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Carious LI -ens in Cotton Rat Molars. 11. Effect of Removal of Principal 
Salivary Glands.* 

JAMES H. SHAW AND DAVID WEISBERGER. 
From the School of Dmtal Nedicine and Department af Mutrition, Sclwol of Publie Health, 

Harvard University, Boston, Mass. 

An appreciable increase in susceptibility to 
dental caries has been observed in albino rats 
which were maintained on coarse particle diets 
after the removal of some or all of the prin- 
cipal salivary glan&.14 Similarly, a sub- 
stantial increase in susceptibility to tooth de- 
cay has been observed in Syrian hamsters 
after the extirpation of the major salivary 
glands5 The dliets used' in these investiga- 
tions were composed primarily of natural 
foodstuffs. In the present experiments, the 
principal salivary glands of weanling cotton 
rats were removed prior to periods of main- 
tenance on caries-producing, purified rations 
to &ermine if this procedure would result in 
a greater number and extent of carious lesions 
and a different distribution of the lesions with 
respect to the various tooth surfaces. 

Experimental. The cotton rats to be used 
in this experiment were separated from their 
mothers at  14 days of age and divided into 
two groups, equal with respect to parentage, 
sex and weight. The individuals in the one 
group were kept as intact controls, while the 
principal salivary glands of the cotton, rats in 
the other group were removed under ether 
anesthesia. After the operation, each animal 
was placed in an individual wire-bottom cage 
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with access t0 water and to either of 2 caries- 
producing purified rations ad libitum. Half of 
the cotton rats in each of the experimental 
and control groups were provided with ration 
100.O The basal composition of this ration 
was: sucrose 67%, casein 24%, salt mixture 
4% and corn oil 5%,  supplemented with 
adequate amounts of the fat-soluble vitamins, 
the B vitamins a d  liver concentrates to per- 
mit normal growth. The other half of the 
cotton rats in each of the intact and operated 
groups was fed a caries-producing ration of 
slightly lower catiesproduung properties, ra- 
tion 130, which was a slight variant of ra- 
tion 100 attained through the isocaloric re- 
placement of 18 of each 67 parts of sucrose 
by 8 parts of lard by weight. When rations 
comparable to ration 130 were fed1 after the 
development of the teeth was largely com- 
plete, the carbohydrate-protein-fat distribu- 
tion has been shown previously to 'be border- 
line in its ability to reduce the susceptibility 
of the molar teeth of cotton rats to the initia- 
tion and development of carious lesions during 
a 14 week experimental At the 
end of 12 weeks after desalivation, all cotton 
rats were sacrificed and the number and ex- 
tent of the carious lesions determined for each 
animal by previously described criteria.lOJ1 
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TAI3IX I. 
Effect of Extirpation of Prineilial Salivary Gl;indR on Rate of Growth and Incidence end Extent 

of Carious Iiesions in the Cotton Rat. 
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the experimental period and the average 
number and extent of carious lesions developed 
in intact cotton rats and littermates from 
which the major salivary glands were removed 
are presented in Table I. Those cotton rats 
which had had their principal salivary glands 
remcved prior to 12 weeks maintenance on 
ration 100 had a 53% higher average number 
of carious lesions and a 110% higher average 
extent of carious lesions than their intact 
littermates which had been fed ration 100 for 
the same period. Likewise. the desalivated 
animals which had been maintained on ration 
130 had a 47% higher average number of 
carious lesions and a 100% increase in the 
average extent of carious lesions over that 
demonstrated by their normal littermates 
which had received ration 130. These in- 
creases in average number and average ex- 
tent of carious lesions were sufficiently large 
to be judged statistically significant for both 
rations. -4s has been previously demonstrat- 
ed, the intact cotton rats which were main- 
tained on ration 130 for the 12 week experi- 
mental period had a slightly lower average 
number and average extent of carious lesions 
than their normal littermates which were 
maintained on ration 100. Likewise, the de- 
salivated cotton rats which were maintained 
on ration 130 had an appreciably lower 
average number and average extent of carious 
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lesions than their desalivated littermates which 
were maintained on ration 1 0  throughout the 
experimental period. Thus the postdevelop 
mental caries-retarding effect of ration 130 
occurred not only in normal but in desalivated 
cotton rats and: to approximately the same 
degree in both the intact and operated animals. 

Despite the fact that the average number 
and the average extent of the carious lesions 
were significantly higher in desalivated cot- 
ton rats than in their intact littermates, d- 
most all carious lesions in intact and operated 
animals developed in the sulci of the molars 
except for a few lesions on the proximal sur- 
faces of the molars. The increased Occurrence 
of carious lesions in desalivated cotton rats 
was a result of the involvement of a higher 
percentage of the sulci and of the proximal 
surfaces than occurred in nmmal animals. No 
carious lesions were found on the smooth sur- 
faces nor on the occlusal surfaces in either 
intact or desalivated animals. 

At the end of the 1 2  week experimental 
period, the crowns of the molars in all 4 
quadrants of the desalivated cotton rats which 
had received ratior. 100 had been considerably 
reduced in volume by tthe carious processes 
and the subsequent fracture of undercut cusps. 
The remaining areas of the smooth surfaces 
were heavily covered with food debris but 
no gross lesions were observable under &is 
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material by the methods of detection used. 
In .the cotton rats fed ration 130 much less 
of the molar crowns had been destroyed by 
the carious processes; thus the size of the 
smooth surfaces had not been reduced as 
much but were as heavily covered with food 
debris. -4gain no carious lesions were ob- 
served on the smooth surfaces. Thus the rela- 
tive distribution of carious lesions on the vari- 
ous tooth surfaces in the desalivated cotton 
rat appeared to be identical with that in the 
normal cotton rat. 

The rate of growth was approximately the 
same for normal cotton rats receiving rations 
100 and 130. The rate of growth for the 
desalivated cotton rats was appreciably less 

than for their intact littermates. This reduc- 
tion in rate of growth was greatest in the 
animals which received ration 100 throughout 
the experimental period. 

The removal of the principal 
salivary glands of cotton rats prior to main- 
tenance on purified, caries-producing rations 
resulted in a significantly greater average 
number and average extent of carious lesions 
than was observed in tlreir intact littermates 
maintained under otherwise identical experi- 
mental circumstances. No alteration in the 
relative distribution of the lesions with re- 
spect to the various tooth surfaces resulted 
from the removal of the major salivary glands. 

Summary. 
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4‘-Carboxyphenylmethanesulfonanilide (ca- 
ronamide) inhibits concentration of phenol 
red in the lumina of the tubules of frog kidney 
slices.+ This observation suggested that it 
might be of interest to study the activity of 
various other substances as inhibitory agents. 
A number of compounds have been studied. 
These have been mainly carboxylic acids; 
however, the present communication is 
concerned only with derivatives of cinchoninic 
acid. A recent study in this laboratory has 
revealed that certain derivatives of cincho- 
ninic acid inhibit a water diuresis in the d0g.l 
Some of these compounds have been found to 
increase uric acid excretion in man.24 The 
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t Dr. E. K. Marshall, Jr., in conjunction with 
Dr. ftoy 1’. Forster, made this obscrvation on the 
fish kidney (flounder) in Maine in the  summrr of 
1947. 
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experiments described in this report show that 
the appearance of phenol red color in the 
lumina of the tubules in frog kidney slices is 
inhibited by certain of these substances.4 

Procedure. A modification of the method 
of Forster has been used.6 Both kidneys of a 
frog (Rana pipiens) were removed and sliced 
transversely into sections approximately 2 0 0  
microns in thickness. The slices were mixed 
and distributed to 12  small Petri dishes each 
containing 5 ml of the solution described by 
Forster.3 The concentration of phenol red 
used was 0.03 millimoles per liter. The sub- 
stances being tested were dissolved in this 
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plying the cinchonink acid derivatives. 




