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It is well known that withdrawal of oral hygiene procedures 

results in accumulation of dental plaque. Furthermore, there is 

abundant evidence that dental plaque is associated with dental 

caries and periodontal disease. Loe and Schiott"1" have provided 

a typical example. Thirteen male dental students with healthy 

gingiva refrained from any oral hygiene procedures for three 

weeks in a study of chlorhexidine suppression of oral bacteria. 

During this period they developed abundant plaque and general

ized gingivitis.

Studies have implicated an immunological significance of

secretory IgA and other immunoglobulins found in the saliva with

respect to oral microorganisms and oral diseases. Lehner,

Caldwell, and Clarry2 reported higher salivary secretory IgA
levels in the whole saliva of caries-resistant individuals.

3However, Shklair, Rovelstad, and Lamberts found no difference

in the amount of secretory IgA in the parotid and whole saliva

of caries-active individuals. In a more recent study of human
4 . . .caries resistance, Zengo and associates found significantly 

higher secretory IgA levels in the submaxillary saliva of caries- 

resistant persons compared with caries-susceptible subjects.
5"Preliminary data" reported in 1968 by Lindstrom and Folke sug

gested no significant difference in whole salivary IgA in sub

jects with periodontal disease as compared with normal subjects.

In a study of salivary immunoglobulins in whole saliva in patients
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with acute necrotizing ulcerative gingivitis, secretory IgA dem

onstrated a significant and consistent increase compared to nor

mal controls, and it was the only immunoglobulin in the saliva 

to so respond. Recently Williams and Gibbons demonstrated that 

preparations of secretory IgA isolated from human parotid fluid 

specifically inhibited the adherence of specific streptococcus 

strains to epithelial cells. This finding, may prove to be of 

great significance in the understanding of the etiology of perio

dontal disease.

Secretory IgA has been shown to be locally synthesized in
8 9the salivary gland under normal physiologic circumstances. '

Tomasi and co-workersdemonstrated that IgA is the most prom

inent immunoglobulin in saliva, although it is known that IgA 

is a minority component of the serum immunoglobulins.

Brandtzaeghas speculated that:

In a few studies the concentration of total 
salivary IgA has been found to be raised in 
patients with periodontitis. This could 
indicate that a gland-associated immune 
response is initiated as a result of accumu
lation of dental plaque perhaps combined with 
increased antigen absorption through inflamed 
gingivae.

Dental plaque accumulation could stimulate specific antibody 

secretion by at least two different means. 1) The generalized 

increase in bacterial antigens which have accumulated on the 

tooth surfaces and gingivae result in increased amounts reaching
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the local immune system in some manner yet to be identified, and 

2) The changing nature of the bacterial population on the tooth 

surfaces as the plaque grows and evolves brings new antigens 

into play in the local immune system. That is to say that plaque, 

composed primarily of microorganisms, would act as an increasing

ly large source of antigenic substances when it is allowed to 

accumulate. By some as yet undefined means of delivery to the 

local immune system, these antigens would increasingly stimulate 

the synthesis of, and consequently increase the concentration 

of secretory IgA, in the saliva. Such an increase in salivary 

antibodies could be due to an anamnestic antibody response, to 

de novo antibody synthesis and production, or to a combination 

of these effects.

If salivary antibody production does, in fact, increase 

as a result of plaque accumulation, it is possible that the 

antibody production which has been stimulated will inhibit fur

ther plaque accumulation. Carrying this hypothesis one more 

step, plaque might actually decrease if the period of experimen

tal plaque accumulation is sufficiently long. A search of the 

literature failed to reveal any investigations correlating dental 

plaque accumulation with levels of salivary immunoglobulins (or 

other constituents) in humans.

The purpose of this study was to determine in human subjects 

whether there is a correlation between dental plaque accumulation
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over a six week period and parotid and whole secretory IgA con

centrations as well as minute secretion rates over the same

interval.
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THE IMMUNE SYSTEM

There are two basic components of the immune system both of 

which are developed from bone marrow-derived stem cells. One 

component consists of lymphocytes the precursors of which have 

migrated to the thymus to- mature and proliferate during their 

life cycle.12-14 These are called thymus-dependent or T-lympho- 

cytes, or simply T cells. When activated by an antigen they give 

rise to a localized immune response of a cellular or delayed 

type.^'"*"^'^ The other basic component of the immune system 

originates from stem cells that apparently mature and prolifer

ate in the bone marrow itself in mammals. They become the B cells 

or B-lymphocytes. The "B" comes from the bursa of fabricius 

found in birds where these lymphocytes were found to originate. ^  ^  

These cells give rise to the humoral type of immunity. Circulating 

B cells may be distinguished from the T cells by surface-bound 

humoral immunoglobulin in concentrations high enough to be detec

ted by immunofluorescence.^

Both B and T cells become seeded in blood and participate 

in the recirculating pool of lymphocytes. Activation of immuno- 

logically competent B cells apparently occurs through specific 

antigen recognition via interaction through surface receptors 

Such activation results in production and secretion of immuno

globulins of specific antibody activity.
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Two recent postulates have been put forth to explain the

mechanism of recognition of antigen by the host. One describes

the presence of specific natural antibody that combines with an

antigen and leads to the proliferation and differentiation of

additional immunocompetent cells. The other postulate involves

a requirement of prior processing of the antigen by macrophages.

Transfer of genetic information from macrophage to the T or B

cell possibly involves ribonucleic acid (KNA) or an RNA-antigen

complex. 15 In most situations calling for immune response, the

organism uses a combination of T and B cell activity. However,

some situations are considered to involve either a T cell or B 
11,13,14cell response.

THE IMMUNOGLOBULINS

In humans, B cells can differentiate, proliferate and mature

into plasma cells which synthesize humoral antibodies. These

antibodies may belong to one of five different immunoglobulin

classes: 1) immunoglobulin G (IgG), 2) immunoglobulin A (IgA),

3) immunoglobulin M (IgM), 4) immunoglobulin D (IgD), and 5)
11,12,13immunoglobulin E (IgE). All are composed of a basic unit

containing two heavy polypeptide chains and two light polypeptide 

chains. These two heavy chains are joined by disulfide bonds 

and noncovalent interactions and the two light chains are joined 

to the two heavy chains by disulfide b o n d s . O f  the five 

classes, IgG has the highest concentration in human serum,
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followed by IgA and IgM. 1 0 , 1 7 igG also contains most of the 

antibody activity in human serum while IgA has minimal serum 

antibody activity.

Body fluids other than plasma which are important conveyors 

of immunological responses and substances are the exocrine or 

external secretions and the transcellular fluids (or secretions). 

The transcellular secretions include the cerebrospinal, aqueous 

and synovial fluids; in these the concentration ratio of IgG 

to IgA are about the same as in serum (about 5:1).10 The exo

crine secretions include fluids which bathe mucous membrane sur

faces that are in direct continuity with the external environ

ment. Examples are saliva, lacrimal secretions, nasal and bron

chial secretions, secretions of the gastrointestinal tract and 

colostrum. The dominant type of immunoglobulin in these fluids 

is secretory IgA (S-IgA) , 5 ' 1 0 ' 1 8 - 2 1 j-,ut other immunoglobulin 

classes are also found in these fluids including IgM and IgG.^®'^ 

It has been widely accepted for some time that antibodies 

are present in external secretions. At first it was thought that 

these antibodies resulted from serum transudation, and thus de

pended entirely upon serum antibody levels. Evidence contradic

tory to this assumption was shown as long ago as 1948 by a cor

relation between fecal antibody, but not serum antibody, and pro- 

tection against experimental cholera in guinea pigs. Since then 

S-IgA has been shown to be synthesized locally in the normal
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salivary gland8 , 9 and breast9 by the incorporation of 1 4C-labeled 

amino acids specifically into IgA in tissue culture experiments.

CHEMICAL STRUCTURE OF SECRETORY IgA

The basic chain .structure of S-IgA is similar to that of

the other immunoglobulin classes; in general they are composed

of pairs of heavy and light chains of polypeptides which have a
21carbohydrate content that is unevenly distributed. The light 

chain is usually about one-half the molecular weight of the 

heavy chain. ' These chains are held together by disulfide 

bonds. A chemically different heavy chain exists for each of 

the five classes of immunoglobulins. The heavy chain is respon

sible for the antigenic differences between the classes of immuno

globulins .

There are two different types of light chains (kappa and 

lambda), either of which can be associated with any one of the 

five heavy chains. Therefore, there are ten possible combina

tions of heavy and light chains within the five immunoglobulin 
15,26classes.

In referring to the physical and biochemical properties

of human immunoglobulin classes, the sedimentation coefficient

is often used. The coefficient provides an index of how rapid

the sedimentation of the molecule occurs during ultra-centri-
15,27fugation, which depends on the shape and molecular weight.

A higher coefficient value generally suggests a molecule of
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higher molecular weight. The 11S secretory IgA molecule has a 

molecular weight of about 379,000 to 393,000.28,29 75 or

serum IgA molecule has been examined by electron microscopy and 

appears to have a structure very similar to IgG; Y-shaped measur

ing approximately 125 by 140 angstroms .27,30 jqg secretory
27form appears to be two Y-shaped molecules superimposed. Chemi

cally, the 11S molecule seems to be essentially a dimer of 7S IgA,
- 22 28 31having two pairs of heavy (a) and light polypeptide chains. ' '

Approximately the first 100 N-terminal amino acids in both 

the heavy and light chains represent a variable region of these 

polypeptide chains while the remainder of the chains contain 

relatively constant amino acid sequences within the respective 

chain types. 32 The variable region of the a chain binds with the 

specific antigen. Both types of light chain structures of S-IgA 

(kappa and lambda) are found in the same ratio as in plasma 

IgG. Even though most of the light chains of the S-IgA mole

cule have been found to be disulfide-bonded to H chains, a sub

class of IgA (IgA2) proteins lack the covalent disulfide bonds 

linking light to heavy chains.29'3  ̂ 3° The heavy chains of S-IgA

(alpha chains) have molecular weights of around 54,000 and con-
28 37tain about 470 amino acid residues. '

The presence of four antigen binding sites on an 11S S-IgA 

molecule versus two sites on a 7S serum IgA molecule has been 

found. 3 8 , 3 9 Although S-IgA was found to have a binding affinity
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approximately ten times greater than that of IgG40 (both iso

lated from rabbit colostrum), the specificity of S-IgA is less 

than that of serum IgG in humans. ^6

SECRETORY COMPONENT AND J-CHAIN

Two components unique to the S-IgA molecule have been found.

These are: the secretory component (SC), sometimes referred to as

the secretory piece, and the most recently found J chain. Tomasi 
41and Bienenstock reported that in vitro complexing of SC was

relatively specific for IgA. Radioactively labeled (1 '̂1 I) SC

added to whole or purified immunoglobulins did combine with serum

IgA but apparently not with other serum proteins.

Secretory component appears to be a glycoprotein with a

molecular weight of 60,000-80,000.2 2'2 8'2 8'42 It seems to be

bonded to the a chains of human secretory IgA by both disulfide

and noncovalent interactions; no SC appears to be found on 7S
43IgA found either in secretions or serum. Some experiments have

indicated that free SC has a tendency to become associated with
43,44IgM in IgA-deficient serum. However, no significant asso

ciation between SC and IgM seems to occur in saliva of S-IgA defi

cient individuals. 88 The totality of evidence appears to suggest 

that SC mainly is a normal product of exocrine glands, that asso

ciation of SC with IgA dimers occurs in these glands, and that 

this association is not the result of association between free 

SC and immunoglobulins in the serum.42,4®
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An electrophoretically fast-moving polypeptide found in 

rabbit colostral IgA by Cebra and Small was considered by 

them to be a part of SC and called T chain. Studies carried 

out later, however, indicated that T chain (renamed J chain) 

and SC were two different proteins. 42 The molecular weight of 

J chain is less than half that of SC, it displays a different 

amino acid composition, a faster electrophoretic mobility ana 

has antigenic determinant which differs distinctly from that of 

SC . 4 5 ' 46 It has been speculated that J chain, which has a very

high cysteine content, may aid in maintaining disulfide linkages
45-47between the a chains of S-IgA.

CARBOHYDRATE CONTENT OF S-IgA

The complete S-IgA molecule contains approximately 191 

carbohydrate residues. With the assumption the molecule con

tains one secretory component and one J chain as well as light 

and heavy chains, 4 5 , 4 8 the percentage of carbohydrate in each 

component may be broken down. Sixty-three percent of the total 

carbohydrate content is found in the heavy chains, 28% in the 

secretory component, 6.5% in the J chain and 2.5% of the total 

content in the light chains. Carbohydrates are attached in 

the N-terminal and C-terminal halves of the alpha chain in S-IgA, 

whereas in serum IgG, they are found only in the C-terminal
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IMMUNOLOGICAL SIGNIFICANCE OF SECRETORY IgA

In 1965, Tomasi and co-workers8 stated:
There appears to be an immunological system 
which is characteristic of certain external 
secretions. Its properties including the 
local production of a distinctive type of 
antibody separate it from the "systemic" 
system responsible for the production of 
circulating antibody. This system may play 
a significant role in the body's defense 
mechanisms against allergens and microorgan
isms.

They presented evidence that the IgA found in saliva and colo

strum existed in the form of higher polymers (e.g., the 11S 

sedimentation coefficient of salivary IgA vs. the 7S in serum, 

the first evidence of this important physico-chemical differ

ence) . By use of fluorescent and autoradiographic studies, 

they also showed that local synthesis of 11S IgA took place in 

the parotid gland itself. Also, by intravenous administration
I *3]of I-labeled 7S IgA, no evidence of IgA transport from serum 

to saliva was obtained.

In a study using rabbits, specific antigenic binding activ

ity was induced in colostral S-IgA by intra-mammary injection of 

dinitrophenylated bovine gamma globulin. 47 No serum antibody 

to the antigenic structural grouping was detected, suggesting 

that the S-IgA was not derived from the serum. Systemic immun

ization methods have also been successful; specific secretory 

IgA antibodies have been produced locally by systemic immuniza

tion using influenza virus. 5 1 , 5 2 There is some evidence that
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this may be a dose dependency situation, namely the ability to

parenterally stimulate local secretory antibodies simply by in-
53creasing the amount of systemically injected antigen.

As mentioned earlier, Tomasi and co-workers8 discussed a 
system involving a unique type of antibody which was apart from 

the "systemic" immune system. This unique system has been con

firmed by many researchers. It has been shown that secretions

of normal subjects contain a number of "natural" antibodies and
41many of these have been identified as 11S IgA in type.

IgA antiviral antibodies in saliva, duodenal fluid, and

urine have been demonstrated using a radioimmunodiffusion tech-
54nique. The 'existence of S-IgA antibodies to rhinovirus in

tears, nasal secretions, and saliva in humans has also been
55shown. Local immunization with attenuated poliovirus has 

been demonstrated to give rise to nasal and duodenal S-IgA anti

bodies giving further evidence to the local nature of the S-IgA 

antibody and its protective effects.

SYNTHESIS AND SECRETION OF SECRETORY IgA

Using data derived from immunoflorescent staining, radio

active tracer, and tissue culture experiments, Tomasi and Bien- 
41enstock concluded that the IgA molecule is synthesized free 

of the secretory component in plasma cells present in the lamina 

propria of most mucous membranes and in the secretory glands.
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They felt that SC, since it was found to be present in the epi

thelial cells, was also synthesized there. However, more re

cent studies have shown that SC is also present in the plasma
57cells of the lamina propria of mucous membranes and glands.

The current theory, agreed on by many researchers in this 

field, is that 7S IgA is produced by local plasma cells in the 

lamina propria and transported through the basement membrane 

to the intercellular canaliculi between the epithelial cells, 

and then into the epithelial cells by a selective mechanism.

IgA then becomes conjugated with the SC which seems to be syn

thesized by the epithelial cells mediating' the transport.' ̂ 8/58 

Secretory component apparently is synthesized in excess of the

IgA and is secreted into the lumen of the gland either free or
5 8associated with IgA. It has been -postulated that either 

dimeric (11S) IgA is synthesized within a single plasma cell 

or, possibly, that individual 7S IgA units are derived from 

neighboring cells, but in either case the IgA units are united 

with the SC to form 11S IgA within the epithelial cells. It 

has been suggested that less than half of the SC molecules

synthesized in the rabbit parotid gland are normally complexed
25 . 5 9with IgA; however, many individual variations probably exist.

Antigenic differences have been found between free SC and that

bound with IgA, probably due to the differences in structure of
60the two molecules. The free SC of colostrum, normal salivary
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secretions and secretions devoid of IgA apparently possess the
31-same antigenic characteristic. The SC may be required for the

transfer of IgA molecules into the secretory fluid of the exo- 
38crine glands. Another suggestion for the purpose of SC is to

61
stabilize the S-IgA molecule from proteolysis. As mentioned

earlier, the J chain might serve to join the 7S IgA subunits

of the 11S molecule or might aid in disulfide bond exchange dur-
45

ing polymerization.

The concentration of S-IgA has been shown to change depend-
62,63

ing on the rate of salivary flow. The saliva concentration

decreases with increased flow rate due to various stimuli or to
62-65

the difference's in individual-normal resting flow rate.

Thus, when measuring salivary S-IgA as it may be related to other

physiological functions or to oral disease, it may be useful to
38

express it as minute secretion rates.

DENTAL PLAQUE

During the initial phase of plaque formation, salivary 

glycoproteins and probably some molecular components of bacter

ial origin are deposited on the surfaces of the tooth. This 

deposition, known as the acquired pellicle, apparently prepares

the surfaces of the tooth to be colonized by bacteria in the 
66

saliva. Sources of free bacteria in the saliva may be from 

other bacterial colonies located on the buccal mucosa, the

<
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tongue and the gingival crevicular area. The majority of free

bacteria in the saliva apparently comes from the tongue, with
67very little from the gingival crevice.

Early plaque is made up primarily of coccal bacteria, the 

first bacteria to colonize on the tooth surface being strepto

cocci. Other cocci genera present include Neisseria (aerobic) 

and Viellonella (anaerobic) streptococci produce several

different intracellular and extracellular polysaccharides. These 

substances may help bacteria, attach to the tooth surface and to 

each other. Neisseria also have the ability to produce carbo

hydrate polymers. 88 It has been suggested that the affinity of 

oral bacteria,for the enamel or acquired pellicle surface could 

be a determining factor in the initial phase of plaque formation."'’0
Following the initial phase of plaque formation (the estab

lishment of the cocoidal bacteria), the bacterial population be

comes more complex. Rod-shaped bacillary forms such as Diph

theroids, Corynebacterium and Fusobacterium attach and colonize 

on the surfaces of the plaque. As the plaque becomes more mature, 

there is a morphological change to filamentous bacteria such as 

Actinomyces, Nocardia, Rothia and Bacterionema. A long, blunt 

anaerobic rod, Leptotrichia buccalis, is also seen at this time. 

From about the second to the third week of the developing plaque,

the filamentous organisms become more common. The plaque is
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considered mature in 3-4 weeks when a mass of matted bacterial 
68

cells is present. Spirochetes are found in the plaque after
71

it is 28 days old.

A recent scanning electron microscopic study has been done 

on developing plaque that showed rod-shaped bacteria appear

ing for the first time in 24 hour-old plaque and the surface of
72

plaque covered with a mass of rods and filaments by 48 hours. 

Almost all forms of plaque bacteria are present at all times 

during the development of plaque, but their relative percen

tages change as the plaque matures. Also, the bacterial popula

tion in developing plaque ranges from aerobic in early to anaero-
71

bic in maturing plaque.

The relative percentage of streptococci is greater at the

beginning of plaque formation. Strep, mutans and Strep■ sanguis

are the most abundant of the streptococci, with Strep, sali-
71

varius being found in much smaller proportions. The difference

in relative percentage of plaque bacteria has been suggested to

be due to the differences in ability to adhere to rather than
70

grow on the tooth surface. There has been evidence that there 

are plaque bacteria u-hich can adhere to the surface coatings of 

specific strains of other plaque species, which may explain how 

some organisms are able to adhere together in dental plaque. 

Specific adhesion of one organism to another in plaque could be
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involved in the sequential microbial colonization which is known 

to occur in plaque development."^0

EFFECT OF SALIVARY SECRETORY IgA ON DENTAL PLAQUE

It has been suggested that S-IgA in the saliva could block 

the uptake of bacterial products and antigens by inhibiting
74,75

the attachments of bacteria to each other and to oral surfaces. 

Recently, Williams and Gibbons specifically inhibited the adher

ence of streptococcus strains to epithelial cells with S-IgA
7isolated from human parotid fluid. They believe that since 

bacterial adherence is a prerequisite for colonization of mucous 

surfaces, the mechanism of S-IgA-mediated inhibition of adher

ence would limit bacterial colonization and allow for disposal 

of bacterial antigens via "clearance" by swallowing. It has 

been suggested that inhibition of bacterial adherence might 

occur by coating the determinents of an individual bacterium 

with antibody. 40 The salivary S-IgA antigen-antibody inter

action with bacteria lacks the complement-dependant bacteriolysis 

that exists with other immunoglobulin interactions. 76
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SUBJECTS

Eighteen healthy male dental students, 21-26 years of age, 

were selected as subjects. Health status was determined by a 

questionnaire. A subject whose health status was in question 

was not used.

For purposes of plaque accumulation and scoring, each sub

ject was required to have a minimum of 24 natural teeth and 

have no fixed or removable prosthesis involving any of the teeth 

to be used in plaque scoring. Twelve teeth were used for plaque 

scoring. No facial caries or restorations were permissible in 

the incisors and maxillary posterior teeth which were to be stud

ied. No lingual caries or restorations were permitted in mandibu

lar posterior teeth involved in the scoring procedure. Subjects 

with periodontitis, as determined by pocket depth and x-ray evi

dence of crestal bone loss, were not accepted for this study.

INITIAL ORAL HYGIENE STABILIZATION PERIOD

Approximately four weeks before withdrawal of oral hygiene 

and saliva collections began, each subject was given an oral pro

phylaxis, using disclosing solution to make certain that all plaque 

and calculus was removed. Each subject was then placed on a strict 

regimen of oral physiotherapy until the experimental phase of the 

study was begun. During this initial period, the examiners in

dependently scored ten patients (excluding the selected subjects)
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for dental plaque using the scoring method and the tooth sur

faces used in the study. This was done to insure accurate re

liability of scoring between the two examiners.

ORAL HYGIENE WITHDRAWAL AND SALIVA COLLECTION

At the beginning of the experimental period, each of the 

eighteen selected subjects was instructed to refrain from all 

dental hygiene procedures (including mouthwashes) during the en

tire six week experimental period. On the first day, salivary 

samples were obtained from each subject. Unstimulated parotid 

fluid samples were collected by metal collection caps over the 

right parotid duct orifice. Whole saliva was collected by asking 

each subject to let it accumulate without swallowing for ten 

minutes, then to evacuate all fluid collected in the floor of the 

mouth into a 25 ml disposable plastic beaker. These procedures 

were repeated on a weekly basis. Parotid fluid was collected 

in polyethylene tubes for a twenty minute period and the flow 

rate (ral/min) was calculated for both whole and parotid fluid 

for each subject. All samples of saliva were collected without 

gustatory or masticatory stimuli. The salivary samples were 

frozen and stored until analyzed for secretory IgA.

SECRETORY IgA ANALYSIS

Analysis for secretory IgA in milligrams percent was car

ried out by using an electroimmunodiffusion (BID) method. ' 6 '"^9
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Laurel1 Barbital Buffer (15.85 gm. Barbital Sodium; 230 ml.

.1 N HCL; to 2 liters for .05 M; stored at 4°C.) was poured into 

an electrophoresis chamber supplied with circulating cold water 

to keep the chamber cool so that the agar on the slides would 

not shrink. Four paper wicks (microporous) for each slide were 

placed in the buffer to soak. Goat antiserum for human IgA was 

added to melted 1% agar (1 gm. agarose; 50 ml. Barbital buffer; 

to 100 ml.) for desired concentration of antiserum (.2%-.5%) and 
mixed well. Melted agar and antiserum solution (55°-60°C) was 

pipetted into prepared slide frames (2 glass slides clamped to

gether separated by a plastic U-shaped frame) and allowed to gel. 

The frame and one glass slide were removed from the agar slide 

and seven circular wells were punched in the agar at one end of 

the slide on a line along the short axis of the slide. The agar 

plugs were removed with gentle suction.

Five microliters of sample and/or standard (1 mg%-80 mg% 

secretory Ig/A from human colostrum) were placed in each well.

The agar slides were placed in the buffer-filled electrophoresis 

chamber and moistened paper wicks were attached to the ends of 

the agar slides from the buffer. Electrophoresis was done at 

200 volts for 4 hours. Following electrophoresis, the agar slides 

were dried under "lintless" paper strips pre-moistened with dis

tilled water. Then, the slides were stained for at least 10 

minutes (3 gm. amido black 10 B; 100 ml. glacial acetic acid;
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700 ml. methanol; 200 ml. distilled water) before destaining 

(100 ml. glacial acetic acid; 700 ml. menhanol; to 1000 m3..).

The length of precipitate was measured by placing a thin, 

transparent ruler under the slide on a contrasting background ; 

the measurement was taken from the edge of the well to the lead

ing edge of'the precipitate (Figure 1). The length of each 

standard precipitate was plotted against its immunoglobulin con

centration on semi-logarithmic graph paper and a standard curve 

constructed from which the unknown concentrations were determin

ed in milligrams percent by the length of their precipitate.

PLAQUE SCORING

When the salivary samples were collected each week, a plaque

score was recorded on each subject using a plaque scoring method

which was a modification of the Patient Hygiene Performance (PHP)

index.^ The following tooth surfaces were scored for plaque :

facial surfaces of teeth #3, 4, 7, 10, 13, 14, 24, and 25; and

lingual surfaces of teeth #19, 20, 29, and 30. If any one of

these teeth was missing in a given subject the adjacent tooth

was substituted; only one such substitution was permissible.

The vital stain, "Fast Green," which has no significant effect
78on plaque accumulation, was used to disclose plaque. Plaque 

scores were measured and recorded independently by two perio

dontal clinicians throughout the experiment (Figure 2).
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CALCULATIONS AND STATISTICAL TREATMENT OF THE DATA

The plaque index scores for each subject were recorded by 

both examiners on the day the study began and on a given day of 

each week of the experimental period. The mean and the standard 

deviation of the two examiners' scores were calculated and re

corded for each subject for each individual plaque score during 

the six week period. After five weeks, one subject was dropped 

from the study due to pericornitis and five subjects stopped 

participating. Therefore, twelve subjects were scored the sixth 

week of the study. The means and standard deviations were calcu

lated subject by weeks and weeks by subject.

The milligram percentage concentration of secretory IgA 

and flow rate were recorded for each subject for each of the six 

weeks for both whole and parotid saliva. The whole saliva milli

gram percentage concentration of secretory IgA and flow rate was 

recorded the day the study was begun. However, due to technical 

problems involved in obtaining the parotid saliva, no record was 

available for parotid saliva on the day the study began. The 

means and standard deviations were calculated subject by weeks 

and weeks by subject.

The minute secretion rates of S-IgA were calculated for the 

whole and parotid saliva samples by multiplying the concentra

tion of secretory IgA by the flow rate; the resultant data in

cluding means and standard deviations were recorded in the same

manner as the concentrations and flow rates.
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The Pearson Product-Moment Coefficients of Correlation 

were calculated between the means of the subjects' whole and 

parotid minute secretion rates and the means of the subjects' 

plaque index scores each week. Correlation coefficients were 

also calculated between the means of the milligram percentage 

concentrations and flow rates and the means of the subjects' 

plaque index scores each week.
82A factorial design analysis of variance was run for sub

jects and weeks on whole and parotid minute secretion rates on 

the milligram percentage concentrations and flow rates of the 

parotid saliva and on the subjects' plaque indices. The same 

data was subjected to Duncan's, new multiple range tests to 

evaluate whether any statistically significant differences were 

present between each week.

Several of the subjects were not included in the plaque 

scoring during the.sixth week of the study, and due to technical 

problems in the analysis of the saliva on a few samples, there 

was missing data. A method developed by Yates^ was used to esti

mate such missing data to permit the factorial design analysis of 

variance to be run. After estimated values were entered the nec

essary means and standard deviations were recalculated before the 

correlation coefficients and analyses of variance were completed. 

For each missing value, one degree of freedom was subtracted 

from the total degrees of freedom in the statistical tests.



RESULTS
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WHOLE SALIVA

The analysis of variance run for subjects and weeks on 

whole saliva S-IgA minute secretion rates revealed an F (vari

ance) ratio significant at P < 0.05 (Table I). This shows stat

istically significant differences between subjects and between 

weeks for whole S-IgA minute secretion rates. However, as can 

be seen in Tables II and III, there is no discernable pattern 

for the whole saliva data in terms of trends in the means either - 

by weeks or subjects for S-IgA minute secretion rates. Analyses 

of variance were not run for whole saliva S-IgA concentrations 

or flow rates. Examination of the weekly means did not indicate 

any trends or' differences which would have any bearing upon the

hypotheses or ideas which this project was designed to examine.
83Duncan's new multiple range tests showed no statisti

cally significant individual weekly increases (P < 0.05) for mean 

whole minute secretion rates of S-IgA during the period from 

week 0 through week 6 (Table IV).

PAROTID SALIVA

The analyses of variance run for subjects and weeks on 

parotid S-IgA concentrations, flow rates and minute secretion 

rates of S-IgA, showed statistically significant differences 

at P < 0.05 (Tables V-VII). Duncan's new multiple range tests* 

revealed no statistically significant individual weekly differ

ences between subjects during the six week period for concentration

83
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of S-IgA in the parotid fluid, or for flow rate of parotid saliva 

(Tables VIII and IX). However, as can be seen in Table III, 

the concentrations of S-IgA in weeks 5 and 6 were substantially 
greater than in weeks 1 through 4. Though these increases in 

concentration were not statistically significant by Duncan's 

tests, the same tests did show that the individual weekly increas

es of parotid minute secretion rates of S-IgA were statistical

ly significant at P < 0.05 with the exception of week 3 versus 

week 4 (Table X).

PLAQUE INDICES

The analysis of variance run for subjects and weeks for the 

weekly plaque indices showed an F (variance) ratio significant 

at P < 0.05 (Table XI). This test reveals statistically signi

ficant differences between subjects and between weeks for the 

weekly plaque indices. Duncan's new multiple range tests88 

showed statistically significant individual weekly increases 

(P < 0.05) in mean plaque indices of the subjects during the per

iod from week 0 through week 6 (Table XII). Each of the weekly 

incremental increases was statistically significant except for 

those mean indices between weeks 3 and 4 .

^RggjATION OF WHOLE AND PAROTID SALIVA DATA WITH PLAQUE INDICES 

The correlation of the four parameters shown in Table XIII 

with the week by week means of the subjects dental plaque indices
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revealed that two of the four parameters were significantly 

correlated positively. The mean parotid saliva minute secre

tion rates of S-IgA and the mean parotid salivary flow rates of 

the subjects correlated positively with the mean dental plaque 

indices on a week by week basis. These correlations were signi

ficant at P < 0.05. Although the mean parotid saliva concen

trations of S-IgA were not positively correlated with the dental 

plaque indices on a week by week basis on a statistically signi

ficant level, the correlation coefficient of 0.50 does suggest 

a tendency toward a positive correlation between these variables. 

The mean whole saliva minute secretion rates of S-IgA showed no 

correlation with the week by week means of the subject's dental 

plaque indices.

INDIVIDUAL SUBJECT DATA

The mean S-IgA concentration, flow rate and minute secre

tion rate of the parotid and whole saliva, as well as the mean 

plaque index (with standard deviations) are presented for each 

subject over the entire experimental period in Tables XIV - XX. 

From these tables, individual differences between subjects con

cerning the above stated parameters may be compared.





Figure 1. Precipitation cones showing the migration 
distance related to concentration (Amido- 
Black stain).
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Figure 2. Example of form used for plaque scoring by each 
examiner.

SUBJECT DATE

EXAMINER

Facial Plaque Lingual Plaque
Tooth Surface Score Tooth Surface Score

No. 3 No. 19

No. 4 No. 20

No. 7 No. 29

No. 10 No. 30

No. 13

NO. 14

No. 24

No. 25

dfe
s,*

 *-
> 

*¿
5s

r*
i* 

v,
 

à 
, ~ 

SÁ
 

»



35

Table I. Analysis of variance (subjects and weeks) on minute 
secretion rate of S-IgA in whole saliva (mg/min).

SOURCE OF 
VARIATION

DEGREES 
OF FREEDOM

SUMS OF 
SQUARES

MEAN
SQUARES

F (VARIANCE) 
RATIO

SUBJECTS 16 0.080 0.005 3.838*

WEEKS 6 0. 02 0 0.003 2.554*

RESIDUAL 93 0 . 1 2 1 0 . 0 0 1

TOTAL 115 0 . 2 2 1

* Significant at P < 0.05
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Table II. Weekly mean concentrations (mg/lOOml) of S-IgA in 
whole saliva for subjects.

WEEK X S.D. n

0 19.3 10.3 18

1 22.7 13.5 18

2 19.9 10.4 18

3 15.8 9.3 18

4 17.6 9.2 18

5 16.6 7.5 18

6 18.3 1 2 . 2 18

ff

]
« 1

4
•I

)

*



Weekly mean 
subjects.

flow rates (ml/min) of whole

WEEK X S .D. n

0 0.35 0.26 18

1 0.48 0.33 18

2 0.45 0.33 18

3 0.53 0.30 18

4 0.44 0.29 18

5 0.38 0.26 18

6 0.52 0.43 18



Weekly mean minute 
in whole saliva for

secretion rates 
subjects.

(mg/min)

WEEK X S.D. n

0 0.05 0 . 0 2 17

1 0.09 0.09 17

2 0.07 0.03 17

3 0.07 0.03 17

4 0.06 0.03 17

5 0.06 0.03 17

6 0.06 0.03 17



Table V. Analysis of variance (subjects and weeks) on minute
secretion rate of S-TgA in parotid saliva (mg/min).

SOURCE OF 
VARIATION

DEGREES 
OF FREEDOM

SUMS OF 
SQUARES

MEAN
SQUARES

F (VARIANCE) 
RATIO

SUBJECTS 15 0.00068 0.00005 5.0000*

WEEKS 5 0.00026 0.00005 5.0000*

RESIDUAL 67 0.00084 0 . 0 0 0 0 1

TOTAL 87 0.00178

* Significant at P < 0.05



Table VI. Analysis of variance (subjects 
of parotid saliva (ml/min).

and weeks) on flow rate

SOURCE OF 
VARIATION

DEGREES 
OF FREEDOM

SUMS OF 
SQUARES

MEAN
SQUARES

F (VARIANCE) 
RATIO

SUBJECTS 15 0.0678 0.0045 15.0667*

WEEKS ! 5 0.0054 0 . 0 0 1 1 3.6000*

RESIDUAL 68 0.0205 0.0003

TOTAL 88 0.0937

* Significant at P < 0.05



Table VII. Analysis of variance (subjects and weeks) on concen
tration of S-IgA in parotid saliva (mg/lOOml).

SOURCE OF 
VARIATION

DEGREES 
OF FREEDOM

SUMS OF 
SQUARES

mean
SQUARES

F (VARIANCE) 
RATIO

SUBJECTS 15 10591.1 706.08 6.25*

WEEKS 5 1485.2 297.05 2.63*

RESIDUAL 68 7678.6 112.92

TOTAL 88 19754.9

* Significant at P < 0.05



Table VIII. Weekly mean concentrations of S-IgA (mg/lOOml) in
parotid saliva for subjects.

WEEK X S.D. n

1 16.75 15.28 16

2 18.88 15.02 16

3 16.16 13.47 16

4 16.78 12.84 16

5 22.59 13.44 16

6 27.05 15.23 16



Table IX. Weekly mean flow rates (ml/min) of parotid saliva for 
subjects.

WEEK X S.D. n

1 0.03 0 . 0 2 16

'2 0.04 0.03 16

3 0.05 0.04 16

4 0.04 • 0.03 16

5 0.04 0.03 16

6 0.04 0.03 16
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Table X. Weekly mean minute secretion rates of S-IgA (mg/min) 
in parotid saliva for subjects.

WEEK X S.D. n
1 0.004 0.003 16
2 0.005 0.003 16
3 0.007 0.005 16
4 0.006 0.004 16
5 0.008 0.005 16



Table XI. Analysis of variance (subjects 
plague indices.

and weeks) on dental

SOURCE OF DEGREES 
VARIATION OF FREEDOM

SUMS OF 
SQUARES

MEAN
SQUARES

F (VARIANCE) 
RATIO

SUBJECTS 17 8.06 0.47 2.47*

WEEKS 1 6 183.28 30.55 159.50*

RESIDUAL 96 18.39 0.19

TOTAL 119 209.73

* Significant at P < 0.05



Weekly mean plaque indices for subjects.

WEEK X S.D. n

0 0.80 0.65 18

1 2.63 0.82 18

2 3.90 0.37 18

3 4.10 0 . 2 1 18

4 4.08 0.36 18

5 4.25 0. 22 18



Table XIII. Correlation of the week by week means of the sub
jects in each of four parameters with the week by 
week means of the subject's dental plaque indices 
(using The Pearson Product Moment Coefficient of 
Correlation).

PARAMETER (vs PLAQUE INDICES)
CORRELATION
COEFFICIENT

WHOLE SALIVA MIN. SEC. RATE 
S-IgA (mg/min)

+0.08

PAROTID SALIVA MIN. SEC. RATE 
S-IgA (mg/min)

+0.89*

PAROTID SALIVA CONG 
S-IgA (mg/100ml)

+ 0.50

PAROTID SALIVA FLOW RATE 
(ml/min)

+0.78*

Significant at P < 0.05
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Table XXV. Mean concentration of S-IgA (mg/lOOrnl) for each sub
ject in whole saliva over the complete experimental
period.

SUBJECT X S.D. n

2 12.8 1 2 . 0 7

3 1 0 . 1 3.4 7

4 6 . 6 1.3 7

5 4.3 0.3 7

6 21.9 6.7 7

7 15.2 6 . 2 7

8 1 1 . 2 1.7 7

9 30.6 8.5 7

10 13.7 3.2 7

SUBJECT X S.D. n

11 15.6 10.3 7

12 15.6 3.7 7

13 15.3 4.7 7

14 34.2 8.4 7

■ 15 31.6 7.0 7

16 26.0 6.3 7

17 27.6 11.3 7

18 17.9 3.6 7

19 18.5 1 . 8 7
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Table XV. Mean
ject

flow rates (ml/min) of whole saliva for each 
over the complete experimental period.

sub-

SUBJECT X S.D. n SUBJECT X S.D. n

2 0.50 0.24 7 11 0.58 0.26 7

3 0.90 0 . 1 1 7 12 0.35 0 . 1 0 7

4 0.62 0.24 7 13 0.29 0.14 7

5 0.91 0.43 7 14 0.16 0.07 7

6 0.55 0.15 7 . 15 0.26 0.09 7

7 0.43 0 . 2 0 7 16 0.41 0.13 7

8 0.51 0. 22 7 17 0.27 0.17 7

9 0.33 0. 22 7 18 0.44 0.09 7



Table XVI . Mean minute secretion 
each subject in whole 
imental period.

rates of S- 
saliva over

IgA 1 
the

(mg/min)
complete

for
exper'

SUBJECT X S .D. n SUBJECT X S .D. n

2 0.06 0.07 7 1 1 0.08 0.03 7

3 * 12 0.05 0 . 0 1 7

4 0.03 0 . 0 1 7 13 0.04 0 . 0 1 7

5 0.06 0 . 0 1 7 14 0.05 0 . 0 1 7

6 0 . 1 1 0 . 0 2 7 15 0.08 0 . 0 2 7

7 0.04 0. 02 7 16 0 . 1 0 0 . 02 7

8 0.08 0 . 0 1 7 17 0.04 0 . 0 1 7

9 0 . 1 2 0 . 1 2 7 18 0.08 0 . 0 1 7

10 0.05 0 . 0 1 7 19 0.04 0 . 0 1 7

* Not recorded due to excessive missing data



Table XVII. Mean concentrations of S-IgA (mg/lOOml) for each 
subject in parotid saliva over the complete experi
mental period.

SUBJECT X S.D. n

2 24.45 15.15 6
3 27.17 17.07 6
4 3.43 1.56 6
5 8.32 2.30 6
6 10.62 6 . 2 0 6
7 18.87 4.23 6
8 10.78 .4.97 6
9 52.92 '10.38 6

10 15.88 5.87 6

SUBJECT X S.D. n

1 1 18.93 6.70 6
12 21.17 10.37 6
13 *

14 19.47 16.53 6
' 15 17.23 9.50 6
16 18.62 19.91 6
17 27.45 8 . 8 8 6
18 17.97 9.48 6
19 *

* Not recorded due to excessive missing data.
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Table XVIII. Mean flow rates (ml/min) of parotid saliva for
each subject over the complete experimental period.

SUBJECT X S .D. n

2 0.04 0. 02 6

3 0.04 0 . 0 2 6

4 0.04 0 . 0 1 6

5 0.14 0.03 6

6 0.04 0 . 0 2 6

7 0.03 0 . 02 6

8 0.05 0.02 6

9 0 . 0 2 0 . 0 1 6

10 0.04 0. 02 6

SUBJECT X S .D. n

11 0.06 0.03 6
12 0.03 0 . 0 1 6
13 *

14 0.03 0 . 0 1 6
15 0 . 02 0 . 0 1 6
16 0.03 0 . 0 1 6

17 0 . 0 2 0 . 0 1 6

-18 0.03 0 . 0 1 6

19 *

* Not recorded due to excessive missing data



Table XIX. Mean minute secretion rates of S-IgA (mg/min) for 
each subject in parotid saliva over the complete 
experimental period.

SUBJECT X S.D. n

2 0.007 0.004 6

3 0.008 0.003 6

4 0. 002 0 . 0 0 1 6

5 0 . 0 1 0 0 . 0 0 1 6

6 0.004 0. 002 6

7 0.005 0.004 6

8 0.005 0.003 6

9 0 . 0 1 2 0.007 6

10 0.006 0. 002 6

SUBJECT X S.D. n

1 1 0 . 0 1 1 0.006 6

12 0.007 0.003 6

13 *

14 0.005 0. 002 6

15 0.003 0 . 0 0 1 6

16 0.006 0.008 6

17 0.005 0. 002 6

18 0.004 0.003 6

19 *

* Not recorded due to excessive missing data
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Table XX. Mean plaque indices for each subject over the com
plete experimental period.

SUBJECT X S.D. n SUBJECT X S.D. n
2 3.60 1.55 7 1 1 3.32 1.62 7

3 3.29 1.62 7 12 3.01 1.54 7

4 3.91 1.43 7 13 3.31 1.31 7

5 3.29 1.46 7 14 3.32 1.45 7

6 3.23 1.35 7 15 3.75 1.09 7

7 3.58 1.28 7 16 3.41 1.37 7

8 3.47 1.35 7 17 3.81 1 . 6 8 7

9 3.15 1.30 7 18 3.27 1 . 2 2 7

10 3.43 0.85 7 19 3.91 0.74 7



DISCUSSION
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EFFECTS OF PLAQUE ACCUMULATION ON SALIVARY S-IcjA

As shown in the results, the minute secretion rate of S-IgA 

in parotid saliva increased significantly (P < 0.05) over the 

six week experimental period. Since the minute secretion rate 

of S-IgA is calculated from the concentration of S-IgA and the 

flow rate of the saliva, the increase in minute secretion rate 

of S~IgA should be due to one or both of these two factors. The 

flow rate increased over the first three weeks, but not signifi

cantly. The concentration of S-IgA increased significantly over 

the six week period by analysis of variance, though weekly incre

mental increases were not significantly different by Duncan's 

test. However, in the case of the concentration of S-IgA, the 

concentrations shown in the fifth and sixth weeks were substan

tially greater than in weeks one through four. The statistically 

significant increase in minute secretion rate of S-IgA is prob

ably due to this combination of the increase in flow rate over 

the first three weeks together with the prominent increase in 

S-IgA concentration in the last two weeks.

As proposed earlier in this thesis, secretion of S-IgA thus 

appears to increase with plaque accumulation. The possibility 

was also sxiagested that if such an increase occurs, secretion of 

this immunoglobulin may eventually begin to decrease if the per

iod of experimental plaque accumulation is significantly long. 

This did not occur during the six week period of this study.



In conjunction with this, it should be noted that plaque indices 

of the subjects increased significantly over the six week experi

mental period, although the plaque accumulation appeared to 

begin to level off during the second week. However, there was 

no sign that the plaque accumulation had begun to decrease over 

the six week experimental period. The possibility that the 

experimental plaque accumulation period was not long enough to 

test potential peaking and decline of secretion of S-IgA merits 

further study.

Even though parotid flow rate showed no statistically 

significant increase, there was a positive correlation between
I ■

parotid saliva flow rate and plaque accumulation. The signifi

cance of this correlation is difficult to assess at this time. 

However, this positive relationship does suggest the possibil

ity that these two factors are not independent variables.

In fulfilling the purpose of this study it has been deter

mined that in human subjects there is a positive correlation 

between dental plaque accumulation over a six week period and 

parotid minute secretion rates of S-IgA over the same interval.

According to a search of the literature, there have been 

no published studies of the effect of dental plaque accumulation 

on S-IgA in saliva. Thus, the negative results of the present 

study with respect to whole saliva will also be of interest to 

investigators of this field. Neither concentrations of S-IgA
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nor whole saliva minute secretion rates of S-IgA in whole saliva 

were correlated with plaque accumulation during the experimental 

period.

There have been studies comparing salivary S-IgA levels 

in caries-active individuals with non caries-active individuals, 

and studies of salivary S-IgA levels in patients with perio

dontal disease. It should be of interest to compare such find

ings with the results of this study. Lehner, Caldwell and 
2Clarry have reported higher salivary S-IgA levels in the whole

saliva of caries-resistant subjects. However, Shklair, RoveIstad 
3and Lamberts found no differences in the concentration of S-IgA 

in whole saliva or parotid saliva of caries-active subjects com

pared with those that were not caries-active. It must be con

cluded that there is not yet an adequate basis for even infer

ential conclusions in this area of possible relationships between

salivary S-IgA and caries susceptibility.
5Lindstrom and Folke found no significant difference in 

whole salivary S~IgA in subjects with periodontal disease compar

ed with normal subjects. A parallel might be drawn between their 

results and the results in the present study regarding whole

saliva in which S-IgA did not change in concentration or minute
6secretion rate. However, Harding demonstrated a significant 

and consistent increase in whole salivary S-IgA in subjects



59

with acute necrotizing, ulcerative gingivitis (ANUG) compared 

to normal controls. These results may have been due to the 

fact that ANUG is an acute disease with a bacterial population 

whose predominent species are considerably different than mature 

dental plaque. As discussed above, saliva S-IgA concentration 

has been found to be increased in subjects with periodontitis;

• Brandtzaeg"*""*" has suggested that the underlying reason for this 

could be the accumulation of dental plaque in such subjects.

POSSIBLE MECHANISMS FOR THE EFFECTS ON S-IgA MINUTE SECRETION 
RATE

The increase in minute secretion rate of parotid S-IgA

with the accumulation of dental plaque is probably due to the

microorganisms in the plaque acting as an increasingly large

source of antigenic substances. Parotid S-IgA has been found to

be immunologically specific, at least for the streptococcal bac-
7terra in the plaque. These bacteria are the dominant flora in

initial plaque formation and in its overall population dynamics 

during the period from one to twenty eight days. After twen

ty eight days the bacterial population appears to change dra

matically. The streptococcal bacteria are no longer the dom

inant flora although they are still very much in evidence. The 

gram-positive facultative and anaerobic rods and the gram- 

negative anaerobic rods become the dominant flora7"*" The paro

tid saliva minute secretion rates of S-IgA made steady increases
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in the six week period with no abrupt changes. However, as men- 

txoned earlier, the concentration of S-IgA in the parotid saliva 

did have its greatest increase after the fourth week of the study, 

and this would be coincident with the time when the bacterial 

population of the plaque would be expected to be undergoing a 

significant shift in the dominant species. Even though these 

weekly increases were not found to be statistically significant, 

the fifth and sixth week increases in concentration were sub

stantial. Further, the analysis of variance indicated that the 

changes m  S-IgA concentrations considered for a full six week 

experimental period were statistically significant. This leads 

to a speculation that the increase in S-IgA concentrations dur

ing the fifth and sixth weeks may have been due to the changing 

nature of the bacterial flora in the plaque, this change bringing 

new antigens into play in the domain of the local immune system. 

However, a generalized increase in the local concentrations of bac

terial antigens, to which the hosts (subjects) had been previously 

sensitized, can not be ruled out as possible causes of the fifth and 

Sixth week increases in parotid S-IgA concentrations. Another study 

utilizing the same experimental design on the same subjects might 

provide information which would shed light upon this fifth and 

sixth week response, i.e., whether these increases in S-IgA con

centration are anamnestic in nature, or whether they represent an 

immune response to new antigen provocation.
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In most external secretions, S-IgA not only is locally 

produced, but also is separate from the "systemic" immune sys

tem due to local antigenic stimulation via some type of dir

ect penetration of antigens to the local immunocompetent cells.^ 

However, in the present case antigens in the plaque must be able, 

to reach immunocompetent cells in the parotid gland to stim

ulate the production of S-IgA. One route of direct "local anti

genic stimulation" in this system would be for plaque antigens 

to traverse Stenson's duct in a retrograde manner to the epi

thelial ducts and tubes of the glands, then to penetrate these 

parenchymal structures to reach immunocompetent cells in the 

gland itself. Although this cannot be ruled out, it does not 

appear to be likely, simply because individual molecules (or, 

possibly, dislodged whole bacteria) would have to move against

the constant current of the resting secretion from the parotid 
. , 84gland. However, it must also be that during the hours of 

sleep resting secretion appears to cease. 85 This fact does at 

least permit the possibility that retrograde ductal delivery 

may be the route for delivery of plaque antigens to the paro

tid glands.

Another possible route of antigen delivery is the system

ic circulation from dental plaque to the parotid gland. Absorp

tion of the antigens involved could possibly occur anywhere
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along the alimentary canal, especially from the oral-cavity to 

the small intestine. One method of determining whether the sys

temic circulation might be involved in the immune response would 

be to observe any serum IgA increase in the subjects as plaque 

accumulation occurs. Tomasi86 feels that since small amounts 
of S-IgA are found in normal sera, the amount may increase in 

certain diseases in which inflammation of mucous membranes 

occur. Serum IgA was not measured in the present study.

If the antigen does not reach immunocompetent cells in the 

parotid gland via the systemic circulation, it might accomplish 

this by traveling directly to the gland via regional lymphatics. 

This would result in a "regional immune response" as opposed to 

a "systemic immune response".

With the exception of the anterior portion of the mandible, 

there are lymphatics that travel along with the veins that drain 

the maxillary and mandibular teeth and the periodontium. These 

veins empty into the maxillary vein that, in turn, joins the 

superficial temporal vein to form the retromandibular vein. 87 
This vein travels through the substance of the parotid gland. 88 

Lymphatics travel along those veins. 8 7 , 8 8 Therefore, there is 

a lymphatic pathway from the teeth and periodontium to the paro

tid gland, excluding the anterior portion of the mandible.
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The purpose of this study was to determine, in human sub

jects over a six week period of withdrawal of all oral hygiene, 

whether a correlation may exist between dental plaque accumu

lation and the rate of secretion and concentration of S-IgA in 

parotid and whole saliva.

Salivary samples were obtained from each of the eighteen 

young male suojects each week and the plaque index scores for 

each subject were recorded. The flow rates of the whole and 

parotid saliva were calculated for each subject. Analysis for 

the concentration of S-IgA in the saliva was carried out by using 

an electroimmunodiffusion (BID) method. 7 8 , 7 9 The minute secre

tion rates of S-IgA were calculated for whole and parotid sali

vary samples by multiplying the concentration of S-IgA by the 

flow rate. Means and standard deviations of the flow rates, the 

concentrations of S-IgA, and the S—IgA minute secretion rates 

were calculated and recorded. Each week plaque scores were 

measured and recorded independently by two periodontal clinicians . 

The mean of the two scores was calculated as the plaque index 

for each subject each week.

A factorial design analysis of variance was performed 

for subjects and weeks on S-IgA whole and parotid minute secre

tion rates, on milligram percentage concentrations of S-IgA, 

on flow ivies or the parotid saliva, and on the subjects1
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plaque indices. These analyses of variance provided an index or 

measure of whether any of these variables changed to a statisti

cally significant degree during the entire six week experimental 

period. The same data was subjected to Duncan's new muluiple 

range tests83 to evaluate whether any statistically significant 

(P < 0.05} differences were present from week to week during the 

six week period.

The Pearson Product—Moment Coefficients of Correlation

were calculated between the means of the subjects' whole and 

parotid S-IgA minute secretion rates and the means of the sub

jects plaque index scores each week. Other correlation coef

ficients were calculated: 1 ) between the weekly means of the 
concentrations of S-IgA in the parotid saliva and the means of 

the subjects' plaque index scores, and 2) between the weekly 
mean flow rates and the plaque scores.

From the results the following conclusions were made:

1. The plaque indices of the subjects increases signifi

cantly over the six week experimental period, although the 

plaque accumulation appears to begin to level off during the 

second week.

2. ihere rs a significant increase in the minute score— 

tion rates of S-IgA from the parotid glands of the subjects 

over the experimental period, probably due to a combination of 

an increase in flow rate over the first three weeks together



with the substantial increase in S-IgA concentration in the 

last two weeks. The increase in minute secretion rates was 

positively correlated with the increase in the accumulation of

66

dental plaque.

3. There is a positive correlation between parotid sali

vary flow rate and the accumulation of dental plaque in human 

subjects. (However, when subjected to Duncan's new multiple 

range test, 83 the parotid flow rate showed no statistically 
significant increase; thus making it difficult to assess the 

significance of the correlation at this time.)

4. The secretion of parotid S-IgA does not begin to de

cline during the six week period of experimental plaque accu

mulation.

5. There are no correlations between dental plaque accu

mulation and whole saliva concentrations of S-IgA or whole saliva 

minute secretion rates of S-IgA in human subjects.

6 . There is a tendency toward a positive correlation be

tween dental plaque accumulation and parotid saliva concentra

tions of S-IgA. However, this tendency is not statistically 

significant.
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ABSTRACT



THE EFFECT OF DENTAL PLAQUE: ACCUMULATION 
ON SECRETORY IgA IN SALIVA

W. Thomas Mitcham, D.M.D.

Creighton University School of Dentistry 
Omaha, Nebraska

The purpose of this study was to determine in human subjects 

whether there is a correlation between dental plaque accumula

tion , parotid and whole secretory IgA (S-IgA) concentrations and 

minute secretion rates of S-IgA over a six week period. Eighteen 

healthy, male freshmen dental students were instructed to refrain 

from oral hygiene care for six weeks. Accumulation of plaque 

on the teeth of the subjects was measured and recorded weekly 

using plaque index scores, and parotid and whole salivary sam

ples were collected on a weekly basis. These samples were 

analyzed quantitatively with respect to flow rate and for con

centration of S-IgA in the saliva using an electro-immunodiffu

sion method. Minute secretion rates of S-IgA were calculated 

for the whole and parotid saliva samples using the flow rates 

and concentrations. The results showed a statistically signifi

cant increase in the minute secretion rates of S-IgA from the 

parotid glands of the subjects over the experimental period.

This increase was probably due to a combination of an increase 
in flow rate over the first throe weeks together with a substan

tial increase in S-IgA concentration in the last two weeks.



The increase in minute secretion rates was positively correla

ted with a statistically significant increase in the accumula

tion of dental plaque. There were no correlations between 

dental plaque accumulation and whole saliva concentrations or 

minute secretion rates of S-IgA in the subjects.
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