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Effect of Fluorides and Other Solutions on Solubility of Powdered Enamel 
in Acid. (22633) 

JOSEPH C. MUHLER. 
Indiana University, Department of Chemistry, Bloomington. 

Considerable interest has been shown re- 
cently in the sarcasinates and in dehydroace- 
tate as possible inhibitory agents of human 
dental caries. It has been suggested that 
mechanism of action [in this regard is the in- 
hibition of acid formation in the mouth 
through interference with enzyme activity( 1). 
However, a recent publication ( 2 ) suggests 
that the sarcosinates are as effective as fluor- 
ides in decreasing the solubility of powdered 
enamel in acid and, thus, may be of impor- 
tance in prevention of dental caries by this 
mechanism also. Since stannous fluoride 
has been shown to be considerably more ef- 
fective than sodium fluoride in reducing 
enamel solubility ( 3  ) , experimental dental 
caries in rats(4) and hamsters(S), and hii- 
man dental caries when applied topically( 6) 
or in a dentifrice( 7 ) ,  it was of interest to com- 
pare sodium N-palmitoyl sarcosinate with 
stannous fluoride. Similarly, sodium oxa- 
late(8) has been suggested as possessing 
“fluoride-like” protection action on enamel, 
and it was of interest to compare this c m -  
pound with stannous fluoride and sodium N- 
palmi toy1 sarcosiinate. 

Methods. The procedure used for meas- 
uring the effectiveness of the 5 compounds 
has been dexribed(3,9). In this study, a 
5.0-ml portion of an aqueous solution of the 
compound to be studied was added to a 100- 
mg portion of powdered enamel. In all in- 
stances the solutions were used as p r e p r d  
without adjustment of the pH. After the mix- 
ture was shaken for 20 minutes at 25OC it 
was promptly centrifuged. The clear super- 
natant was decanted and 1.0 ml of redistilled 
fluoride-free water was used to wash the 

enamel. The supernatant and the wash solu- 
tion were combined and suitable aliquots were 
analyzed far phosphorus( 10). This served 
as a measure of the amount of decalcification 
occurring during the treatment period with 
any of the proposed protecting solutions. Fol- 
lowing this, 10.0 ml of 0.2 N acetic aoid (pH 
4.0) wals added to the powdered enamel, and 
the mixtulre was shaken for 20 minutes as be- 
fore. Following prompt centrifugation the 
supernatant solution was decanted, the enamel 
was washed, and the combined solutions were 
analyzed for phosphorus. Controls were run 
in the Same manner except that distilled water 
was used in place of the treatment solutions. 

The amounts of phosphate diswlved by the 
treatment solution (fluoride, sarcoslinate, de- 
hydroacetate, or oxalate) and by the decalci- 
fication solution (acetic acid) were combined 
to give a figure representing the total amount 
of tooth substance lost. The effectiveness of 
each treatment solution was then calculated 
by comparing this value with the correspond- 
inlg control value (for untrmted enamel), and 
expressing the result as percentage reduction 
in solubility. 

Results. The data obtained are presented 
in Table I. The stannous fluoride was by 
far the most effective compound tested ; a 1 % 
solution reduced enamel solubility by 8676, 
and a 0.1% solution was 85% effective. Un- 
der similar conditions, sodium fluoride re- 
duced enamel solubility by 44 and 36%, re- 
spectively. The sodium N-palmitoyl sarcos- 
inate was only moderately active, a 1.0% 
solution reducing the solubility of the pow- 
dered enamel by only 20% and a 0.1% sulu- 
tion by only 4%. Volker et al. ( 2 )  also evalu- 
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TABLE I. Eff ccts of Stannous Fluoritle, Sodiiini Fluoride, Sodiiini S-Yalniito>l Sarcosinate. 
Sodium Dehydroacetatc, and Sodiuni Osaiate on Solubility of Powdered Tooth Enamel in Acid. 

S o .  of P lost P lost dur- Reduction in 
Concentra- s:imples during ing ;wit1 enamel sol- 

Conlpoll’lil tion ( g  1)H iiseil protection trcntniciit ubility (%) 

Stniiiioiis tliiori(le 1 .o 
.1 

Sodiiiiii ” 1.0 
.1 

” S-palniitoyl 1 .(I 
snrcosinate t .1 

” deliy1ro:icetatc 1 .0 
.1 

” ossl:ltc~ 1.0 
.1 

Control (distillctl water) 

3.5 
3.; 
7 i )  

ti. T 
8.5 
8.2 

3.8 
4.1 

ti.:; 
6.9 

.- 

- -  
;>..I 

(mg P/100 mg c11;llllt~l) 

I 0  .09 3 8  
72 .Ol ..YO 

10 .14 1.80 
14 .40 1.84 

2.2s 12 .aa 
14 .1ti 3.20 

t! .36 
8 .30 3.13 

7 0  .I 0 3.3 (i 
10 . 3 i  3.20 

24 .40 3.10 

-- 

96.6 -t 1.9” 
R5.4 f 1.6 
44.3 & 4.1 
36.5 f 4.0 
20.0 f 3.5 

4.0 f .Y 

5.0 f 1.1 
2.0 f 2 
1.0 f .oe 

-_ 

* Stantl. clcv. t The purity of this conipoun~l was Y.5.3%. 

ated a 0.01% solution, but. since a 0.1% predicting potentially useful compounds. It 
solution was so ineffective in these studies. is interesting, however. to note that studies 
the lower concentration was not investigated. have already indicated the superiority of 
Sodium dehydroacetate and sodium oxalate stannous fluoride over sodium fluoride when 
were not effective to any appreciable degree 
in reducing the solubility of powdered dental 
enamel. 

Discussion. These data demonstrate that. 
under the conditions of this study. the 2 
fluoride salts are markedly superior to sodium 
N-palmitoyl sarcosinate and dehydroacetate 
in their ability to decrease the solubility of 
powdered enamel, and that stannous fluoride 
is considerably more effective than sodium 
fluoride. Sodium oxalate is without effect. 
The results with the sarcosimte are in con- 
trast to those of Volker et d ( 2 ) .  who found 
the effect of this compound to be equal to 
that of sodium fluoride. In the present study. 
the sarcosina te was essentially ineffective even 
at  10 times the concentration tested by \‘olker 
ct  QZ. This discrepancy is particularly dificult 
to understand since results obtained for so- 
dium fluoride were quite similar in the two 
investigations. Since most studies of this na- 
ture ‘serve only to screen potential anticario- 
genic substances, one should accept all such 
results as  presenting only suggestive evidence 
as to how they might act in reducing human 
dental caries. The final criterion for such an 
evaluation must be the demonstration of ef- 
fectiveness by dental caries studies. However, 
laboratory studies are of considerable value in 

applied topically (6)  or when incorporated in 
a dentifrice( 7). The suggestion of usefulness 
for the sarcosinate on the basis of enamel 
solubility reduction is not in keeping with 
the proposed mechanism for reduction of 
caries by an antienzyme action. Indeed, the 
present data cannot be interpreted as sug- 
gesting a fluoride-like action for the sarcos- 
inate, dehydroacetate, or sodium oxalate. 

Summary. The solubility of powdered hu- 
man tooth enamel was measured after treat- 
ment with stannous fluoride, sodium fluoride, 
sodium r\; .palmitoy1 mrcosinate. sodium de- 
hydroacetate, or sodium oxalate by a method 
which measures the amount of phosphorus 
dissolved from the treated enamel by acetic 
acid. The data indicate that stannous fluor- 
ide is markedly superior to Lsodium fluoride 
and that the sarcosinate is of only question- 
able value in its ability to reduce powdered 
enamel solubility . Sodiuni dehydroacetate 
and sodium oxalate were without effect in de- 
creasing the solubility of powdered enamel. 

The author wishes to acknowledge the technical 
assistance of Mrs. Dorothy McRinney throughout 
this stud!.. 

1 .  Fosdick, L. S., Calandra, J .  C.. Blackwell, R. Q., 

2.  Volker, J. F., Fosdick, L. S., Manahan, R. D., 
and Burrill, J. H., J .  Dent.. Res., 1953, v32, 486. 



CHLORPROMAZINE COUNTERACTION OF TRAUMA DEATH 85 I 

and Manly, R.  S., PROC. SOC. EXP. BIOL. AND MED., 
1955, v87, 332. 

3. Muhler, J.  C., Day, H. G., and Nebergall, W. H., 
J .  Dent. Res., 1952, v31, 756. 

4. Muhler, J.  C., Nebergall, W. H., and Day, H. G., 
J .  A .  D .  A., 1953, v46, 290. 

5 .  Radike, A. W., and M.uhler, J.  C., J .  Dent. Res., 
1953, v32, 807. 

6. Howell, C. L., Gish, C. W., Smiley, R. D., and 
Muhler, J .  C., J.A.D.A., 1955, v50, 14. 

7.  Muhler, J .  C., Radike, A. W., Nebergall, W. H., 

8. Cleland, M. R., and Sanders, R. G., ibid., 1955, 

9. Muhler, J. C., Boyd, T. M., and Van Huysen, 

10. Fiske, C. H., and Subbarow, Y., J .  Biol. Chem., 

and Day, H. G., ibid., 1955, v51, 556. 

~50, 422.  

G., J .  Dent. Res., 1950, v29, 182. 

1925, v66, 375. 

Received June 11, 1956. P.S.E.B.M., 1956, v92. 

Chlorpromazine Counteraction of Trauma Induced Death.” (22634) 

LYLE V. BECK AND THOMAS F. REDICK.~ 
Departmnt of Physiology and Pharmacology, School of Medicine, University of Pittsburgh. 

Chlorprommine( 1) has been reported to 
have a pronounced protective action against 
death induced in dogs by severe hemorrhage 
(2,3) and in rats by tumbling trauma(3). 
This paper deals with the counteraction by 
chlorpromazine of hemoconcentration and 
death induced in mice by tourniquet trauma. 
and by heat trauma. An abstract of part of 
this work has already a p p r d t (  4). Findings 
similar to certain of those rqmted  here have 
been published recently by Millican and 
Stohlman( 5 ) .  

Methods. Mice used were Carworth Farms 
males, 2-5 months of age and 20-30 g weight. 
In any one experiment mice were sorted into 
such groups that the average body weights for 
all the groups were nearly the same. Tmu- 
matization procedures were those of Rosen- 
thal(6,7). In the tourniquet trauma experi- 
ments the hind leg tourniquets were left in 
place 2 or 3 hours; in the heat trauma experi- 
ments etherized mice were submerged to the 
neck in water at 60°C for 12 seconds. All in- 
jections were made intrapcritoneally. Chlor- 
promazine was dissolved in distilled water a t  
such a concentration that the desired dose was 
secured by injection of .01 ml per g, or in 

*This research was supported in part by USAF 
School of Aviation Medicine Contract AF 18(600)- 
555 .  

t The authors are indebted to Adele M. Bianconi, 
Ronald Johnson, Yvette Meitner, Gary Patterson, 
and Donald Trimmer for technical assistance. 

.9% NaCl at such a concentration (that the 
desired dose was secured by injection of .05 
ml per g. Since initiation of shock presum- 
ably begins at the time of removal of hind 
leg tourniquets, or at the time of immersion 
in very hot water, this time has been desig- 
nated zero hour (Tables). Prior times have 
been assigned minus (-) values, later times 
plus (+) values. For the p x m t  purposes 
shock in mice is defined as the condition after 
severe traumatization wherein mice are pros- 
trated, relatively indifferart to stimuli, cold 
to the touch, and likely to die within 48 hours 
after traumatization if untreated. Hema- 
tocrit studies: Hematwrit values were ob- 
tained using heparinized fine capillary tubes 
and an International “Hemacrit” centrifuge. 
A control tail blood sample was secured for 
each mouse. In all except the earliest experi- 
ments those mice exhibiting tail blood hema- 
tocrit values below 40 were replaced. The 
second (test) blood sample was taken from 
the heart, since insufficient b l d  could be ob- 
tained from the tail after traumatization. 
Hemdilution was indicated by a heart blmd 
hematocrit value appreciably smaller than the 
previously obtained tail blood hematocrit 
value, hmmconcmtration by the reverse. For 
any one group, the standard error of the aver- 
age difference between tail and heart blood 
hematocrit values was cakulated using this 
difference for each mouse as the unit. The 
probability value, p, was secured from a (t ,  




