of the organisms. Different
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supplenents enhance the growth of different organisms eg.
BOWEN (1969,b) favoured a high sucrose diet for the
streptococecl he implanted in monkeys, whereas KRASSE (1965)
favoured either lactose or sucrose for the hamster died.

It is also an aid to recovery of the implanted bacteria,
when a particular characferistic for identification is
employe@ such as the resistance to Erythromycin exhibited by

Strep. mutans OMZ 176E, used by GUGGENHEIM et al. (1970) in

thelr rat studles.

ANTNMAT, TMMUNTZATION

NASH et al. (1969) immunized germfree 03H mice (3-4 months
0ld) with Ferrifin, by different routes. Orally stimulated
mice produced IgA antibodies mainly, by local stimulation
of the.gut, whereas intra-peritoneal and sub-cutaneous
injections resulted in IgG apart from a little Igl. Repeated
injeotions increased immunoglobulin but not necessarily
specific antibody levels i.e. more non-specific antibody is
produced on repeated immunization., FAHEY and COOPER (1970a,D)
attemptea oral immunization of Swiss-~Albino mice in
experimental Salmonellosis. Intra-peritonial immunization

with temperature-sensitive mutants of Sal. enteritidis

(TSF-19) gave protection against oral challenge of

Sal. enteritidis; oral immunization also gave protection.

Therefore local immunization produced secretory antibody at
sites, other than injection sites, in sufficient quantity to
protect against lethal doses of related organisms. This may

well work for other antigens.
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DOLEZEL and BIENENSTOCK (1971) examined the cellular
and serum antibody response to oral and parenteral
immunization of hamsters with Bovine Serum Albumin (B.S.h.).
Their results suggested that the route of immunization and
antigen distribution influences the commitment to Igh anti-
body synthesis; also extraintestinal IgA synthesis may
result from investinal tissue dissemination.

On immunizing rabbits with Strep. sanguis, CARLSSON and

KRASSE (1968) found that sucrose intake lowered the tendency
for plaque Formation due to leakage of serum antibodies into
the mouth via the gingival pocket fluid. BEGLUND et al.
(1969) measured the immﬁne response to bacterial somatic
antigen administered to New Zealand White rabbits via the
oral mucosa, Low doses of antigen given intra-mucosally
produced antibody-forming cells in local lymph nodes., The
cellular infiltrate corresponded with areas of antibody
activity; control sections were negative. Larger doses
also gave a systemic response; intra-venous injections gave
only a systemic response, They concluded that relatively
large amounts of antigen, locally injected, gave a greater
cellular immune response than intra-venous injection;
smaller doses were more effective in producing this response
if administered intra-venously.

GENCO and TAUBMAN (1969) executed a number of experiments
in relation to stimulation of local sécretofy antibody by
local immunization., They pointed out that the antigen used
is important as anti-ferritin antibody was not detectable in
+rabbit colostrum after local immunization (CEBRA and ROBBINS,

1966)., They elecited a local secretory IghA response to
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DiP-bovine gamma globulin injected in the memmary gland;
injectlon in fooitpads did not produce secretory Igh in'
colostrum. They carried out further experiments in 1971, by
immunizing the mammary glands of rabbits with Group A
streptococcal carbohydrate, which resulted in specific Igt
antibody in the colostrum.

BALL and TROTT (1971) measured humoral antibody after

' in rabbits.

intea-gingival injectiong of B.S.A. and E. coli endo%011gk'~

Only serum antibody levels were measured and there were no

oQ

ontrols. As expected, The initial IglM response was followed
by IgG (time varied with antigen), and repeated injections
gave a plateau of imm~ndglobulin levels (cf. NASH et al. 1969);
From the evidence cited above, it may be concluded That
local antibody production can be stinulated by the injection
of a suitable antigen (of correct dose) in a suitable site,
though time and type of responses vary with the antigén,

gsite, and species of animal,

ANIFAL TIMRUNIZATION IN RELATION TC CRAL DISEASE

There appears to be no reportbof attempted immunization
against periodontal disease, in the literature. There have
been a number of attempts at immunization against caries in
laboratory animals.

SWEENEY et al. (1956) gave fortnightly sub-cutaneous
injections of gamma globulin to carieS—suscéptible ratvs
(Harvard strain). The gamma globulin was from caries-
resistant Harvard rats, but it was ineffective in inducing
caries resistance, and this indicated that it is a property

that may not: be conferred from one rat to another by passive
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immunization.

WAGNER (1967) reported that gnotobliotic rats which had
been fed a cariogenic diet and immunized against Stren.
fazcelis showed decreased caries activity when compared with
non-immunized controls., It was suggested that this might
be due to the protective effect of antibodies secreted into
the saliva and in his thesis conclusion (1966) he stated
that control of dental caries may be'possible through
immunization.

GUGGENHEIM et al. (1969) used Osborne-liendel rats, some
of which had the indiginous flora initially depressed %o
find the effect of immunization against a’cariogenic Strepn.
mutans OMZ 176 (the ones with the depressed flora were
infected with the Erythromycin resistant strain OMZ 1756E) or
glucosyl transferases, on placue formation and dental caries.
The vaccinated rats (injected in the tail vein) gave |
precipitating antibodies against the streptococei, buﬁ
antibodies could not be detected against the enzymes. Six
sera, chosen at random, had complement-fixing antibodies.
The animals kept in relative gnotobioéis had less placue and
lower caries incidence, but it could be concluded that intra-
venous immunization does not alter the caries activity of
rats with indigenous cariogenic flora; there was smooth
surface caries in all. Salivary antibodies were not studied.

NRI weanling rats were immunized intraéperitoneally by
BAHN (1969) with an extract of the culture fluid of the
cariogenic streptococcus strain FA-1l, which contained
dextransucrase activity. ~The rats were prepared for oral
microbial challenge with antibiotics. The immunized rats

had significantly less caries than the non-immunized, 112 days
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alter challenge. TAUZER etv 2l. (21970) showed an inability
to dlmmunclogically protect Osborne-llendel rets azainss
nooth-surface caries on immunization sub-cutaneously with

Stren. mutens (Streptomycin-resistent) even though high

humoral antibody titres were detected, WAKANO and SAITO
(1870) pointed out thet if experimental mice were already
inTected there would be an alitered response to the immunizing
azgent if different from the infecting agent,

GAFFAR et 2l. (1970) heve worked with weanling golden
hanmsters (FIDR sirain), 411 hamsters in the experimens were
parvially gnotobilotic and they and ithe coatrols were fed =
Iiitchell's cariogenic diebt. Those animals immunized with
Tormelin-kilied streptoccccus plus Freunds Complete Adjuvant

and inoculated with the same organism had s 687 reduction in

caries compared to the non-immunized inocculated group which

¥

hed a 55% reduction in caries compared to the non-inoculated,
conventional hamsiers. The inoculation site was not siated.
In 1971, experiments on intra-peritoneal immunization of
weanling golden hamsters (FIH strain) wi%h»dextransucrase

and inoculetion with Strev. mutans did nov result in &

reduction in caries compared to the non-immunized groud.

ol
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Both groups were fed the cariogenic diet and had th

depressed before inoculatiocn., Serum and salivary antibodies
were produced that irhibifed the 'in vitro! production o©
the polysaccharide by the enzyme, therefore antibodies may
affect the catalytic site of The enzyme.

BOVEN (1969,b) used monkeys for the induciion of

rempant caries because the carious lesions produced in these

aninals is more similar to that of humans than those produced

-
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in other experimental animals. He (1969,a) infected young

nonkeys with Strep. ingbritt; they were partially gnoto-

biotic due to Erythromycin in their drinking water for 12
months. Other, older monkeys were infected with a dextran-
producing streptococcus and both groups were fed a diet
containing 15% protein and 18% sucrose. Caries took longer
to develop in the older monkeys (both fissure and smooth
surface caries developed) but caries could still be produced
rapidly without resorting to partial gnotobiosis. He also
found that after 18 months, those monkeys that had been
vaccinated prior to infection with a known streptococcus,
showed 80% less carious activify than the unprotected monkeys.
Though only 6 monkeys were used and no salivary antibody
titres were recorded, it may be concluded that the reduction
in caries might be due to immunization in this case.

It appears, therefore, that in carefully controlled
conditions, the local orél immune response may be stimulated
into antibody production., The role of the antibodies and

@
tissue responses is still speculative as is the true success

of the immunization procedures employed.

CONCLUSION FROM LITERATURE REVIEW AND SUMMARY
OF AINMS OF PRESENT THESIS

The long term aim of the present research\was-to
investigate the feasibility and effectiveness of immunization
as a preventive measure against oral disease.

Keeping in mind the information gleaned from the survey

of the literature, a survey of the immunogiobulin levels in
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patients suffering from periodontal disease and an investigation

into fthe production of local immunity in the mouth using

small laboratory animals were undertaken. Preliminary work
was carried out in order that the results of the main
investigations might be more meaningful, and as a resuly,
the report of the experiﬁental work mey be classified into
the five sections stated below.

a) The‘effects of different methodsvof concentration on
inmunoglobulin and total protein levels in stimulated,
mixed, human saliva.

v) Immunological studies on humen salivary albumin.

c) An investigation into the salivary and serum IghA levels
of patients suffering from different types of
periodontal disease.

d) The effect of implantation of cariogenic streptococci
in the rabbit mouth.

e) Studies on the local immunization of rabbits.
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HE ZFTECTS OF DIFFERINT METHODS COF
COIICENTRATION ON IMKUHOGLOBULIN AXD
TOTAL PROTEIN LEVELS IN STIMULATED,

MIXED, HUMAN SATIVA.

The comparison of the results of immunoglobulin

estimgtions from different laboratories is now generally

H

ealized to be unsatisfactory (ROBBINS, 1963). Difficulty
occurs in salivary immunoglobulin measurements because of
the small quantities of these substances in the secreiion.
Tnerefore egquivalent methods of collection, concentraticn and

stimation compared to a common standard must be used Ffor =

[¢]

satisfactory comparison.

3-

S5

As 1little is known concerning the induction of an

Ual

bodies in saliva it was felt that data on concentration of
saliva was an essential prereqguisite to the experimental

rozramme, Collection of saliva from experimental animals

o

o]
-

involved stimulation by intra-peritoneal injection of
pilocarpine hydrochloride with the concomitant disadvantage
of dilution (MANDEL and KHURANA, 1969); this was necessary
to0 collect sufficient amounts for analysis. To obtain bhasic
data therefore, stimulated, mixed, human saliva was selected
for the experiment as it can readily be obtained in
sufficient quéntities to allow adequaté experimental design.
Several problems arise in attempting to obtain a
homogeneous sample, due to differences in the salivaxry
glands of the people from whom the saliva was collected, the
time lag between eating and saliva collection, the individual

degree of stimulation necessary to produce a satisfactory
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flow rate to collect a sufficient sample within a reasonable
time and the oral health of the individual. The latter two
factors are important as with intense stimulation, the flow
rote increases markedly but the protein and immunoglobulin
content decrease (MANDEL and KHURANA, -1969), and if the
gingival tissues are inflamed, immunoglobulins from the
crevicular fluid leak into the saliva (BRANDTZAEG, 1966).
Intense stimulation aver a period of time longer than 30
ninutes, 'tires' the glands (JENKINS, 1970). DPooling samples

should, however, have evened out these differences.

FMATERTALS ANVD LETHODS
" Collection of human saliva-

Mixed humen saliva was stimulated with 5% Citric Acid
and the secretion collected over ice. It was stored at 4°C
until sufficient had been collected and was then pooled and
centrifuged at 15,000 rpm (27,000g) for 40 minutes at 4°C to
remove microorganisms and epithelial cells. The supernatgnt
fraction to be used was stored at 4°C and that not for

. o
immediate use was frozen at -20°C.

Dialysis of saliva-

Dialysis tubing (3cm in diameter) was washed overnight
in distilled water. The saliva supernatant was then dialysed

against several changes of distilled water at 4°C for 24

hours.

Concentration of saliva-

A minimum number of 12 aligquots of saliva were concen-
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trated by each method specified under the different neadings.

a) Ivophilisation: 2x100ml, 1x50ml and 1x10ml amounts of the

dialysed saliva supernatant were placed in lyophiliser
flasks and shelled in a mixture of dry ice and acetone. The
saliva was then evaporated to dryness under vacuum and
reconstituted with distilled water to aliquots of 1ml, apart
from the contents of one flask which were reconstituted to
the original volume of 100ml. |

b) Ultrafiltration: 2x100ml, 1x50ml and 1x10ml amounts of

saliva supernatant were placed in an Amicon cell (Scientific
Systems division, Amicon Corporation, 21 Hartwell Avenue,
Lexington, Massachusetts 02173, USA) with a UM-20membrane

and concentrated to lml under a positive Nitrogen pressure

of 40-50psi at 400; as much saliva as possible was recovered
from the membrane by washing with minimal amounts of distilled
water, The membrane was thoroughly washed with distilled
vater between the concentration of different saliva samples. .
One 100ml amount reduced to 1ml, was reconstituted to the
original volume of 100ml.

c) Polvacrvlamide gel: The appropriate amounts of ILyophogel

(Gelman Instrument Co., packed by Hawksley and Sons, 12 Peter
Road, Lancing, Sussex), calculated by determining the volume
of fluid to be removed and dividing by five to give the
weight needed, were placed in 1x100ml, 1x50ml and 1x10ml
aliquots of saliva supernatant, and after 16 hours at 400
the resulting lml aliquot in each case, was transferred to a
sterile serum bottle.

Controls of Kabi Gamma globulin (Kabi Pharmaceuticals

Itd., Bilton House, Uxbridge Road, Ealing, Loundon, W.5.) and
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Chymotrysinogen (Miles-Seravec (Pty.) Itd., Moneyrow Green,
Holy-port, Maidenhead, Berks., England) were also

concentrated as described in a) and b).

Reconstitution of Lyophilised saliva in Disodium
Sthylenedismine tetra-acetate, (EDTA) (DAWES, 1963%)-

a) O.1lg EDTA was added per 100ml of saliva before dialysis
and lyophilisation.

b) Ol.g EDTA was added per 100ml of saliva after dialysis
and before lyovhilisation.,

c) The saliva was reconstituted in 0,1M Veronal Buffer,

PH 8.6, containing 3g or 10g of EDTA/litre.

Quantitation of protein-

This was carried out by the Lowry method (LOWRY et al.
1951) using Chymotrysinogen in the appropriate range of
dilutions, as standard. The averagerf a minimum of two
values for each estimation was made; those results outwith

4% of the average, were repeated.

Cuantitation of immunoglobulin-

The technique of Radial Immunodiffusion (SRID) of MANCINI,
CARBONARA and HEREMANS (1965) was used to measure the IgA
and IgG in the saliva and also‘to measure the IgG in the
standard Kebi Gamma globulin solution; the diameter of the
precipitin ring being related to the aptigen concentration
used.

2g Oxoid ‘'Ionagar' no.2 (Oxiod ILtd., Southwark Bridge
Road, London, S.E.1) plus 0.1% Thiomersal was dissolved in

Iichaelis diethyl barbiturate buffer, prepared by adding
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14,8ml of O0,1F HCI to 100ml of 0.1} Barbitone Sodiun, with
the pH adjusted to 8.6 with 0.1 NaOH or 0.1N HC1. O.lSml

of tvhe appropriate Hyland antiserum (Baxter ILaboratories Ltd.,
Thetford, Norfolk, England) (tested to check the appropriate
heavy chain specificity by Immunoelectrophoresis against
normal human serum) i.e. goat anti-human serum IgA (o< chain)
or goat anti-human serum IgG ( ¥ chain) which had been
brought to 48°C in a water bath was added to 3ml of molten
agar (cooled to 50°C) and the mixture flooded over a clean
glass slide., Both lmm and 2mm wells were punched in the
solidified agar. Sensitivity of the lmm wells was found to
be poor although they réquired.less antigen, due to difficulty
in filling the wells and reading the resulis accurately. A
wider range of correlating results over more than one
estimation was obtained from 2mm wells. A mean of at least
two readings was taken for each sample using a calibrated eye
piece, after enhancing the rings by the addition of 1% Tannic
acid to the plates. Those values that were outwith a 3%
limit of the mean were repeated. Hyland Immunoglobulin
standards were used to obtain a standard curve and these were
later calibrated against the MRC Immunoglobulin standards
(World EHealth Organization International Laboratory for
Biological Standards, Division of Biological Standards,
National Institute for Medical Research, Mill Eill, London,
N.¥W.7). The standard curves were obtained by plotting
diameter of the precipitin ring in mm against concentration
of the reference immunoglobulin in mg/100ml on semi~-logarithmic
graph paper. The lowest value of standard immunoglobulin
that could be measured with a deviation in result no greater

than 3% was 0.5mg/100ml. Lower concentrations lncreased the
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inaccuracy of the measurements.

Inmunoelectrophoresis—

This was carried out, using Shandon equipment, by thé
method described in the manufacturer's manuals (Shandon
Scientific Company Ltd., 65 Pound Lane, Willesden, London,
Ii.W.,10)., The electrophoresis gel consisted of 1% Ionagar
in 0.025M Barbitone/Acetate Buffer, pH 8.6, incorporating 1%
Sodium Azide as a preservative. The wells punched in the
agar with the standard punch were filled with the sample and
a few grains of Bromophenol blue (G.T. Gurr ILtd., Coronation
Road, Cresswick Industrial Estate, High Vycombe, Bucks.,

- England) were added to one well to monitor the speed of
electrophoresis, After electrophoresis (using 0.1M Barbitone/
Aéetate'Buffer, pH 8,6 plus Sml 5% Thymol in Isopropanol/
litre as preservative in the tank) at 10V/cm for 1.0-1.5 hours,
the troughs were filled with antiseruﬁ (Hyland) and diffusion
allowed to take place in & moist atmosphere, at room
temperature, for 48 hours. Cooled, molten electrophoresis

gel was poured over the plate to prevent distortion of the
troughs before the slides were dried at 3700 and stained by
triple protein stain (CROWLE, 1961) and mounted in Harlicot

Synthetic Resin (Kodak ILtd., Kirkby, Liverpool, England).A'

RESULTS

Estimation of immunoglobulin levels and tofal protein
in mixed saliva:

Centrifugation caused a drop in protein levels as

determined by the Lowry technique, from 70 to 67 mg/100ml,
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probably due to the fact that salivary immunoglobulins
adsorb to the surface of oral bacteria (BRANDTZAZG et al.
1968). There was a further drop to 52 mg/100ml on dialysis,
probably due to a further adsorption to the dialysis membrane.
On measuring total protein concentration, it was noted
(fig.5) that ultrafiltration and lyophilisation give similar
increases in concentration up to 50x reduction in volumne,
the former being slightly more effective, until 100x decrease.
At this final reduction in volume, lyophilisation appeared
to be more effective, perhaps due to fine particles of
undissolved protein being included in the assay. Lyophogel
was ineffective in concéntrating the proteins in the salivary
supernatant but did éffectively reduce the volume.
Measurement of IgA in saliva by quantitative immuno-
diffusion gave the results shown in fig.6. ILyophogel did not
concentrate this immunoglobulin. ﬁltrafiltration concentrated
it to a greater extent than lyophilisation at 100x reduction

in volume.

Gamma (¥ ) globulin estimations-

Tn conjunction with saliva concentration, ¥ globulin
solutions of known concentration (5 mg/100ml physiological
saline) were reduced in volume by the same methods. This was
carried out to determine whether a protein solution,
chemically less complex than saliva, would concentrate in a
linear manner and to give an indication whether other
constituents of saliva might affect the concentration of

immunoglobulinse.

As can be seen in fig.7 ultrafiltration was most




57

effective, giving greater than 50x increase at the 100x
decrease in volume., Lyovhogel was not effective.
Fig.8 shows a similar result with the quantitative

immunodiffusion.

Determination of degree of denaturation-

None of the methods concentrated as effectively as had
been anticipaﬁed and to determine whether lyophilisation and
ultrafiltration actually denatured the proteins in saliva,
solutions of chymotrypsinogen and 4 globulin were reduced
in volume 100x and reconstituted to their original volumes,
as was the saliva superﬁatant. On full reconstitution after
lyophilisation, no protein was lost, as shown in fig.9, but
on recoustitution to a smaller volume and extrapolation back
to the'original volume, the protein values fell. Similar
results were obtained by ultrafiltration. These results
were also paralleled using SRID for measuring Igd and IgG in
the concentrated and reconstituted saliva supernatant and
the solution of &§ globulin.

The addition of EDTA to the superngtant either before
or after dialysis, before lyophilisation or ultrafiltration
or reconstitution of the freeze-dried material in Veronal
buffer containing EDTA, did not result in increased concen-—
tration. Addition of EDTA after dialysis but before concen-
tration gave the best reconstitution value; being the same

as that obtained without addition of EDTA whereas the other

results were lower.
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®inal analyses-—

Final concentration values for thelsamples analysed
and quantitated are shown in Tables 3 and 4.

Figs. 10a and b demonstrate the normal electrophoretic
mobility of serum proteins including IgA and IgG. After
saliva concentration, IgG was checked by immunoelectro-
phoresis to determine whether it had altered properties
(fig.1l). Apart from a slight increase in intensity of the
precipitin band, neither concentration by lyophilisation nor
ultrafiltration appeared to alter the electroﬁhoretic mobility
of immunoglobulins.

Figs., 1l2a, b and CAillustrate the proteins detected in
normal, concentrated human saliva (concentrated by either
lyophilisation or ultrafiltration) by the immunodiffusion

technique.
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Fig.5. Concentration of human, mixed saliva supernatant
(sup) by Iyophilisation, Ultrafiltration and

. Polyacrylamide gel; measurement of total protein

by Lowry.
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Tig.6. Concentration of human, mixed saliva supernatant
(sup) by Lyophilisation, Ultrafiltration and
Polyacrylamide gel; measurement of IgA by SRID.
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Fig.7. Concentration of Gamma globulin ( ¥ G) by
Lyophilisation, Ultrafiltrationl and Polyacrylamide

gel; measurement of ¥G by ILowry.
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Figoal

mg/100 ml,

|
. ;

Concentration of Gamma globulin (J G) by
Lyophilisation, Ultrafiltration ang Polyacrylamide
gel; measurement of IgG by SRID.
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Fig.9.

mg/100 ml.
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Protein loss on ILyophilisation. Measurement
of total protein in the three sémples by Lowxry
after Lyophilisation and partial reconstitution

(concentration) and full reconstitution to the

original volume,
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TABLE 3. IOTAL PROTEIN CONCENTRATION - LOWRY EBSTIMATION

LYOPHILISATION ULTRAFILTRATION
Reduction in volume 10x 50x 100x 10x 50x 100x
Chymotrypsinogen 6x  20x 57x 6x l4x 26x%
Gamma globulin 6x 20x 38x || 10x 26x 52x%
Saliva 5.5%x 14.5x 36x || 7.5x 16x 30x

CONCENTRATION VALUES

TABIE 4. IMMUNOGLOBULIN CONCENTRATION - OSRID

LYOPHILISATION‘ ULTRAFILTRATION
Reduction in volume 10x 50x 100x 10x 50x 100x
IgG in Kabi Gamma globulin |2.5x 9x 19x || 7.5x 27x 50x
Salivary Igh 2.5 3.5x 6x 3x 8x 16x
Salivary IgG 3x Tx 17z 5x 15x 30x

CONCENTRATION VALUES
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DISCUSSION

The purpose of this series of experiments was to
evaluate several possible methods of saliva concentration
and, if possible, to develop a reproducible, effective
method., An additional objective was to ascertain if salivary
protein and immunoglobulin concentrated in a linear manner
following volume reduction. A number of previous workers
have apparently assumed a parallel increase in concentration
of the protein with volume reduction (TOMASI and BIENENSTOCK,
1968; MANDEL and KHURAWA, 1969; BRANDIZAEG et al. 1970 and
ZENGO et al., 1970) although LEHNER (1969,b) noted that
concentration might not Be linear.

The actual methods of concentration gave different
results and highlighted different problems with respect to
each method used. |

With lyophilisation, difficulty was encountered in
removing all the dried material from the flask wall, and in
reduction to a small volume, not all the dried material could
be re-dissolved, even after dialysing before drying to remove
salts, probably due to a change in the relative solubility
of the proteins. With ultrafiltration, the glyco—proteihs
seemed to adhere to the membrane although there was no actual
solid material, as with the freeze-drying, therefore a large
proportion of the total protein was presumably lost due to
" its being left behind on removal of the concentrate.
Repeated washing with distilled water and reconstitution in
both cases increased protein uptake, but the degree of
concentration (by volume) was inevitably reduced. Repeated

concentration of the same sample was Very time-consuming,
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especially if a large number of samples were to be
concentrated.

ILyophogel was discarded as a useful method of concen-
tration, because although the volume was quickly and
accurately reduced, the protein and immunoglobulin constituents
of the saliva appeared to be adsorbed giving no effective
increase in concentration., |

Although an increase in protein concentratioﬁ equivalent
to the volumé reduction was not obtained, the constituents
did not appear to be denatured, as full reconstitution gave
total protein values almost identical to the original levels.
It was therefore concluded that with both methods of
concentration, the decrease in volume probably affected the
solubility of the proteins.

Both methods showed a'progressive loss of salivary
protein on volume reduction, the loss being much greater with
the whole saliva than a proteiﬁ solution such as gamma
globulin. Concentration of immunoglobuliné in saliva therefore
appears to be complicated by other salivary components.

This was supported by the fact that IgG added to saliva which
was then concentrated and measured by SRID, d4id not concentrate
at the same rate as an IgG solution alone, concentrated and
measured by the same methods. The chdnge in solubility of

the immunoglobulihs may have affected their ability to react

in quantitative immunodiffusion and so may partly explain

the low resultsAusing this method of quantitation. It was
noted that the chymotrypsinogen did not concentratg
satisfactorily by ultrafiltration because it has a molecular

weight of approximately 25,000 and the membrane used, filtered
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substances of 20,000vmolecular weight.or less. Fragments
of the protein molecules therefore, passed through and an |
effective concentration value could not be expected.

A reliable reference standard for quantitation of
salivary IgA would seem desirable (serum IgA was used in the
above experiments and calibrated to the WHO standard for
this immunoglobulin, as was also the IgG) as a portion of it
differs from serum IgA by the addition of a Secretory Piece .
(TOMASI et al. 1965) and this affects its mobility in agar.
Different authors (cited by BRANDTZAEG et al. 1970) have used
different forms of IgA as a standard and this also makes
comparison of results of the measurement of IgA, the
predominant salivary immunoglobulin and therefore presumably
the most important one in combating oral disease, diffieult.

Apart from the observations of LEHNER (1969,b),
previously published work on the concentration of salivary
proteins appears to depend on reduction of volume as being
directly proportional to concentration of immunoglobulins;
as is shown above, reduction in volume is not an indication
of salivary immunoglobulin concentration, therefore care must
be taken in interpreting results stated as "concentration”
value and not "reduction in volume" value, Neither of the
above methods was found to give a very satisfactory
concentration with increasing reduction in volume. However,
it is unlikely that a 100x volume reduction will be
essential for the measurement of all but those substances
present only in trace amounts. Smaller volume reductions
give relatively better protein concentrations and concentrate

the immunoglobulins to easily detectable amounts.
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CONCLUSIONS

The choice of method of saliva concentration must
therefore depend on the substance under examination and its
original concentration. ZExtrapolation back to the original
concentration must be avoided aé:

a) concentration of individual immunoglobulins does not
parallel either total protein concentration or volume
reduction, and

b) neither total protein nor individual immunoglobulins

concentrate linearly.




CHAPTER 4.

TITUNOLOGICAL STUDILS OF HUMAN SALIVARY
ALBUIIIN.

IVTRODUCTION

Further’investigations into the‘nature of salivary

albumin seemed wsrranted because of some anomalous results

hat were observed by the author, on routine electronhoretic
analysis of human saliva against anti-human serum and snti-
mixed saliva preparations. They emphasised the disparity in
" the revorts of earlier investigations, including that of
ELLISON et al. (1960) and SIMOES et al. (1964), which is
outlined in Chapter 2, pages 17 and 18.

Although no direct correlation has been previously
reported between serum and/or salivary albumin and oral
diseases, this work is included because of the relevance of
the conclusions that may be drawn from it, to the studies

on local immunization (Chapter 7).

IMATERTALS AND METHEODS

Collection, dialysis and concentration of human saliva-

The saliva used in this series of experiments was
collected and concentrated in the manner described in the
previous chapter (with the exception of polyacrylamide gel

concentration). ‘ =

Quantitation of albumin and IgA in saliva-

The albumin and IgA contents of the saliva preparations
were'determined by SRID, as described in Chapter 3, p53. The
antiserum used was Hyland rabbit anti-human plasma albumin

serum and Hyland goat anti-human IgA.



76,

Adsorption of saliva with anti-human plasma albumin serum-—
A mixture containing 1 volume of mixed saliva (protein

concentration 35mg/ml), 1 volume of 0.85% (w/v) saline and

2 volumes of rabbit anti-human plasma albumin serum (Hyland)

was incubated in a water bath at 45°C for 3 hours. After

centrifugation at 13,000rpm (12,000g) for 1 hour at 4°C, the

supernatant was removed and stored at -20%¢.

Preparation of rabbit antiserum to concentrated, human,
mixed saliva-

(1) 0.5ml of concentrated saliva (protein concentration,
10mg/ml) together with 0.5ml 0,85% (w/v) saline emulsified
in 1ml Freunds Complete Adjuvant, was injected intra-
muscularly into each of 4 sites in male Californian rabbits
once a week for 5 weeks. Serum was collected 1 week after
the last injection of saliva and was termed rabbit anti-
serum 02-70.

(ii) This was prepared by Dr. J.A. Beeley, Departments
of Oral Biology and Biochemistry, University of Glasgow.
The method used was as follows; 1ml of an emulsion
containing equal volumes of concentrated saliva (protein
concentration, 20mg/ml) and Freunds Complete Adjuvant was
injécted intra-muscularly into each hind leg, and 2ml
distributed simultaneously over the backs of each of 2 male
Dutch white rabbits; after 28 days, 1lml of coﬁcentrated
saliva (protein concentration, 5mg/ml) was injected intra-
peritoneally. Serum was collected 1 week after the last
injection of saliva and that selected for use after |
appropriate testing was termed rabbit antiserum no.552 and

no.564,
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Determination of antigenicity of IgA in- saliva-

This was carried out by the method of WORK and WORK
(1969). The saliva used to develop rabbit antiserum 02-70
was diffused against this antiserum in conjunction with a
78 Hyland IgA standard (calibrated with the WHO standard)
on standard immunodiffusion plates. The titre of anti-IgA
in antiserum 02-70 was calculated as the last dilution of
antiserum that produced a precipitin arc with the concentrated
saliva; +that arc giving a reaction of identity with the IgA

standard.

Immunoelectrophoresis=—

This was carried out as described in Chapter 3, using
aliquots of the mixed saliva preparations previously employed

for antiserum production.

Immunodiffusion-

0.3% Oxoid 'Ionagar'® no.2 (0.,lg/33ml distilled water)
was layered onto alcohol-cleaned 2"x2" glass slides and
allowed to solidfy under cover to prevent dust settling.
Plexiglass templates (with six 2mm or lmm wells equi-disfant
from each other and a centre well by 4mm or lmm respectively)
were placed on the agar surface and the slides placed on a
hotplate at 4500 for a few seconds to allow condensation to
occur on the undersurface of the templates. Approximately
1ml of 1% 'Ionagar' (0.1g/10ml 0.85% (w/v) saline) incorpor-
ating a 1:10,000 dilution of merthiolate as a preservative,
was flooded under the template, care being taken to avoid the

production of air bubbles, and the slide removed from the hot
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plate. The wells were filled with the reagents within 30
minutes of solidification of the agar and diffusion allowed
to occur for 24-28 hours in a moist atmosphere at room
temperature. The purified human plasmavalbumin used in this
test was obtained from Hoescht Pharmaceuticals Ltd., Kew

Bridge, Brentford, Middlesex.

RESULTS

Immunoelectrophoretic analysés—

A comparison of the immunoelectrophoretic pattern
resulting from using mixed saliva and anti-plasma albumin
serum with that using human normal serum (fig.l3a) confirmed
the presence of plasma albumin, or at least a protein bearing
considerable immunological resemblance to plasma albumin in
saliva; as previously reported (ELLISON et al. 1960;

STOFFER et al., 1962; LEACH et al. 1963; SIMONS et al. 1964;
BRANDTZAEG, 1965; MASSON et al. 1965 and STROBER et al. 1970).
However, a sharper precipitin arc was obtained in the case of
salivary albumin than plasma albumin, an observation also
made elséwhere (BRANDTZAEG, 1965 and MASSON et al. 19651,

but this might have resulted simply from differences in:
concentration of the albumin.’

Immunoeleétrophoresis of mixed saliva with anti-mixed
saliva serum, resulted in the appearance of several arcs,
including a single arc in the albumin region (fig.l3b). On
immunoelectrophoresis of normal human.serum with anti-mixed
saliva serum however, no arc in the albumin region was
observed (fig.13b). 2, 10, 50 and 100 fold dilutions of

normal human serum gave the same result. Accordingly, this
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anomaly was investigated further. Fig.l3c shows the
immunoelectrophoretic pattern which resulted from reacting
mixed saliva with anti-mixed saliva serum and anti-plasma
albumin serum. The arcs produced in the albumin region |
clearly cross each other in a reaction of non-identity.
Mixed saliva was then adsorbed with anti-plasma albumin
serum in order to remove the component which produced a
precipitin arc on immunoelectrophoresis with anti-plasma
albumin serum. Fig.l3d shows the pattern produced with
mixed saliva Dbefore and after adsorption with anti-plasms
albumnin serum, and shows that femoval of the albumin was
complete. However, on immunbelectrophofesis of the adsorbed
mixed saliva with anti-mixed saliva serum, the pattern was
unchanged @fig.lBe), the arc in the albumin region still
being present. These results are in agreement with those of

SIMONS et al. (1964).

Examination of salivary albumin by double-diffusion-

Immunodiffusion was used as an addifional method‘of
investigating salivary albumin because cellulose acetate
- electrophoresis of salivary proteins also produced a coﬁponent
with the same mobility as plasma albumin, whilst the
component corresponding to plasma albumin on isoelectric
focussing in polyacrylamide gels appears as a sharp band
rather than the heterogeneous groﬁp of bands characteristic
of plasma albumin (BEELEY, 1972). This latter point warrants
further analysis because of diffioulties in this investigative
technique, due to the differences in the molecular size of

- plasma albumin and anti-plasma albumin. However, results
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of a double-diffusion experiment showed - a reaction of
partial, if not tectal identity between plasma albumin and
the albumin-like component of salivary albumin (fig.l4),
although a number of additional bands appeared bétween plasma
albumin and anti-plasma albumin serum, This indicates that
salivary albumin has one identical antigenic determinant
with that of plasma albumin.

These results are'reproducible and independent of the
method of concentration of saliva or of antiserum production
and all preparations correspond to those used in similar

experiments by other workers (including those of BEELEY, 1972).

DISCUSSION

The findings reported by SIMONS et al. (1964) have been
confirmed by the results of the expériments described in this
study, by.showing that anti-mixed saliva serum gives no
precipitin arc corresponding to plasma albumin on immuno-
electrophoresis with human normel serum, Furthermore, in
contrast to the conclusion of ELLISON et al. (1960), the arc
appearing in the albumin region on immunoelectrophoresis of
mixed saliva with anti-mixed saliva serum shows a reaction of
non-identity with the arc formed between mixed saliva and
anti~plasma albumin serum,

From this observation it may be concluded.that either
the arc formed in the albumin region between mixed saliva and
anti-mixed saliva serum does not in fact result from plasma
albumin or that salivary and serum élbumins are immunologically
different. Adsorption of mixed saliva with anti-plasma albumin

followed by immunoeiectrophoresis with anti-mixed saliva serum
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failed to eliminate the arc in the albumin region, therefore
it may be concluded that the arc does not result from the
presence of plasma albumin.

It thus appears that antiserum to mixed saliva does not
contain antibody to whole plasma albumin. Although determin-
ants of plasma albumin are clearly present in mixed saliva
(fig.l3a) they do not appear to be antigenic under the
conditions used here. At present, the reason for this anomaly
is uncertain, as it is unlikely that salivary albumin,
although interacting with anti-serum to plasma albumin, is in
itself non-antigenic, even if it were bound to a non-antigenic
glycoprotein secretory piece. Although salivary albumin may
be less heterogeneous than serum albumin, it does have the
same electrophoretic mobility and double radial immunodiffusion
has confirmed the presence of an identical component in
salivary albumin and plasma albumin (fig.1l4). One possibility
is that of denaturation or ageing with gn accompanying increase
in heterogeneity of the albumin in saliva and/or serum
albumin (SOGAMI et al. 1969; NIKKEL and FOSTER, 1971) during
antigen breparation, thus complicating antibody production
and/or antigen-antibody interactions. |

Another possible cause of these results is that the
plasma albumin concentration of mixed saliva was too low to
cause production of detectable quantities of antibody.

Indeed, the saliva was obtained from volunteers with clinically
healthy gingivae and thus should have contained little

gingival exudate. In addition, the albumin concentration of
"concentrated saliva" does not parallel the decrease in volume

of the secretion, as was reported in the previous chapter with
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salivary IgA and IgG; initial small amounts would therefore
not be increased greatly in concentration relative to total
protein concentration,

It cannot be concluded, however, that the proteins most
readily detected by immunoelectrophoresis are the principal
components of a mixture. The preparations used in these
experiments had an albumin to IgA ratio ranging from about
0.9 to i.8. IgA in the mixed saliva was found however, to
be highly antigenic (titre 1:5,120) using an anti-serum to
serum IgA (7S) although as no anti-11S IgA serum was
available, the titre of secretory IgA in the mixed saliva
could not be calculated. Furthermore, the albumin content of
the saliva preparations was adequate to give a definite
precipitin arc with anti-serum to humap plasma albumin

(fig.l?a).

CONCLUSIONS

Further investigations will be required to clarify this
problem, including an immunological and biochemical comparison
of purified salivary albumin with plasma albumin, for:
although salivary and plasma albumin appear to have an énti-
genic determinant in common, plasma albumin has many more
than the former and seems more antigenic. By making a rabbit
tolerant to human plasma albumin and raising anti-serum to
mixed saliva any antibody to 'albumin' should be fo 'salivary
albumin'; +this arc, if produced on immunoelectrophoresis,
could then be compared to the one at present found in the
albumin region of the mixed saliva/anti-mixed saliva immuno-

electrophoretic pattern, which has not yet been identified.
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Some conclusions drawn from the results in Chapter 7,
however, aid the clarification of this anomaly a little;

see pp. 157-158.

-
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CHAPTER 5.

AN INVESTIGATION INTO THE SALIVARY AND -
SERUM IgA LEVELS OI' PATIENTS SUFFERING
FROM DIFFERENT TYPES OF PERIOCDONTAL DISEASE.

INTRODUCTION

 It appeared necessary to correlate salivary and serum
immunoglobulin levels in patients presenting with acute and
chronic inflammatory lesions of the periodontium and oral
mucosa, in whom the dental caries state was also recorded
simultaneously with their medical history. By doing so,
changes in immunoglobulin levels could be attributed
importance depending on the caries experience of the patient.

Patient immunoglobulin levels were compared to a control
group matched as closely as possible and all results calculated
on the basis of the WHO immunoglobulin standards (ROWE~et al.
1970) to enable correlation of the results with those in
other laboratories.

1

In addition, the survey was undertaken to define the

problems and categories required for such an evaluation.

MATERTATLS AND METHODS

Subjects-

The seriés consisfed of 69 individuals who presented
with different forms of periodontal disease. They were aged
from 9-65 years (mean, 34 years) and were compared to a
control group of 23 individuals aged from 21-55 years (mean,
28 years). They were all assessed as shown in fig;lB. The
Modified Greene and Vermillion Oral Hygiene Index (O0.H.I.)

was used for scoring the mouths (GREENE and VERMILLION,1964).
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The scores ranged from 0.0-3.0 (mean, 0.950) in the patients
compared to the values of 0,0-1.0 (mean,0.246) in the control
group. The average Russell Index (RUSSELL, 1956) for the
mouth was also calculated to indicate the severity of the
disease and the DMF values were recorded., The latter does
not indicate the degree of active caries at the time of
examination but indicates the overall carious experience of
the patient. The broad groups into which the subjects were
classified, the age ranges, oral hygiene indices, the average
Russell values and the IIMF values are shown in Table 5a and
the subdivisions into the different types of periodontal
disease are listed in Table 5b. |

The serum and saliva samples from each patient were
collected at the same time and in the case of those suffering
from an acute condition, the 'convelescent'! samples were
taken 2 weeks after the first visit. The degree of dentai
caries activity was noted when analysing the immunoglobulin
measurements; none of the controls had active caries

although some had a high IIMF score.

Collection of serum-

10m1l of blood was withdrawn from the cubital vein into
a sterile universal bottle, which was placed in a 3700
incubator for 30 minutes before transferring it to the:
refrigerator. When a clot had formed, the blood was centri-
fuges at. 4,000 rpm (200g) for 10 minutes., The serum was

removed and stored in I1ml aliquots at —20°C,

Collection, dialysis and concentration. of saliva-

This was carried out as described in Chapter 3, using
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lyophilisation as the method of concentration., All saliva

samples were decreased in volume 50 times in this way.

Quantitation of Igh in serum and saliva-

The technique used was that described in Chapter 3.
The values of Igh4 in the ‘'concentrated' saliva could be
extrapolated back to their original values in the unconcen-—
trated secretion, if necessary, using the conversion factor
obtained in the RESULTS of Chapter 3 (Table 4). A mean of
at least 2 correlating results (j> 4% difference) was taken

for each sample measured.

Statistical analysis of results—

A Hewlett-Packard Calculator Model T91A (Hewlett-Packard

Co., Hewlett-Packard Ltd., 224 Bath Road, Slough, Bucks.) was

used for the following:

1) To calculate the best straight line through the values
obtained from the known standards by minimising the sum
of the squares of the deviations of the data points from
the line (1éasﬁ squares fit) giving a straight line of
the equation, ‘
Log, concentration = 0.715 x diameter - 0.413, with a
correlation coefficient of 0.973.

This was used as the standard curve for the known
concentrations of IgA.

2) The student 't'!' test which calculates the t value for
the distributions of 2 sets of samples.

3) The t values were then used %o calculate the probability

that the two distributions were the same.
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Age ranges, O0.H.I. values, average Russell

Indices and DMF scores of control and patient

groups.

into its broad counstitutent groups,.

The patient sample is broken dovm

Group |Sex|No| Age |Mean|O.H.I. |iean R.I. | Mean|DMF fMean
Range |Age C.H.I. R.I. DIME
CONTROL |1 |13|21-35 | 26 [0.0-1.0 0.385 |0.0-3.08 |0.68{6-23 |15
7 |10{21-55 | 30 |0.0-0.67Q.167 0.0 0.0 |7-32 117
PATIENT | |35]|17-54 | 32 0.0-3.0 0.965 [0.30-6.0 |2.701{2-32 | 16
SAMPIE F |34] 9-65 | 38 [0.0-0.270.935 [0.0-6.0 |2.65]11-32] 19
ACUTE i {12]18-43 | 24 |0.0-2.010.917 [0.30-3.68|1.78] 2-22 15
F 10| 9-65 | 24 {0.0-2.0 [1.000 {0.0-5.95 {1.99]17-32] 22
ACUTE + |3 | 711941128 ]0.0-3.0{1.286 |0.5-6.0 |2.74] 9-32| 18
CHRONIC | | 5120-38 | 30 0.175_,40.888 |1.48-3.67| 2.79|11-16] 14
cHrRONIC | M |12]17-43 | 28 {0.0-2.5[0.693 |0.52-6.0 | 3.57] 3-32 14
RHEUMATOID| M | 4|38-54 | 46 Not Known
P | 5148-661| 61 " Not Known
KEY: 1 = Male
. F = Pemale

No =-Number

R'I.

average Russell Index score for the mouth”

DMF = Decayed; Missing; Filled, value

'0.H.I. = Oral hygiene index value
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Numbers and categories of test subjects

Presenting within each group.

Table 5b.
Group. Number.
ACUTE 22
male female
12 10
ACUTE + CHRONIC 10
male female
7 . 3
CHRONIC ' 28

'male female

17 11

Categories of disease
in each group.

AUG (including 1 male
patient clinically and
radiologically confirmed
to be fcaries—free'!);
Herpes + AUG; Aphthous
ulceration (including 1
female edentulous subject);

Gingivitis; Other ulceration.

AUG + Gingivitis; AUG +

- Periodontitis; Herpes +

Gingivitis; Herpes +

Periodontitis.

Periodontitis (including
1 female patient with
periodontitis + chronic
herpetic stomatitis);
Herpes; Gingivitis;

Aphthous ulceration.

Key: AUG = Acute Ulcerative Gingivitis.

.
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RESULTS

General Oral Health-

None of the patients in the contrdl sample had active
caries at the time of serum end saliva collection, although
the mean DMF values were very similar to those of the test
group; the average Russell Index scores for the mouth was
much lower for the controls as was expected.

The patients in the 'Chronic' and 'Acute + Chronic?
groups had high average Russell Index scores but the IMF
values for these groups were not higher than those of the
TAcute' group., The avefage Rusgell Index scores showed the
greatest variation in the Ticute' group.

The O,H.I. scores of the control subjects»was also
much lower than those of the~test subjects, whose values did
not show much variation between’the broadly classified groups.

The oral state of the Rheumatoid patients was not
precisely evaluated as it was felt that it would cause too
much distress to the patients, many of them being quite ili.
However, none could be said to have healthy mouths and all
‘had gingival inflammation to a certain extent.

The control and patient groups were quite evenly matched

for age and sex,

Results of the statistical evaluation of the salivary and
serum IgA levels-

The initial results of the immunoglobulin level
estimations carried out by SRID (see fig.l6) in the concen-
trated saliva and serum are shown in Tables 6a,b and c., The

conversion factor to change from MRC units of the WHO standard
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to mg/100ml was Igh, 1 unit = 1.2mg. The IgA values for
salive were based on the serum IgA standard,

The serum IgA values are very high. This is due to
the fact that the diameter of the precipitin rings in some
of the samples waé greater than that of the highest standard
used. However, the same 'least squares fit! 1ine was'ﬁsed
for all estimations and therefore the probabilities will not
be affected by the high values.

Because within each group, some of the samples were very
hign ahd some very low, the saliva and serum levels of
individual diseases within each group were.calculated giving
the results in Tables Ta and b,

The male saliva values showed more deviation from the
control values than did the female saliva; similarvresults
were obtained with the serum values (Tables 62 and b). With
male saliva, quite a high salivary IgA value was'recorded in
the first sample which showed a return to normal as the
condition improved, as did the female in the Acube and Acute +
Chronic conditions. With the serum samples, this result was
paralleléd in the male values, but the female values
continued o fall, A

As shown in Table 6c¢, those values that gave a
significant difference with the male saliva were Acute (1)
with a decrease in IgA, and Chronic, with elevated IgA levels,
The Acute male 'caries—free! salivary IgA was very high in
the first sample but it had returned to a value within normal
limits on recovery. TFemale salivary IgA values showed no
significant differences. Male serum showed a significant

increase in IgA in Acute (1); female serum showed a very
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ScRanD.

AGAR + ANTISERUM
0 0 0 0 0
eg. 2 /1 saliva.0 5 10 25 50 mg/100ml
7 antigen.
0 (0% o {o: {0}

Diameter of precipitin ring is related to antigen

concentrations .

A standard is included in every plate to standardise

the test.

fig.16, Diagrammatic representation of Quantitative

Immunodiffusion.
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TABLE 6a,

IgA values in the 50x Iyophilised séliva of the

different subject groups.

; NMALE SALIVA FEMALE SALIVA

SUBJECT : ,
GRCUPS - Mo § Mean Range S.D. {INo |llean Range S.D.
Control :13 {1.79 277-31.43] T.08 112 112,02 {2.77-31.44] 8.23
Acute(1) 11122.59 | 6.29-38.96{11.63 || 7115.73 | 4.56-37.59] 14.20
Acute(2) 10 {19.40 | 3.95-91.88{26.58 || &|13.16 4.71-27.25] 9.24
Acute+Chronic(1)| 7 {24.23 | 7.52-74.13{23.76 || 3]17.64 |3.95-25.37}11.89
Acute+Chronic(2)] 5] 7.70 | 3.69-11.55| 2.89 {| 3| 9.81 | 7.52-11.55} 2.07
Chronicv 12 [18.58 [11.15=-34.99] 7.26 {{16110.23 | 4.09-27.25§ T7.13
Rheumatoid 4 117,91 | 4.89~31.44111.08 || 5{14.73 4.09-44.95;,17.18
KEY: No = Number of samples in each group

S.D¢ = Standard deviation of the sémple values

(1)
(2)

the first lot of samples taken from that group of subjects

the second lot of samples taken from that group of subjects,

i.e. the 'convalescent' sample

All IgA values are in mg/100ml.
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IgA values in the serum of the different subject groups.

WALE SERUM

FEMALE SERUM

SUBJECT , ,

GROUPS No! Mean Range S.D. No{ Mean Range iS.D.

Control - 13]549.73{113.86- | 297.78 11121690.15 [288.44-  {232.30
1122,15 1044471 ’

Acute(1) 11{969.87|216.69~ 608.46 {110{53%4.69 | 91.69-  |667.70
1851.03 ] 229%.88

Acute(2) 1121539.67(232.75- 1211312 {]10{343.90 | 71.54~ 201.88

. 972.62 . 680.27 |

_Acute+Chronic(1)] 7/593.96]232.75- 285.47 11 31387.52 {113.86- 245.82
905.51 . o . © 58963 L

Acute+Chronic(2)] 4]442.58]151.56- 292,74 1] 21374413 ] 91.88 & {399.16

: ; 843,02 656.38

Chronic 121595.67] 91.88- | 256.25{116{502.29| 4.56-  1433.77
87%.71 1786,02

Rheumatoid 41647.55{873.71~. 69.98 11 511309.15| 268.54- {1049.97
730.67 | 2646451 ,

KEY: No = Number of samples in each group

S.D. = Standard deviation of the sample_values

(1)
(2)

]

]

All

the first lot of samples taken from that group of subjects

the second>lot of samples taken frém“that group of subjects,

i.e. the 'convalescent' sample

IgA values are in mg/100ml.
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Probability values of the means of the different subject

groups compared to the mean of controls. The values are

given for both 50x Lyophilised saliva and for serum IgA

values.

SUBJECT GROUPS

“Acute(1)
Acute(2)
Acute+Chronic(1)
Acute+Chronic(2)
Chronic

Rheumatoid

Key: (1)
(2)

i.e. the 'convalescent' sample
P ef C = the probaﬁility that the values of the subject groups

listed are the same as the values of the control group

Male saliva PFemale saliv% Male serum Female serum

PefC ‘Pef C Pef C Pef C
0.0104 0.4753 0.0384 0.4579
0.3334 0.7759 0.9244 0.0114
0.0920 0.3454 0.7519 0.0668
0.2635 0.6615 0.5375 0.1243
0.0262 0.5459 0.6849 0.1861
0.2034 0.6606 0.5531 0.0625

subjectse.

the first set of samples taken from that group of subjects

the second set of samples taken from that group of subjects,

A P value of less than 0.0500 is significant.
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TABLE 7a.
Combined lMale and Female salivary IgA values from 50x
Lyopnilised saliva, compared to those of the control

group, specifying the different types of disease within

the groups. *The values of IgA are in mg/100ml.

SUBJECT GRCUPS Noi liean® Range* S.D. P,
Control 251 11.89] 2.76-31.43| 7.49 -
ACUTE (1)
AUG' 8 19071 5.26"37059 10.81 00028
Herpes 5112.03} 4.55-31.43 ] 11.43]0.975
‘Herpes+AUG 2133.59128.248&38.95 T57i 0.0006
Aphthous ulcers 2134.51131.43&37.59| 4.35!0.0003
Calculus formation 11 4.55 - - 10.346
ACUTE (2) -
Herpes 5113.41] 5.26-25.36| 7.35]0.6827
Herpes+AUG 21166441 5.65827.24 | 15.26|0.443
Aphthous ulcers 27 T+10} 4.89&9.32 5.13]0.387
ACUTE+CHRONIC (1)
AUG+periodontitis 4119.44110,75-29.26 | 9.24{0.080
Herpes+periodontitis; 1{ 3.95 - - [0.309
Herpes+gingivitis 1{74.14 - - | 23%x1077
ACUTE+CHRONIC (2)
AUG+gingivitis 4] 8.94| 3.68-11.551 3.71]0.451
AUG+periodontitis 21 Te13| 6475&7.52 0.54]0.386
Herpes+periodontitis| 1{10.37 - - [0.905
Herpes+gingivitis 11 7.52 - = 104572
CHRONIC
Periodontitis 17 115.04| 4.09-34.99 | 9.2010.230
Herpes 2 113.43| 4.89821.98 | 12.08]|0.788
Aphthous ulcers 2 117+16[11.55=22.78 | 7T.94|0.349
RHEUNMATOID 9 [16.14| 4.56=31.43 | 14.01/0.261"

KEY: No = Number of subject samples
S.D. = Standard deviation
AUG = Acute ulcerative gingivitis
P. = probability that the means of the patient samples in the
different groups are the same as the mean of the control
samples; P less tham 0.0500 is significant.
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TABLE Tb,
Combined Male and Female serum IgA values from the
different subject groups compared to those of the
control group, specifying the different types of disease
within the group. *The ¥alues of IgA are in mg/10dml.
SUBJECT GROUPS Ho| llean® Range* S.D. P.
Control 25| 61723 113.85-1122.14 {272.42 | =
ACUTE (1)
A.UG' ' 10 772.89 91.88-1851003 608009 00328
Herpes 51948.19]216.69-2293.88 | 947.03 | 0.134
Herpes+AUG 215754351 106.00&1044.71 | 663.76 | 0.849
Aphthous ulcers 31720.80{459.09-972,62 256.90 | 0.537
Calculus formation 11232.75 - - 0.179
ACUTE (2)
AUG 11 386047 71054"‘633"33 189.88 0.015
Herpes 51552.511383.94~843.02 200,47 | 0.619
" Herpes+AUG 21547.46(122.30&972.62 |601.26 | 0.748
Aphthous ulcers - 31524.561475.80-548,94 42.22 10,567
Calculus formation 11232.75 - - 0.179
ACUTE+CHRONIC (1)
AUG+gingivitis 41642.72{232.75~905.51 {305.54 | 0.865
AUG+periodontitis 41425.171113.85-843.02 |[325,50 | 0.211
Herpes+periodontitis | 1{459.09 - - 0.574
- Herpes+gingivitis 11589.63 - - 0.921
ACUTE+CHRONIC (2.) . }
AUG+gingivitis 21497.29(151.56&3843.02 |488.93 | 0.571
AUG+periodontitis 2]267.42| 91.88&442.96 248.25 | 0.091
Herpes+periodontitis 11656.38 - : - 0.889
Herpes+gingivitis 11332.78 - - 0.316
CHRONIC
Herpes 21403.16{216.69&589.63 263,70 | 0.294
Gingivitis 71392,941174.86-548.94 - | 130.60 | 0,044
Aphthous ulcers - 21490466 1412.40&568.92 - | 110,67 | 0.526
RHEUMATOID 9[10B.13 {268.54-2646.51 |821.36 | 0.038

KEY: No = Number of subject samples

S.D. = Standard deviation

AUG = Acute ulcerative gingivitis

P. = probability that the means of the patient samples in the
different groups are the same as the mean of the control
samples; P less than 0.0500 is significant.
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significent difference in Acute (2) where the Igh value fell
markedly. The Acute + Chronic male serum values showed a -
decreasing trend (Table 6b) and the Acubte + Chronic IgA.
values were lowered and the Rheumatoid IgA values were
raised in Dboth male and female serum.

On examining differences within the individual groups,
compared to the controls, more significant differences were
obtained. Males and females were grouped together in this
case., With salivary values (Table ¥7a), Acute AUG (1),

Acute Herpes + AUG (1), Acute Aphthous ulceration (1) and
Acute Herpes + Chronic gingivitis (1) showed very significant
differences in their IgA values. The Herpes salivary value
was raised (not significantly) from the normal, but when
combined with gingivitis, gave a greatly increased salivary
Iga vaiue. Herpes + periodontitis showed lowered IgA values
(not significantly).

With the serum igA values, there were only'three
significant differences recorded, They were in lowered IgA
in Acute AUG (2), a lowered IgA in Chronic gingivitis and a
greatly increased Igh in the Rheumatoid patients.

This division of the groups into their constifuent;‘
diseases, gave a better indication of the changes in saiivary
and serum Igh that occurred as the disease pfogressed or

regressed.

DISCUSSION

It was decided to measure IgA levels in serum and saliva
of patients presenting with a range of periodontal complaints

compared to control subjects free from such disease on
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clinical examination. IgA was estimated because it is the
predominant iumunoglobulin in saliva and overall evidence'
collected by HEREMANS (1968) shows that IgA plays a major
‘role in contributing protection to the sero-mucous surfaces
of the body.

The discovery on the first statistical analysis of the
guantitation of serum and salivary Igh, in the control and
test subjects, was interesting, in that there were differences
in the results between the sexes, If the two groups of male
and female were assessed together, significant differences
apart from those of the Acute (1) group, were lost. The
DMF values and average Russell Index values were similar for
both sexes in each group and the numbegs with each disease
in both groups were quite evenly matched; there were also
no outétanding differences in the available medical histories
of the two groups.

Some differenoeé in immunoglobulin levels may have Dbeen
due to the patients' susceptibility to caries as raised Igh
values have been attributed to greater caries-resistance
than oaries—susceptibility (LEENER et al., 1967; ZENGO et‘al.
1970, 1971). The total DNF values do not indicate the
present degree of decay; however, the control group,
although having no active caries, had varied4DMF values and
the IgA values in relation to susceptibility to caries should
have been matched with the test subject groups.

The. salivary values for the groups as a whole, vary
depending on the type of disease, as already noted by
LEENER (1969a,b). An increase in salivary IghA on increasing

severity of the disease might have been expected; on the




































































































































































































































