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Various investigations have indicated that 
antibodies may be present in human and ani- 
mal saliva. Salivary proteins, serologically re- 
lated to plasma albumin and U, p ,  and y glo- 
bulins, have been identified( 1-5). I t  has been 
claimed that diphtheria antitoxin (6)  and ag- 
glutinins against Brucella melitensis ( 7 )  are 
present in human mixed saliva. Kraus and 
Konno(8), in a study of the capability of in- 
digenous human oral bacteria to stimulate the 
production of antibodies, have stated that 
antibodies appeared in whole saliva only when 
they were present in serum. Utilizing paren- 
terally administered P1 labelled proteins, 
some of which subsequently appeared in sa- 
liva, Tung and Schein(9) have concluded 
that proteins are transferred from blood to 
saliva. 

These findings imply that the salivary 
glands may permit passage of certain serum 
proteins. The present effort was directed to- 
ward obtaining further knowledge as to the 
origin of salivary proteins. 

Materials and methods.  Human parotid 
fluid, submandibular fluid, and serum were 
assayed for tetanus and diphtheria antibodies 
using the hemagglutination procedure de- 
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scribed by Levine et aZ( 10). The cells were 
prepared by suspending defibrinated horse 
blood in 10 volumes of sterile saline, mixing 
and centrifuging ( 5  minutes a t  2,000 rpm) 3 
times. One milliliter of the washed, packed 
cells was diluted with 40 ml buffered saline 
(pH 7.2) to obtain a 2.5% suspension. The 
cells were tanned by adding one volume of 
1:25,000 reagent grade tannic acid in saline 
to an equal volume of 2.5% red cell suspen- 
sion in pH 7.2 buffer and the mixture incu- 
bated a t  room temperature for 10 minutes. 
This was followed by a 10-minute centrifu- 
gation at  1500 rpm and 2 washings with pH 
7.2 buffered saline. The cells were then re- 
suspended to 2.5% and separate portions 
sensitized to diphtheria and tetanus toxoids 
as follows: 4 volumes of pH 6.4 buffered sa- 
line containing sufficient toxoid such that the 
final mixture was 30 Lf per milliliter was 
added to one volume of 2.5% tanned cells. 
The incubation was a t  room temperature, fd- 
lowed by centrifugation at  1,500 rpm for 5 
minutes and one washing with 1:250 normal 
rabbit serum in saline which had been in- 
activated at  56°C for 30 minutes and filtered. 

The samples to be tested were also inacti- 
vated a t  56OC for 30 minutes and dilutions 
made in saline containing 1% normal rabbit 
serum so that 2-fold serial dilutions would 
bracket the end point. The 2-fold serial dilu- 
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0.5 ml in each tube. NIH standard antitoxin 
was used as the standard of unitage. The 
diphtheria standard contained 6 units per ml 
and the tetanus standard contained 5 units 
per ml. Two-fold serial dilutions of the anti- 
toxins in 1% NRS were made with the first 
tubes having a dilution of 1 : 384 diphtheria 
antitoxin and 1 : 1280 tetanus antitoxin. Then, 
0.05 ml of the tanned, sensitized cells were 
added to each tube, the racks of tubes vigor- 
ously shaken in order to disperse the cells 
evenly and allowed to stand for 2 hours a t  
room temperature. 

The end p i n t  of each series was the tube 
containing the last positive agglutination and 
contained the same unitage per ml as the end 
point tube of the known standard antitoxin. 

Stimulated parotid saliva was obtained 
using a modified Carlson-Crittenden vacuum 
cup ( 1 1 ) . A submandibular collector ( 1 2  ) was 
used to obtain submandibular fluid. Blood 
was collected by venipuncture. All collections 
were undertaken at  the same time of day and 
were made preprandially. 

Samples of parotid and submandibular sa- 
liva and serum were obtained from 16 male 
subjects and assayed for tetanus and diph- 
theria antibodies. Height of serum titers was 
used to select 9 persons for the study. Four 
subjects had been ,recently immunized against 
tetanus and diphtheria and had high serum 
titers. Four others had not been immunized 
recently and had relatively low serum titers. 
These 8 persons were then given a booster 
dose of combined tetanus (1 Lf dose) and 
diphtheria (1 Lf dose) toxoids. The last sub- 
ject had high serum titers, but did not re- 
ceive to'xoid and was maintained as a control. 
Samples of blood and saliva were then col- 
lected biweekly until the serum titer reached 
a peak and started to decline. 

To determine if the hemagglutinins in sali- 
va were actually tetanus and diphtheria anti- 
bodies or were a nonspecific substance, paro- 
tid and submandibular fluids and serum were 
tested using unsensitized tanned horse cells. 

Samples of serum and saliva were then ad- 
sorbed using unsensitized tanned horse eryth- 
rocytes. Aliquots of each sample were treated 
twice with 0.1 ml, 0.2 ml, and 0.3 ml volumes 
of cells per ml of test fluid. The treated se- 

rum and saliva were also tested against teta- 
nus and diphtheria toxoid sensitized and un- 
sensitized tanned cells. 

The stability of the salivary hemagglutinin 
was tested by freezing and thawing subman- 
dibular fluid. To indicate if the hemaggluti- 
nation phenomenon observed with saliva was 
species specific or related to group specific 
substances, hemagglutination tests were per- 
formed, using erythrocytes from several spe- 
cies. Cells from the rabbit, dog, sheep and 
man (type AB+, 0-), were tested. Also, 
samples of submandibular fluid from each of 
the nine subjects were tested against their 
own erythrocytes . 

Results. A significant increase in the serum 
hemagglutinin titers occurred after adminis- 
tration of the toxoid (Table I). The hemag- 
glutinin titers of parotid and submandibular 
saliva, however, remained constant. I t  was 
also noted that prior to administration of the 
toxoid all of the diphtheria and 5 of the teta- 
nus hemagglutinin titers in the submandibu- 
lar fluid were greater than the serum values. 
Parotid and submandibular fluids, but no't 
serum, were able to agglutinate unsensitized 
horse erythrocytes. The parotid fluid had a 
lower hemagglutinin titer than the subman- 
dibular fluid. Parotid fluid lost its agglutina- 
tion ability when diluted more than %fold, 
while hemagglutinin was still detectable in 
the submandibular fluid after 3 2,000-fold di- 
lutions. 

Parotid fluid adsorbed with 0.1 ml or more 
erythrocytes was unable to agglutinate un- 
sensitized tanned cells. However, it was nec- 
essary to use the 0.3 ml volume of erythro- 
cytes before the submandibular fluid became 
unreactive with unsensitized tanned cells. 
Parotid and submandibular fluids, after ad- 
sorption, were also unable to agglutinate teta- 
nus and diphtheria toxoid sensitized cells. In 
contrast, all serum hemagglutinin (antibody) 
titers against toxoid-sensitized tanned cells- 
as low as 01.0104 units-were unaltered by this 
adsorption procedure. 

Addition of purified tetanus and diphtheria 
toxoids to serum and saliva produced com- 
plete neutralization of the serum hemagglu- 
tinins, but did not alter the parotid and sub- 
mandibular hemagglutinin titers. 
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Comparisons of saliva titers obtained with 
toxoid-sensitized and unsensitized tanned 
cells showed that the highest hemagglutinin 
titers were obtained with unsensitized cells, 
while the lowest titers were noted when teta- 
nus-sensi tized cells were employed. This in- 
dicated that the interaction of a specific anti- 
gen (tetanus and diphtheria) with the eryth- 
rocytes inhibited their agglutination by sa- 
liva. Freezing and thawing of submandibular 
fluid caused precipitation of an appreciable 
amount of the mucoprotein present in this 
fluid, but had no noticeable effect on the he- 
magglutinating activity . 

Submandibular saliva was able to aggluti- 
nate cells from the rabbit, dog, sheep, and 
man (AB+, 0-), with the titers showing 
minor variations according to the species 
tested and was able to agglutinate human 
cells regardless of blood type and presence or 
absence of the Rh factor. 

Discussion. The results presented indicate 
that diphtheria and tetanus antibodies are not 
transferable from blood to pure parotid and 
submandibular secretions via the salivary 
glands. In addition, it would appear that the 
salivary glands are not capable of synthesis 

of these proteins. These results are consistent 
with the findings of Tomasi and Zigelbaum 
(13) who have found the salivary globulin is 
of the y,A type with a 11s sedimentation 
rate. The tetanus and diphtheria antibodies 
are of the y 2  globulin type, predominant in 
blood and having a 7s sedimentation rate. 

Previous investigations have demonstrated 
that fluid enters the oral cavity from the gin- 
gival sulcus or pocket ( 14,lS). In addition, 
electrophoretic studies have shown the pres- 
ence of several serum components in this 
crevicular fluid( 16,17). More recently, it was 
demonstrated that the fluorescein-bound com- 
ponent (protein) in serum was found in the 
crevicular fluid and whole saliva( 18). How- 
ever, when pure parotid and submandibular 
saliva was obtained, no fluorescence was ob- 
served. The authors concluded that gingival 
tissue fluid contributes to the protein content 
of whole saliva. Many earlier immunochemi- 
cal investigations have utilized whole or 
mixed saliva. Thus, the possibility must be 
considered that the salivary antibodies' previ- 
ously noted actually originated from the 
crevicular fluid. 

The data obtained in the current investiga- 
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tion indicate that a heterogenic hemagglutinin 
exists in pure parotid and submandibular 
fluids. This is supported by the findings of 
Beutner et al(  19) who observed hemaggluti- 
nation reactions in extracts of rabbit salivary 
glands. This substance may have been re- 
sponsible for the apparent specific hemagglu- 
tinins (antibodies) described in previous in- 
vestigations where adequate adsorptive proce- 
dures had not been utilized. 

Summary. Human parotid fluid, subman- 
dibular fluid, and serum were assayed for 
tetanus and diphtheria antibodies. Significant 
increases in serum diphtheria and tetanus 
antibody titers occurred subsequent to toxoid 
administration. The antibody titers of pure 
parotid and submandibular saliva, however, 
remained constant. Saliva appears to contain 
a heterogenic substance which is able to ag- 
glutinate cells from horse, rabbit, dog, sheep, 
and man regardless of blood type or Rh fac- 
tor. 
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