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Among the several apparently non-specific 
antibacterial systems, Jacox( 1 ) described a 
bactericidin for Bacillus subtilis present in 
human serum which becalme enhanced during 
the acute phase of many illnesses. He found 
this serum bactericidal factor required cal- 
cium ions for its potentiation. More recently, 
Myrvik and Weiser ( 2 ) ,  investigating a simi- 
lar or identical bactericidin for Bacillus sub- 
tilis, reported relatively high concentrations 
in the sera of rabbits and rats, whereas sera 
from guinea pigs, dogs, cows and humans 
possessed low or undetectable levels of activ- 
ity. Marked elevations in titer were noted in 
the human during acute phase of many ill- 
nesses. They found heating at 60°C for 2 
hours at  pH 7.4 inactivated the bactericidin. 
Evidence was presented indicating that this 
bactericidin is distinct from lysozyme, prop- 
erdin or heat labile components of comple- 
ment. Myrvik et nl. (3) later demonstrated 
that both calcium and bicarbonate ions are 
required for the human system, whereas only 
bicarbonate is required in rabbit and rat se- 
rum. At least 2 nondialyzable fractions par- 
ticipate in this system(4). 

I t  has been postulated that the innate re- 
sistance of the oral cavity is in part due to 
antibacterial systems of the saliva. The 
knowledge regarding the presence of such sys- 
tems in the saliva is mainly confined to lyso- 
zyme( 5 , 6 )  and a bactericidin for lactobacilli 
(7,8). The present communication is con- 
cerned with the levels and compunents of the 
Bacillus subtilis bactericidin in sera and sa- 
liva of humans and selected animal species. 

Method. Pilocarpine-stimulated whole 
saliva was collected from New Zealand rab- 
bits, Chase strain guinea pigs(9) and 
Sprague-Dawley rats ( 10). Paraffin was used 
to stimulate the flow of saliva in the human. 
,411 specimens of whole saliva were centri- 
iuged :it 3,000 rpm for 5 minutes at 4°C and 
sterilized by passage through a Swinney filter. 
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The first 0.25 ml was discarded and the re- 
maining sample was stored at  -3OOC until 
used. 

The strain of Bacillus subtilis employed for 
titration of bactericidin activity was kindly 
supplied by Dr. Quentin Myrvik. It was 
maintained on either nutrient agar slants or 
nutrient broth. 

The method for assaying sera and saliva 
are modifications of the method described by 
Myrvik and Weiser (2). Prior to titration, the 
serum and/or saliva was adjusted to pH 7.0- 
7.2 with 0.1 N HCl. The bactericidal activ- 
ity of the material to be tested was assayed 
by 2-fold serial dilutions in physiological sa- 
line to give a find volume of 0.5 ml. Each 
tube was inoculated with 0.1 ml of a stand- 
ardized suspension of Bacillus subtilis. In  
the case of serulm, this was prepared by cen- 
trifuging a 3-hour nutrient broth culture and 
resuspending the organisms in sterile saline to 
obtain an optical density reading of 0.028 at 
540 mp with a 6A Coleman Jr. spectropho- 
tometer. Since saliva does not contain suf- 
ficient nutrient to support the growth of the 
organism, the centrifuged 3-hour nutrient 
broth culture was resuspended in 107; Tryp- 
ticase Soy broth also to obtain an optical 
density reading of 0.028 at  540 mp.t After 
thorough mixing, the inoculated tubes were 
incubated in a 37°C water bath for 3 hours. 
The endpoint was expressed as the highest 
dilution of serum or saliva in which no visible 
growth of Bacillus subtilis was evident. 

For quantitative comparison, bactericidal 
activity is expressed in units representing 
doulble the reciprocal of the maximum num- 
ber of times 0.5 ml of saliva could be diluted 
and still inhibit growth of the assay organ- 
ism. 

To separate the cofactor(3), one volume 
of rat serum was dialyzed against 15 volumes 
of deionized water at 4°C for 48 hours in a 

t Utilizing both methods with specimens of sera 
identical results were obtained. 



TABLE I. Baetericidin Levels in Some Mamma- 
lian Sera and Saliva. 

so. of Ractericidin, units/ml 
Sourcc sub jwts Serum Saliva 

Guinea pig 20 < 2-2 <2 

Huiiian 10 < 2-2 <3 
Rabbit 10 16-32 4 4 3  

Rat 10 16-64 <2 

rotating dialyzer; the dialyzed serum was 
stored at  4OC. The dialysate containing the 
cofactor was concentrated by lyophilization 
and reconstituted with deionized water to the 
original volume. 

Results. EBect of filtration. Since it was 
desirable to filter and sterilize the small 
quantities of saliva collected, the effect of fil- 
tration on the bactericidin was investigated. 
Rabbit serum which had been adjusted to pH 
7.0-7.2 with 0.1 N HCl was passed through a 
Swinney filter. The first 0.25 ml of the serum 
which passed through the filter and the re- 
maining portion were collected separately 
and assayed for the R .  subtilis bactericidin. 
A sample of the same unfiltered rabbit serum 
served as a control. It was noted that the 
first aliquot yielded a filtrate with approxi- 
mately 50% of the original activity, whereas 
the level of activity of the remaining aliquot 
was the same as the unfiltered control. 

Bactericidiit activity in some mamntalian 
saliva aRd sera. In Table I the bactericidin 
activity of serum and saliva of animals tested 
is summarized. Sera of rabbits contained 16- 
32 unlits of bactericidin per ml and saliva 
from the same animals yielded 4-8 units per 
ml. Rat sera demonstrated bactericidin ac- 
tivity in the range of 16-64 units per ml, 
whereas, in marked contrast, no activity was 
found in the saliva from the same animals. 
In the case of the guinea pigs and healthy 
humans, the serum contained < 2  - 2 units of 
bactericidin activity per ml and the salivas 
similarly displayed no inhibition. 

Components in rat salivn. It is notable 
that although both the rat and rabbit pos- 
sessed high serum levels, the rat did not dem- 
onstrate any salivary bactericidin activity. 
To determine which component (s) were 
lacking in rat saliva, a series of experiments 
were carried out. 

One volume of untreated rat saliva was 
added to one volume of heat inmtivated rat 
serum (60°C/2 hr pH 7.4). The results of 
the bactericidin test indicated that addition 
of the heat stable (cofactor) portion of the 
system present in the serum did not supply 
bactericidin activity to the rat saliva. More- 
over, the addition of bicarbonate ions, the 
previously demonstrated cofactor in the rat 
serum system(3), in varying amounts from 
125 to 500 pg per ml did not provide activ- 
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ity to the rat saliva. 
By dialysis, the bactericidin system of se- 

rum was separated into 2 components; name- 
ly, the dialyzable portion which contains the 
cofactors and the non-dialyzable portion. In 
order to provide additional information on 
the components in rat saliva, rat serum was 
dialyzed and reconstituted as described. 
Equal volumes of untreated rat saliva and 
rat serum cofactor were added as well as 
equal volumes of non-dialyzable component 
of rat serum and untreated rat saliva. Each 
combination and controls were assayed for 
bac tericidin activity . 

A typical result is illustrated in Table 11. 
Addition of rat saliva to the dialyzed-inacti- 
vated rat serum reestablished the bactericidin 
activity, whereas addition of cofactor to the 
rat saliva did not potentiate the system. 

Discussion. The bactericidin for Bacillus 
suhtilis studied appears to be identical with 
the system described by Jacox( 1) and Myr- 
vik and Weiser(2). The appearance of the 
bactericidin in the saliva, although in de- 
creased titer, parallels those previously re- 
ported in sera'of the various animal species 
kith th,e exception of the rat. None was 

I',-ZHT,E TT. Effect of Dialysis and Recombination 
o i l  the Baril1~i.r subtilis Bactericidin of the Rat. 

Bactericidin, 
Substance uni ts/ml 

. . .  

Herum 16 
Dialyzed sewin <3 
Cofactor" <:: 
Cofactor + dialyzed seruni (1 : 1) 8 
Cofactor + saliva (1 : 1) <3 
Saliva + dialyzed serum (1 : 1) 16 

* Cofactor is contained in the dialyzable portioii 
of the sera. It. i s  l yo~~ l i i l i zd  and reaonatit,uted to 
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found in either the sera or the saliva of the 
human and guinea pig; on the other hand, 
saliva of the rabbit contained about the 
bactericidin activity found in the sera. In 
the case of the rat, however, an animal which 
consistently demonstrated a high serum titer, 
none was detected in the saliva. The basis 
for this unexpected dichotomy was sought. 

The results with the saliva of the rat indi- 
cate that the cofactor is present, whereas the 
non-dialyzable heat labile portion is lacking. 
This is confirmed by the inability of heat- 
inactivated rat serum to be reactivated by un- 
treated rat saliva. Also, addition of cofactor 
did not potentiate the sysem? whereas addi- 
tion of rat saliva to the dialyzed rat serum, 
from which the cofactor is missing, reestab- 
lished the bactericidal system. 

The components of the saliva are suspected 
to be derived mainly from the plasma. As 
in the case of the kidney, the process is selec- 
tive and, of course, variation between species 
is expected. For example, lysozyme, an anti- 
microbial enzyme found in high concentration 
in the polymorphonuclear leucocyte, was 
found to be present in both saliva and serum 
of the rat ( 11 ) . Intravenously administered 
penicillin passed into the salivary secretions 
of the rat in high concentration( 11). The 
present findings serve to emphasize the selec- 

tive capacity of the salivary glands and the 
variability in this selectivity among the mam- 
mals studied. 

Summary. 1. Sera and saliva from hu- 
mans and guinea pigs possessed very low or 
undetectable amounts of the bactericidin for 
B .  subtilis. 2. Rabbit saliva possessed g-5 
the rabbit serum level. 3. The serum of the 
rat contained high levels of this bactericidin, 
whereas rat saliva demonstrated no activity. 
The non-dialyzable portion of the bactericidal 
system was lacking in the saliva; the cofac- 
tor was present. 
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The glycogen content and distribution in 
the adrenal cortex of the white rat has been 
studied by a number of investigators ( 1,2). 
As demonstrated histochemcially by the peri- 
odic acid Schiff (PAS) reaction, glycogen in 
this species concentrates in granular form in 
the cytoplasm of the cells of the fascicular 
and reticular zones, and is either absent or 
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present in very small quantities in the glo- 
merulosa. Haynes et al . (3 ,4)  suggest that 
adrenocorticotropin ( ACTH) acts to stimu- 
late adrenal phosphorylase activity via an ef- 
fect on adenosine-3’-5’-monophosphate. In 
the light of this theory the presence of con- 
siderable stored glycogen in the inner zones 
would seem reasonable since this is the area 
which responds most acutely to stress or 
ACTH and, therefore, should require a read- 


