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type. It is probable that more frequent observa-
tions would have shown a brief rise in the ourve a t  
first as in 0. The steady decrease in the blood sugar 
for the last three hours is striking. During this 
period there was marked hunger, relieved for only 
a few minutes by water-drinking. The most obvious 
explanation for these observations seems to be the 
following. The hyperglyoemia during food absorp- 
tion acts as a physiological stimulus to insulin pro- 
duction by the pancreas. The immediate result is 
glyoogen storage and gluoose utilization. The insulin 
thus produced outlasts the need for it. I ts  presence 
in greater amount than previous to breakfast leads 
to the typical hypoglycemia when artificially ad-
ministered. The hunger is a consequence of the 
hypoglycemia. The hypoglycemia aots as a physio-
logical stimulus to the glyoogenolytio meohanism and 
the blood sugar returns to the normal "fasting level."2 
This latter level is an optimum operating level for 
the body in the post-absorptive equilibrium. In  some 
individuals the glycogenolysis may occur at such a 
slight hypoglycemia that the ourve shows it only when 
frequent observations are made. I n  others, suoh as 
subject 0, a definite diphasic ourve is found. In  still 
others, such as subject N, the glycogenolysis is a poor 
response, and hunger gets worse until another meal 
is taken. N stated that he was not hungry during 
the morning when he ate no breakfast, but always 
hungry when he did eat. The reports of HarrisS seem 
to be of suoh individuals. 
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a Cannon, W. B., McIver, M. A., and Bliss, 5.W., Am. 
6,PhysioZ., 1924, Ixix, 46. 

a Harris, S., J. Am. Ned. Assn., 1924, Ixxxiii, 729. 

I n  Fig. 2 are shown the results of a somewhat dif- 
ferent type of study. R was one of the three stu- 
dents who went on a voluntary three day fast. Blood 
sugar determinations were made twice on the first 
and third days. There was a gradual decline in the 
sugar conoentration from 92 mg the first morning to 
77 mg the fourth morning. This was not associated 
with marked hunger. The fast was broken on the 
fourth morning by a breakfast rioh in carbohydrates, 
including fruit. The blood sugar curve marked 
"Tuesday" was obtained during this morning. There 
was a notable laok of satisfaction from the meal until 
after about two hours afterward. This is  to be corre- 
lated with the unusually high curve and the marked 
delay in the return to a normal level. The urine 
of the last fasting day showed ketosis. Two days 
later, after meals had been taken as usual, the Tues- 
day breakfast was repeated exactly, and the blood 
again analyzed. The ourve marked L'Thursday" shows 
a marked contrast to that of the morning after the 
fast. The Thursday breakfast gave satisfaction sub- 
jectively. The two other students studied reacted in 
this same fashion throughout, except for no evidence 
of ketonuria. We propose as rapidly as possible to 
extend these observations and to verify the extent of 
ketosis. It may be that there is contained here some 
hint of the nature of the apparently vicious cycle of 
vomiting and starvation which ooours in' pregnancy 
and after surgical procedures. Insulin has repeatedly 
been found efficaoious in breaking this cycle and re- 
storing normal oxidation without ketosis, when glu- 
cose alone failed. These observations may help to 
explain why in the presence of ketosis it is necessary 
to use suoh large doses of insulin to render the diabetic 
free from glyoosuria, 
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IThas long been known that fluorine is present in 
the bones and teeth of mammals, and fluorine was 
used by Osborne and Mendell in one of their salt 
mixtures for rats more than a decade ago. I t  is quite 
generally considered as being one of the inorganic 
elements essential in nutrition, which is necessary in 
small amounts only, although there is no evidence of 
its necessity except its ocourrence in the animal body. 

1 Osborne and Mendel, Journal of Biological Chemi~try, 
Vol. 15, 317, 1913. 



Since rook phosphate generally contains consider- 
able amounts of fluorine, the unfavorable results ob- 
tained by Forbes and collaborators2 a t  the Ohio sta- 
tion when feeding raw rock phosphate "floats" to 
swine in  comparison with bone products directed sus- 
picion to the fiuoyine content of the rock phosphate. 
While some of the unfavorable results obtained in 
their work may have been due to the considerable 
magnesium content of the rock phosphate, the occur- 
rence of fluorine in commercial ground phosphate 
rock adds considerable interest to the results described 
below, which were obtained in the course of our work 
on certain inorganic elements in the nutrition of rats. 

The toxicity of fluorides has also been studied by 
several investigators from a pharmacological point 
of view, using mainly rabbits and dogs. More re-
cently, Sollman, Schettler and Wetze13 have fed so-
dium fluoride to rats in  varying amoupts, causing 
progressive impairment of growth and food consump- 
tion. Their results agree with those reported here 
insofar as they a re  comparable. 

The basal ration used in our work was one which 
was being used in the comparison of other mineral 
supplements. It consisted of yellow corn 76 parts, 
meat meal tankage 10 parts, linseed oil meal 10 parts, 
bone meal 2.5 parts and common salt 0.5 parts. On 
this basal ration with wood shavings litter the control 
groups of rats grew a t  a normal rate and reproduced 
normally. Sodium fluoride was fed to other groups 
of rats in the following amounts, mixed thoroughly 
and ground with the ration: 0.05 per cent., 0.10 per 
cent., 0.15 per cent. and 0.25 per  cent. of the ration. 

The rate of growth of the rats in  the first fluorine 
group was normal or better and the animals in this 
lot remained in good condition af ter  nine months on 
the ration. There were only two females in  this 
group, but each one successfully produced and reared 
two litters of young in that time. 

The rats in  the second group, which received 0.10 
per cent. of sodium fluoride, did not grow as well or 
as  rapidly as  the first group. The rate of growth 
of most of the rats in this group mas slightly below 
the normal. Out of six litters of young in this lot 
four  were reared, but these grew a t  a very slow rate. 
Both old and young in this lot showed a quite un-
thrifty appearance, even though the growth of the 
first generation was nearly at  the normal rate. Both 
the first and second groups produced a third gen-
eration, but in the second group the number of young 
reared was much below the average performance of 
the controls. 

2 Forbes, e t  al., Ohio Agr. Exp. Sta., Bulletin 347, 1921. 

3 Sollman, Sohettler and Wetzel, Journal  of Phavma-
cology ancl Experimental  Therapeutics, Vol. 17, 197, 1921. 
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The rats in  the third lot, which received 0.15 per  
cent. sodium fluoride, grew a t  approximately the same 
rate as  the second group, but out of four  litters pro- 
duced, only two litters lived, to grow a t  a slow rate. 
In  this lot a s  in all the sodium fluoride lots, the rats 
which had been on the ration longest presented the 
most unthrifty appearance. 

I n  the fourth group, which received 0.25 per  cent. 
sodium Auoride, all the seven rats in  the lot died af ter  
8 to 1 4  weeks on the ration. None of them reached 
a weight of 100 grams. 

The data  on the first group, which received 0.05 
per cent. sodium fluoride, do not show a performance 
varying much from the controls on this basal ration, 
but the observations of the writers lead them to sus- 
pect that there was some stimulating effect due to the 
fluoride, and also that the amount fed was a t  or very 
near the maximum possible without showing the ill 
effects observed in the other groups. Smaller allow- 
ances of sodium fluoride have since been tested on 
the same basal ration. 

Amounts of sodium fluoride varying from 0.001 
per cent. to 0.25 per cent. of the ration were fed i n  
the seconcl series, with results which corroborate the 
results just described. No ill effects on growth and 
well-being are  observed until 0.10 per cent. o r  more 
of sodium fluoride is fed. A very marked toxic effect, 
is observed when 0.15 per  cent. to 0.25 per  cent. is 
allowed in the above-mentioned basal ration. I t  ap-  
pears that  a n  unfavorable effect on reproduction be- 
gins a t  a level of about 0.025 per cent. sodiunl fluoride 
in the ration. W e  also have evidence that the toxic 
effect on growth begins a t  a lower level of fluodne 
when a purified basal ration is used. 

A remarkable effect of the fluorine on the growth 
of the teeth of these rats was observed. The upper 
incisors of the second and third groups grew to a 
length of about 1 5  mm, curving upward until they 
began to pierce the cheelcs of the animals. A t  this 
time they were clipped, but the teeth continued to 
grow a t  the same rapid rate. The first group re-
ported above ivhich received only 0.05 per cent. sodium 
fluoride, presented teeth which vere  somewhat longer 
than the normal, but not so long as the teeth of the 
groups receiving more fluoride. The average length 
of the upper incisors of the mature rats observed in 
our colony is 5 mm. The lower incisors a re  normally 
about twice as  long. I n  the fluoride rats, however, it 
was only the upper ones which showed a n  excessive 
growth. 

This study of fluorine and its function i n  nutrition 
is being continued. 
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