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present has been chiefly concerned

with repair and replacements, and
while this has constituted a great bless-
ing to humanity, it is very far short of
the ideal service to be rendered by dental
science.

Dental practice has not been unmind-
ful of the need for this better service.
The fact remnains, however, that the eti-
ologics of dental carics and pyorrhea have
not been kunown. ¥ach has been consid-
ered in terms of local environment, the
programs being directed almost entirely
toward the combating of these scourges
by local treatiment. The researches which
will be reported in this communication
deal almost entirely with factors which
are involved iu the systemic aspects of
these disturbances. Both dental caries
and advanced pyorrhea involve hard tis-
sues, and are decalcifications by two quite
diffevent proceszes. The essential first
step 1n determining (he etiology and the
prevention of decalcifications will be to
know some of the processes by which cal-
cium is ntilized iu normal tooth and bone
formation, and in chauges which occur
as normal processes. This paper presents
some new data and discusses other new
data recently presented by the author and
others which relate to the fundamental
processes of calcium utilization.

As an approach to the problem, some
general observafions are important, and
we can present these mosl readily as
questions. Why does dental caries at-
tack individuals at particular periods,

(J}HE dentistry of the past and of the

which periods are directly related fto
stresses, Tor example, those of childhood
and of the early teens, gestation, lacta-
tion, febrile disturbances and privation?
Why does pyorrhea become conspicu-
onsly apparent beyond forty years of
age, and why is it parficularly severe
with certain  metabolic disturbanees,
such as diabetes, or in such an infectious
disease as miliary pulmonary tubercu-
losis? Over against these clinical ex-
pressions we are wonl (o ask the question:
Why are certain growth disturbances ol
childhood markedly preseut in certain
seasons of the year and absent in others,
and why does such a disturbance as
rickets involve 90 per cent of the chil-
dren under two years of age in certain
locations, whereas it is praetically un-
known under certain other conditions?
Why are the dental strnctures which have
developed at one age of an individual
different in susceptibility to dental caries
from those of another period? This last
is strikingly illustrated by the following
case: A young woman presented at six-
teen with much enamel and dentin de-
stroyed by caries. This condition devel-
oped at twclve to fifteen years of age.
But the caries had attacked chiefly the
first perinanent molars and incisors, the
bicuspids being quite immune. 1t is evi-
dent that ibere occurred in this individ-
ual a major distnrbance at the time these
teeth werc in process of calcification,
which has greatly contributed to tbeir
susceptibility to dental caries. A study
of the history reveals that as a small cbild
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she suffered with convulsions. This im-
mediately indicates a disturbance of cal-
cium metabolism, since several of the
convulsive states, including tetany, are
pow known to be primarily due to cal-
cium metabolism disturbances.

There are certain ontstanding factors
in the development of our knowledge re-
garding the etiology of dental caries and
pyorrhea. Perhaps none is more conspic-
nous than the slowness with which prog-
ress has been made. Some of our most
carefully observing students of the prob-
lems of dental caries and its prevention
are agreed that neither prophylaxis nor
diet, together or separately, is adequate
to check the advance of this disturbance
in children in 1napny, il not in most
cases. This is also true of the period of
very great susceptibility associated with
motherhood. The fact that in the entire
history of our profession very little prog-
ress has been made in determining the
etiology of these two conditions strongly
suggests that wé have overlooked funda-
mental factors. While this lack of prog-
ress has heen recognized, the elusive miss-
ing factors have not been discernible. The
evidence being presenfcd in this paper
will relate to the direct influeuce of ir-
radiation by special rays and by products
of irradiation activators not as the sole
additional factor, but as very important
contributing factors, and it seems quite
possible that they are the most important
mvolved.

In our first approach to this problem,
we shall consider the disturbances of cal-
cium associated with growth. Very
mauy workers have contributed to knowl-
edge 1n this field. The bihliography is far
too voluminous to include here; it can be
found in the various journals dealing
with biological chemistry and clinical
practice. These have shown in general
that certain vitamins or accessory food
factors are primarily concerned with
fuoction and growth. These are spoken
of as vitamins-A to E, and are associated
- with disturbances which are in general
as follows: A, antixerophthalmic and
growth: B, antiveuritic; C, antiscor-
butic: D, antirachitic; B, fertility and
growth, and development of sex glands;
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I, antipellagric, is associated with B.
It is my belief, based on the available evi-
dence of my own researches and those of
others, that a solution of the dental caries
problem involves more than the above
vitamins; and that other factors are in-
volved which also are related directly and
indirectly to radiant energy. The presen-
tation in detail of even the most funda-
mental of my recent data would require
much more space than would be avail-
able in this report of a particular phase.
These are being put in book form and
will include hoth a review of data already
presented in various papers and much
that has not been published heretofore.

In 1923, T discovered that the exposure
of rabbit sexnm to nltraviolet irradiation
produced changes which iere recognized
by the two following procedures: When
this sermm was exposed to radiant energy
and also placed beneath a photographic
plate, it produced a distinct fogging of
the plate, the nature of which was later
determined to be due to a process which
involved the production of hydrogen di-
oxid; also, when this serum, so treated,
was injected intravenously into a rabbit,
it produced a dislinct change in the cal-
cinm level of the blood.* An extended
study was made of the effect of exposing
various substances to irradiation, the
results being presented in  various
papers.>** A striking illustration of the
direct effects of irradiation was shown as
& result of the exposure of cod-liver oil
for different periods of time. It was re-
vealed that the effect upon the photo-
graphic plate was approximately pro-
portional to the amount of irradiation up
to a certain point.

During the past seven years an im-
portant phase of these researches has.in-
volved studies of the blood with regard
to the morphological and chemical char-
acteristics, particular attention being
given to calcinm and phosphorus in vari-
ous phases. At this time the chemical
studies furnish data from 1600 patients
In which the calcium factors had been
intensively studied. DnTing this time a
very large ymmber of experiments with
animals also have been made. Special
effort has heen made to relate the chem-
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ical Andings to the clinical observa-
tions. Several things are clear from a
comparative study of the blood chemical
analyses and the clinical conditions, made
both belore and alter treatment, among
them the following: (1) That the range
of variation (hat is possible in several
caleimn and phosphorus factors is quite
limited if the individual is to have nor-
mal health and normal defense against
dental earies; (R) that certain relation-
ships beiween different factors constitut-
ing degrees of balance or of imbalance
seem to be more important than total
quanlitics; (3) certain of these imbal-
ances seen quite directly subjecl to -
fluence by treatment; (4) there is evi-
dence of marked clinical change, with
changes in the blood chemical pictures.
As an illustration, nofe the change in

TFig. 1.
This boy has the [ollowing general
history: At eleven yeas and three

months of age he was brought to us with
a history of lassitude, poov appetitc and
nol able to atlend school regularly.
toentgenograms had been made of his
teeth at seven years and four months of
age. These showed the developing crowns
ol the bicuspids as seen in Fig. 1, a. At
cleven vears and five months, the decidu-
ous molars were still in place and the
roots showed much less advancement in
calcification than would be normal for
his age, and the supporting alveolar bone
showed poor calcification.  Afler being
placed on treatment to improve lis cal-
cium metaboliem, there was a rapid and
marked change in his general physical
condition. It expressed itself in mauny
ways, including a desire to go to school,
to play with his playmates, and a marked
improvement in appetite and in sleep-
ing.

Within a month’s time alter beginning
the treatment, the deciduous teeth were
shed epontaneously. They began to get
loose verv soon after the treatment was
started. The blood chemical change was
particularly noticeable, in that the cal-
cium balance as expressed by the product
of serum calcium and serum phosphorus,
—+ 40 or — 40 (40 is normal), increased
from — 26 to 4+ 83 {a change from 14 to
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73). In sixty days he gained four pounds
m weight. The blood sermin inorganic

A

7 years

4 months
B

11 years

5 months
c

11 years

§ months
o

13 years

53 months

ol
14 years N
6 mouths

The speeding up of delayed calcillcation by
use of activators. Treatment began at
eleven years of age. Increased calejfication
was associated with marked clinical im-
provement.

phosphorus increased from 2.65 to 7.71,
and the sevum calcivin from 9.06 to 9.56,
changing the calcium halance as just
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indicated. During this sixty-day period
be grew eleven-sixte:mths of an inch.
His appetite changed; from shunning
fruits and vegetables, he came to Jike
them; and his nervous state changed
from being listless and idrritable to
being very anxious to go to school. His
general physical appearance was very
greatly improved. In two and a half
years he grew in height seven and thir-
leen-sixteenths inches and increased in
weight thirty-six and a half pounds, a
net gain of 50 per cent in weight. Tor
most of his life he had becn a semi-in-
valid; he has rapidly changed to a vig-
orous, athletic boy, keen mentally and
strong physically.

This change was produced by putting
into his system a type ol activator which
very markedly changed his ability to
utilize the caleiwm and phosphorns pres-
ent in his food, and to metabolize them
for utilization and growth. The degree
of activation of the cod-liver oil which
was given to him in small doses was in
excess of what we would use now with
inereased experience. I do not deem it
necessary or best to change an individual
so rapidly from a negative to a positive
phase as we did this hoy. The treatmeni
given him at first was about one and a
half grams of activaled cod-liver oil with
each meal. It was activaied by being ex-
posed to direct sunshine for trom fifleen
to thirty nunutes (I now use much
shorter exposure—one to five minutes)
for each one-sixteenth inch of depth in
the shaliow tray in which it was exposed.
With this, he received with each mecal
two 5-gr. calcium lactate tablets, besides
drinking large gnantities of milk. The
progressive development of {he roots of
the teeth is shown m letters 4 to £ in
Tig. 1.

Another of the serious disturbances
which tremendously affects child life,
both becanse of its direct distress and se-
rious handicapping of efficiency later, as
a reswlt of the sequela, is the rapid caries
of childhood. I am seeing {requently
very distressing cases where, in spite of
every effort of the dentist in charge and
of vigorous, prophylactic care at home,
the teeth are rapidly disintegrating from

caries. A striking illustration is a boy
of fenrteen, roentgenograms of whose
fecth ave shown in Fig. 2, presented with
seventeen cavities and a very marked
transparency of the bicuspid roots. As is
typical of such cases, his nervons condi-
tion was so disturbed that it was with
very great difficulty that operations could
he made. This is in part because the
disturbed calcium metabolism greally in-
creases the sensitivity of the nervous sys-
tem. Roentgenograms of his teeth one
year later ave shown in the same figure

with
cavities in a Doy of fourteen years, com-

Severe dental caries seventeen open

pletely checked by treatment. Note re-
duction in size of pulp chambers in one
yenr’s timne, especially in bicuspids,

and reveal a very marked change in the
degren of ealeification both of the tooth
roots and ihe supporting als eolav bone.
During the year which followed plac-
ing him on the treatment, he developed
only one very small cavity and it js a
question whether this had not been oveu-
looked the year before. Incidentally, the
hypersensitivity of the nervous system js
very greatly relieved by treatment which
increases lhe calciwm utilization. This
is strikingly illustrated by a recent case
sent from some distance because the Loy
of fourteen could scarcely endure having
lis tecth operaled upon. Upon stndying
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liim, T found that simply drawing the abnormally large pulp chambers, due to
rough handle of an instrwment across a lack of progress in calecification by the
his teeth produced such distress as to odontoblasts, a result of which is that
almost send him into paroxysms. Asave- even moderate cavies at certain positions
sult of treatment he so greatly improved tends to easily expose the pulp.

TG, 3
A B C

J2lo0od Chemical Studies of Cuse No. 1772 12-20-26  2-16-27  4-23-27
Cell volnme ... ... . 34.5 33.4 32
SUFAT .- oo« om0 s is 5 00s 6 55 5050 5 4558 5 5 a5 0 Bomaes o 2 o 112 103 129
Non-prolein nifrogen ........... ... ... .. ......... 37.6 27 28
Serum ecalcium ... 10.68 10.01 11.16
Plasma caleium .............. .. 10.60 9.48 10.44
Serum: PIUS DONE .- i su v o4 vioie st 650 55 06 o 8 imn e o e 707 10.78 6.84
Plasma plus hone.......... ... ... ... L1738 42.80 28.10
Diffusible ealeivm .............. ... .. ... ..., T.87 5.40 5.82
Non-diffusible ealeium .. ... . . .. ... ............. 3.01 4.61 5.34
Tnorganic phosphorus of serum ................... ... 3.14 2.08 3.60
Inorganic phosphorus of serum of 100 cc. whole blood .... 2.06 1.34 2.51
Tnorganic phosphorus of cells ....................... 1.87 0.54 1.54
Tnorganic phosphorus of whole blood ................ 3.93 1.88 4.05
Serum ealcium of 100 ce. whole blood ... .............. 7.01 G.46 7.59
Cell caleium ..... ............... vx g e sy s daE s 2.65 2.15 1.01
Total calcjum per 100 ce. of whole blood .......... .. 9.6 8.61 8.60
Cell ealcium per cent of total hlood calcivm ........... 27.15 25.0 11.75
Serum Ca. x serum phosphorus ...................... 33.6 20.8 40.80
Total nitrogen ......:i:ssu:a0e, o 1§ AEIEE § RIS E § B NS 5 0.95 0.95 1.08
Total Proteins ::uuisisesus 555 ssmesin@ssnissa e 5.71 5.77 663
Cell Ca. x cell phosphorus ........................... 4.95 1.10 1.55

Microscopical Blood Analyses

Hemoglobin censsoe ssweae s s pas S5 SEsEEIiEe 82 81 S9
Red hlood eount....... . ... ... . ... .. ... ... ... ... 4,880,000 4,360,000 4,480,000
White blood eount .. ..... I e 10,000 8,800 10,400
Color 'index .owossmmanmmasspmessomasnsesss sy ss seeas .85 .99 1.00
Polymorphonuclears ........... D 5w = B & % 71.4 73.5 76.8
Small lymphoeytes ........ ..... ... ... . 22.1 19.6 17.0
Large lymphoeytes ......ove cnmamunuwsssmmssmmas s 1.4 3.4 1.6
TOSTNOPRIlS wome:smerssownvsmpusy Srasmoramessspmass : ¢ .
BAasoPHIIE . coebimonsa®aisbwmmemm 5505555 dmessidnes 7 .. ..
Transitionals ... .. ... .. .. 2.8 2.5 1.1
Momnonuelears . ... 1.4 1.0 5
Arneth, index civemesismosssmonswaassamsiais: smwizy DY 59 46
I lobe polymorphonuclears ... ..................... 13 74 8.7
II lobe polymorphonuclears ........... . ...... ...... 24 26 18.0
JIT lobe polymorphonuelears ................... e 31 38 38.6 °
1V lobe polymorphonuelears .... ................... 27 17.3 26.0
V lobe polymorphonuclears .... ...... ............. 5 4.7 87

Blood chemical and microscopic changes in a case of pregnancy: (A) Tourth month; (B)
sixth month; {C) eighth month. Treatmeni began at B. Note improvement in serum
caleium and inorganie phesphorus.

that several cavities could he filled at one
sitting, and in ihree months he gained ] ] o
five and three-fourths pounds in weight Another of the distressing conditions
and one and five-eighths inches in height. which we encounter is that of the rapid
A characterislic of these cases 1s usually caries attendant upon pregnancy and lac-

CARIES 1N PREGNANCY



tation. Tt is common knowledge among
the laity, as well as among numbers of
the healing professions, that these consti-
tute periods of very great stress. “A tooth
for every child” is the old adage tanght
by our grandinothers, and one which we
have so offen seen verified in some fam-
ilies. It 18 my belief that this condition
also should he considered as a symptom
ol distarbed calcium metabolism.

A striking i)lustration will be found in
the following case of pregnancy at
twenty-four yeavs of age, with a history
of heart involvement in childhood, as-
sociated with acute rhemnatism. In TFig.
3 I have presented in detail three blood
chemical analyses of her case. The first
studies were made in the fourth month
of pregnancy, at which time her caleinm-
phosphorus product was 34 (G less than
40). Unfortunately, she was not able 1o
return for two months, due lo illness of
her mother, at which time her physical
condition had become qnite markedly dis-
turbed. At this time her calcium-phos-
phorus product was 21. Notwithstand-
ing the fact that the demands of her
system for calcium were increasing ai an
accelerating rate beyond the six months,
nnder treatment, which began immedi-
ately alter the second blood study, she
was placed in positive calcinm balance,
the caleium-phosphorus product being
40.8, an increasec of twenly points. As-
sociated with this was a very marked
improvenicnt in her physical conditiou,
which she aud her attending physician
attvibuted to the special treatment fov
improving the calcinm metabolism. The
birth was normal, the mother and child
being in excellent condition. The caries,
which was quite active hefore the treat-
ment, ceased after the condition of neg-
ative caleium balance was relieved and
there was very muarked improvement in
her gencral condition and in the hearf
action. The hushand reported with ear-
nestness that it was his belief that the
changed condilions saved the life ol the
child and contributed greatly to the
safety of the mother.

A number of such cases could be nsed
as illustrations; some have been reported
in preceding papers, bot the present cases
will illustrate this phase of the prohlem.
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If the administration of activators can
produce distinet changes in calcium anab-
olism and catabolism and modify the
body defenses both for the maintenance
of physical efficiency and prevention of
abnormal states, hy what processes do
these physical betterments occur? If it
is simply a matter of radiant energy, why
should not the individuals be exposed to
this force, and what is the evidence for
and against this procedure? And,
further, what kind of radiant energy
should he nsed? Or if the same results
can bhe obtained by the administration of
cod-liver oil, why bother with radiant
energy either on the patient or on the
oil, and what are the reasons for and
against each procedure? And, further,

Ia. 4

for ex-

constructed
posing fluids Lo different parts of the spec-
trum and for recording absorption bands.

Specially spectrograph

is there a dilference in the different
samples of cod-liver oil?

Let ns first study the effects of ex-
posure fo radiant enmergy from a liberal
source of ultraviolet rays. This imme-
diately raises the question as to what
copstitutes a liberal source of nltraviolet
vays. While there is creat need for brev-
ity, it is desirable that we shall under-
stand sowewhat of the difference in th«
radiation from different sonrces. In order
to obtain a basis for judgment in this
matter, T have designed and had con-
structed three spectrographs for differ-
ent purposes. One 1s for very accurate
determination of amounts of radiant
energy in different parts of the spectrum
of radiation from various sources (Tig.
4); a second, for determining and re-
cording the amount of radianl energy
fromn the sky, made both very rigid and
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portable; it can be used either on a tripod
at attached {o the inside of the door of
the automobile, and passes oulward and
upward when the glass is lowered. This is
shown in Fig. 5. It can be shifted to
any .augle or direction and permits of
rapid recording of the relative and actual
amounts of radiant energy for diffevent
parts of the spectrum in diffrrent locali-
ties. The third is built so large that two

Fra. 5

Special portable spectrograph for recording
radiant energy [rom the sky and its spectral
distribution,

sevies of fifteen rats can be exposed at
once, each pair, one individual above the
other, receiving a different part of the
spectvum, for determining the effect of
different groups of bands. With these
nstruments, I have, with the aid of the
technicians, obtained very important and
helpful new data.

In my paper® tead before the Ameri-
can Dental Association in October 1927
I presented data indicating the shift in
diffusibility of calcium and of various so-
Intions of calcinm and proteing, both by
biological liquids, such as milk and serum
and organic mixbures in solution or water
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suspension. These have shown that in
general the following conditions have
been found to oblain: Exposure of the
liquids, including such biological solu-
tions as blood and milk, to radiation con-
sisting in part of ultraviolet, such as pro-
duced hy a quartz-mercury vapor avc, a
carbon arc, a high temperature filament,
and direet sunlight, increases to a greater
or lesser degree the diffusibility of the
calcium as determined by a movement
of part of the calcium through a colloidal
sac. These are of the proper comstruc-
tion to have approximately the same
povosity as blood-vessel walls, the osmotic
pressure being balanced by a positive
pressure inside equal to 150 millimetevs
Hg., ov a mnecgative pressure outside.
Further, when raw cod-liver oil is shaken
with these substances In a mechanical
tumbler for ome-half hour, it has the
eflect of reducing the diffusibility of the
caleium of the fluid when the cod-liver
oil is removed by centrifuging and sep-
arating. When, however, the cod-liver
oil is exposed to the above radiations and
then shaken with these fluids containing
caleium compounds, there tends to be a
shift in the diffusibility of the calcium
toward an increase instcad of the de-
crease produced by the raw cod-liver oil.

In the study of several calcium factors
of blood of individuals in normal and
disturbed conditions, it has been dis-
closed that with the use of colloidal sacs
which best approximate tissue conditions,
the ratio of diffusible calcinm to non-
diffusible calcium constitutes an equili-
brium with neavly equal quantities in
each phase, with a slight excess of diffusi-
ble over mnon-diffusible calcium. These
studies have shown, however, that varia-
tions in the textures of the sacs .will
cause them to make sepavations between
these two lactors at different levels. This
will be teported in detail in another com-
munication.

The shift in diffusibility of the calciuiw
in a solution of calcium hydrate, whether
it has been shaken with raw cod-liver
oil or with cod-liver oil that has been
activated, will be seen nunder these dif-
ferent conditions in Fig. 6. T the first,
a saturated solution of calecium liydrate
was used. It was shaken for sixty
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minutes with cod-liver oil, raw or acti-
vated, as indicaled at the top. The one-
hundred line shows the "total calcium,
and the percentages, diffusible and non-
diffusible, were as follows: 57 to 43 when
shaken with vaw cod-liver oil; 70 to 30
when shaken with cod-liver oil that had
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" In the second series of Fig. 6, a more
dilnte solution of calcinm hydrate was
used, namely, one-tenth saturated. A
slightly less marked change was devel-
oped. When shaken with raw cod-liver
oil, the ratios were as 55 to 45; when
shaken with cod-liver oil that had heen
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Showing shift in the diffusibility of the calcium of caleium hydrate solution, saturated and

one-tenth saturated, whether shaken with

cod-liver oil, raw and activated, or exposed

directly, and for different periods of exposuve.

been activated fov thirly minutes, and
80 10 20 when shaken with cod-liver oil
that had been activated for one hundred
and 1wenty minntes, These were, of
course, relatively very long activations as
compared with those that we would use
on oil that was to be used for medicinal
purposes as developed from five years of
tensive study on humans and animals.

activated for thirly minntes, it was 60
to 40, and when shaken with cod-liver
oil that had been activated one hundred
and twenty wminutes, it was 78 to 22. The
effect of concentration is shown in the
lower left of Fig. 6. The effect of the
divect activation of the saturated solu-
tions of calcium hydrate gave ratios
of diffusible to nou-diffusible of 57 to 43;



when activated thirty minutes, 62 to 38,
and when activated one hnndred and
twenty minutes, 67 to 33. It is to Dbe
noted that we are dealing heve with an
imorganic form of calcium not associated
with an ovganic substance. When this
experiment 1s made on biological fluids,
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with cod-liver oil that has been irradiated

directly.

It is of interest to notc that while
there is the very marked shift with the
activation of the serum from 46.9 per
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Showing the diflusibility of caleinm of blood serum when raw and irradiated divectly and
shiaken with raw or activated cod-liver ojl.

such as milk and blood, instead of cal-
cium hydvate for variable lengths of
time of exposure to irradiation, the re-
sulls are very similar to what we have
shown here. There is also a direct m-
fluence on the inorganjc phosphorus. This
is illustrated m TFig. 7, which demon-
strates the effect on the shift and the
diffusibility of caleium and inorganic

cent to 70.7 per cent, the change 1s even
more marked when the sernm is shaken
with raw cod-liver oil or with activated
cod-liver oil. The change 1s from 49.8
per cent to 75.2 per cent, the correspond-
ing reductions in the normal diffusibility
being from 53.1 per cent fo 29.2 per’
cent, with the serum raw or from direct
racliation, 50.2 per cent to 24.7 per cent



whether the cod-liver oil 18 raw or ac-
tivated. The inorganic phosphorus shifted
from 2.8 to 3.7 when the serum was di-
reclly irradiated, and from 3.7 to 4.1
whether the serum was shaken with raw
cod-liver oil or that which had been ac-
tivated. We sce by these data, first, that
there is a marked inflnence of divect
irradiation on the diffusibility of the cal-
cium of the blood, and also that cod-liver
oil is able fo receive an energy which it
can transfer to the hlood serum.

When this experiment was made with

10

shaken with raw cod-liver oil, the diffusi-
ble calerom was at 78 per cent and the
non-diffusible was at 22 per cent, and
when shaken with cod-liver oil after it
had been activated by 1rradiation for fif-
ten minules, the diffusible calcium in-
creased to 84.7 per cent and the non-dif-
fusible caleium decreased lo 15.3 per
cent. Several hundred experiments have
been made on the comparative effect of
direct srradiation and by shaking with
cod-liver oil and other substances, all of
which have shown in general more or less
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milk or with a mixture of casein and
calcium lactate, results were obtained
siinilar to those shown with the blood
serum. An interesting illustration of the
jelative influence of raw and of activated
cod-liver oil and of activation on the cal-
cium lactate and casein mixture is shown
in Tig. &, in which the Icvel of the dif-
fusible calciwm of the mixture is 76.2
per cent and the non-diffusible, 23.8 per
cent. When this mixture was activated
directly, the diffusible caleium incrcased
to 90 per cent with a corresponding de-
pression of the non-diffusible calcium to
10 per cent. When this mixture was

shifting of the diffusibility of the cal-
cium and that several factors are in-
volved, the modification of which directly
changes the vesults. This has Ineluded a
testing of varions paris of the spectrum
for relative and actual influence upon the
diffusibility of the calcium. Space does
not permit of the presentation of these
data here.

In further illustration of the effect of
the full spectrnm, we shall observe the
changes which have taken place in the
blood of a rabbit as shown graphically in
g, 9. The hair of the rabbit was clip-
ped from its back for an area of about
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twelve square inches. The rabbit was
then exposed to irradiation {rom a quartz-
mercury vapor lamp for 285 minutes and
small samples of blood were taken at the
following periods: 15, 45, 75, 165 and
285 minutes and at twenty-four and
forty-eight hours following the exposure.
The changes are shown in fig. 9.

First it will be noted that the cell vol-
ume fell fron 35 per cent to 15 per cent

11 )

change in the non-diffusible calcinm. 1t
first decreased, then increased during the
radiation period, and in the post period
went progressively down to a point much
below its starting level. The change in
the diffusible calcium, however, was very
marked, increasing over two milligrams
as a vesult of the first fifteen minutes
of exposure, and remaining high through
the foriy-five-minute and seventy-five-
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Blood chemical changes produeed by irradialion of a rabbit with meicury-quuartz light.

ol the total blood volume and that this
change was progressive from the start.
Lhe rabbit’s total serum ecalcivm at the
beginning of the experiment was 11.92.
After fifteen minutes of irradiation, the
total calaivm went up to 13.88 and re-
mained at this level during the time the
irradiation was in progress, and then
dropped suddenly to 11.2 during the first
twenty-fonr hours. But during the sec-
ond twenty-four honrs it returned to
12.49. By cbserving the chart, it will be
noted that there was velatively small

minuate periods, then starting to [all, even
though the irradiation was continued,
and had been reduced considerably by the
end of the period of irvacdhation. When
the Irradiation was terminated, there was
a sharp fall in the Arst twenty-four hours
in the diffusible calecinm, then a rebound
in the next twenty-four hours.

Several phases of inorganic phosphorus
were changed, including that of the whole
blood, of fhe seram and of the cells. It
will he noted particularly that the inor-
ganic phosphorus of the cells was de-
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pressed progressively from the very first,
there being a slight increase 1n the serum
as u result of the irradiation. The prod-
uct of serum phosphorus and serum cal-
cium graph was not added here to avoid
the crowding of the chart. These figures

12 )

by a negative phase or depression which
is only slight, with very short exposures,
but tasts for a considerable period and a
much longer one than the positive phase.
ith more extended exposares, the ex-
tent of the megative phase is increascd
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Blood chemical changes in the anthor's blood resulling from treatment with carbon arc light.
Note effect of uverexposure.

show an mcrease Tor the entire period
to the end of the post period of 14.16 to
20.64. The blood morphological changes
are not shown but are very marked in
such cases. There is at first, with short
exposures, an increase in the total leuko-
cytes that practically always is followed

and may extend over several weeks as a
result of a single exposure. There is a
direct effect affer the depression of poly-
morphonuclear leukocytes and increase
of small Iymphocytes. T have previcusly
reported on this phase of the subject®
and on the effect of blood loss.*



EXPERIMENTS ON THE FUMAN

It is particularly important at this
juncture, when there is so much interest
and misapprehension, lacrgely as the ye-
salt of lack of information or of misin-
formation, ihat data shonld be presented
as to the blood changes which occur in a
human being as a result of exposures {o
radiation from a source that is rich in
ultraviolet, such as the quartz-mercury
vapor lamp and the carbon arc lamp with
various carbons. On many occasions as
patients have presented for blood chem-
ical studies we have found that where
they had been receiving treatments from
quartz-mercury vapor lamps or carbon
arcs, the ditfusible caleium was abnor-
mally high, which led me to make tests
upon my own system. These are shown
m Fig. 10, which shows the results of
cight treatments of seven minutes each,
taking two daily, morning and evening.
A double arc was used, carrying about
seven amperes each at 50 volts or at the
rate of 350 waits. I have made many
experiments on mysell and checked them
by blood chemical changes, and T am fa-
miliar with both my own normal levels
and the ease with which T may modify
them to advantage or disadvantage. Un-
der ordinary cundltlons my efhelenq
and well-being are greatly enhanced by
the taking of the proper quantity of the
proper kind of activator. And for these
experiments I have stopped the use ol
activators for a period of two weeks to
allow myself to come to my normal level.
1 previonsly stated that the diffusible cal-
cium should be slightly higher than the
non-diffusible, but al the benmnmg of
this experiment my diffusible calcium
was considerably below the non-diffnsihle,
being at 3.9, and the non-diffusible bemo
‘ﬂ: 6.5. My inorganic phosphorus was at

the total calcmm at 10.4 and the
product of serum calcium and serum
phosphorus at 26.5. (Series A, Tig. 10.)

As a result of the first four tr eafmentQ
two daily (see series B, Fig. 10), my
inorganic phosphorus went np to three,
the diffusible calcimn increased to 4.2, the
non-diffusible calciwm decreased Qhovhth
and the total calcium weni up 'shﬂhtly

1
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The Ca X P increased to 32.5. Treat-
ments were continued, and while T ex-
perienced a sense ol stimulation as a
result of the first four treatments, there
was a very distinet progressive change
in my well-being with a continuation ot
the treatments. It will be nofed that
after four morve treatments (series C,
Tig. 10) the inorgamic phosphorus de-
creased, with the Ca X P at 24.7, result-
ing in the production of a negative phase
of 15.3, and I fook ithe worst cold that
I have had in two years as a resull of
depressing my defenses hy overactiva-
tion.

I'requently we have palients come to
ug, or they are sent by physicians, for
blood studies to find why Lheir treatments
by irradiation are not malking them bet-
ter but are rather making them worse,
and we often find evidence suggesting
that their condition has been very greatly
disturbed to their disadvantage by over-
irradiaiion. In a laler comumunication
I shall present data indicating the unde-
sitahle eflects of the extreme ultraviolet
part of the spectrum which is furnished
abundantly by bolh of the above artificial
sources of ulfraviolet rays when used
without a filter.

In order that a comparison may be
made both between the use of cod-liver
oil and of radiant energy. and of cod-
liver oil, raw and activated, I shall pre-
sent here in connection with the last
experiment another made upon myself.
After the two wecks’ conirol period with-
out activator, the difusthility of my cal-
cium again went down, this time to 4.5,
with my non-liffusible caleium at 6.18,
as shown in Fig. 11, A. At the end of
the period, the inorganic phosphorus of
scrum was at 3.1, the total calcivm of .
serum at 10.7 ‘md the serumn Ca X P at
33.8. I first took raw cod-liver oil for
five days, two capsules with each meal,
each containing six-tenths of a gram
(0 size). The effect of this is shown in
TFig. 11, B. My inorgauic phosphorus of
serum went up to 3.8; my diffusible cal-
cium dropped to 3.7; my uvon-diffusible
calcium went up slightly to 6.4; my total
serum caleium dropped to 10, and my
serum Ca X P increased fo 38.
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Tn the next period I took cod-liver oil
that had been activated in the sun for
fifteen minutes, but only took il for one
day, a total of three doses. The eflect
is shown 1n Fig. 11, C. The diffusible
calcinm, which had decreased under the
raw cod-liver oil, increased to 4.2. The
non-diffusible calciumn  decreased 1o 6.
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energy coming from a quartz-mercury
arc. This preparation was taken for
three days, wilh the result shown 1u the
graph in Fig. 11, D. Reading from the
botlomn of the chart up, the inorganic
phosphorug went down to 2.2 ; the diffusi-
ble caletum wenl up to 4.5; ihe non-dif-
fusible went up to 6.3; the {otal calcium
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The total serum caleium increased to
10.2, the serum inorganic phosphorus
decreased to 3, making the serum Ca X
P 30.7.

In the next period I took ergosterol
that had been aclivated in butter for five
minutes. The activation was done
through a filter of Vilaglass, the radiant

Lond from Lhe taking of activators
vivieh several factors can be r‘]nnﬂed

went up to 10.7, and the scvum Ca X P
dropped to the low level of 24.5. T could
tell bv my feelings that something un-
desirable was going on.

I then changed to a cod-liver oil that
had Dbeen activated for five minutes
through Vitaglass to cut out the shorter
ultraviclet radiation to make it more



nearly correspond with sun radiation.
This was taken for three days. While
the blood chemical changes arc very
striking, the change in my feelings was
the most marked part ol the data. The
blood changes are shown in Fig. 11, E.
The inorganic phosphorms went up to
3.2; the diffusible calcium increased o
6 and the non-diffusible decreased to 4.6,
reversing and correcting the relationship
belween these factors. The diffusible
should shightly exceed the non-diffusihle.
I'he (otal sevum ecalciwum rematned about

regarding the early clinical changes, be-
cause the animals could not report their
feelings. We could, however, ohserve a
marked physical depression and in ex-
treme cases even sericns physical harm.
Another purpose [or making this series
of studies was to compare the spectro-
graphic changes in the blood. These data
are very lmportant and will be included
in a separate communication.

I have similarly made studies of the
effect of injecting raw ergoslerol added to
raw Dblood serumin from the samie animal;
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constant at 10.7, but the serum Ca X P
increaseil to 34.5 and was rapidly retorn-
ing toward the normal of 40. In clinical
practice 1 would not make the change so
rapidly.

I have made obscrvations of impor-
tance on several oecasions with a num-
ber of preparations and with radiant
energy and treatments, checking my sen-
sations and clinical condition agaist
blood chemical changes, in order that I
might understand better the many ob-
servations T have had made on animals,
which were made with this disadvantage
—that we could not obtain information

£ & e

the intravenousz injection of each activated serum
ce. raw serum and 2 mg. raw ergosterol {(A) and 2 mg. ergosterol in 13 ce.

also ergosterol activated in serwmn and
serum activated alone. The effect is quite
different as produced by these different
preparations as shown in A, B and C of
Fig. 12. This chart shows the changes
i cell volume, total caleinm, diffnsible
caleinm and non-diffusible calcium, each
on the day before the injeclion, at the
time ot fthe injection, and one-half, two,
sixteen and forty hours after injection.
It will be observed that in series A and
C there was a marked fall in the total cal-
cium following the operation and that
the fall was very slight in B, where the
ergosterol had Dbeen activated in the
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serum, and also that the diffusible cal-
cinm wenl up imunediately following the
injection of the ergosterol activated in
the serum and was still much higher
than the wormal sixteen hours after,
whereas with the raw ergosterol, there
was only a marked immediate depression
in both the diffusible calcium and mon-
diffusible calcium. An aclivated scrum
peak rise is shown at sixteen hours. In
other stadies we see (he peak come be-
tween two and sixteen hours, usually
about five hours.

This is very important to note, since
theve is likely to be some harm done by
the administration of ergosterol, raw and
activaled, by any of several means that
might be used. The dosage of ergosterol
used here is 2 mg. and in some reports
doses larger than this have apparently
heen given to infanis and small children.
Since only a small percentage of the er-
wosteral being activated will be changed
by the readily available processes, it may
ho expected that a wide range of differ-
ence will be obtained in clinical results.
I accordingly advise against ouv profes-
sion administering this drug until more
research data ave available.

From these various methods of study,
we see how readily calcium utilization
can be influenced by each medication,
radiation and hypodermic injection. Any
and all of these procedures have possi-
bilities for both great good and great
harm. Itig therefore very important that
the dangers of over-treatment shonld he
emphasized. Reduced to its simplest and
salest form, It would seem that the ad-
ministration of small doses, say from
3 gram to 13 grams, of a mixture of raw
cod-liver oil and a cod-liver oil {hat has
been activated for five minutes in the sun-
shine, then placed in capsules and nsed
before chemical change has been allowed
to take place, will be the procedure of
choice for the members of the dental
profession, for nse for increasing the de-
fense of growing children against dental
cartes. This problem is still complicated
by the fact that there is still a great dif-
ference in different samples of cod-liver
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oil. In cases ol overload, such as preg-
nancy, this amount shiould be increased
and can to advantage include calcium
lactate tablets of five grains each. Blood
chenical studies made in this conncction
will give important information as to
the proper amount aud in many cases
will establish quite specifically the nature
of the treatment that is indicated.

In another communication® I have al-
ready published data dealing with this
problem.

Trom these and other studies, it seems
cleavly indicated that dental cavies has
as jts chiel etiological factor the pres-
ence or absence in the system of activa-
tors, which are provided chiefly by foods
and exposure to radiant cnergy. A very
importani new problera has developed in
the matier of determining the relalive
and actnal quantities of activators and
vilaming present in various food prod-
uets, grown or produced under different
conditions, such as varying season,
whether ouldoor or hothouse, and in
the case of millk produets, the percentage
of time the cows are in the stable and in
the sunshine. We are finding a very wide
variation resulting from lhese contribut-
ing factors, which will be reported in
detail I a special text covering this en-
fire series of rcsearches on calcium util-
ization.

BIBLIOGRAPHY

YW. A, Price:  “Fundamentals Suggested
by Recent Researches for Diagnosis, Prog-
nosis and Treatment of Denial Focal Infec-
lions.” Jowrn. of the A. D. 4., June 1825,
p. 641,

*ldem: “Calcium Metabolism Studies on
{he Nature and Role of the Activators, Re-
searches on Fundamentals for the Preven:
tion of Dental Disease.”

* Idem : “Dental Infections—Oral and Sys-
temie” Vol T, 1923.

*Idem: “Caleium, Its Activation, Utiliza-
tion and Metabolism.” Jowrn. 4. D. 4., April
1928, p. 720.

“Idem:  “Caleivin  Metabolismn  Studies.
(A) The Raising of Serum Calcium by
Topical Applications of Raw and Activated
Cod-Liver Qil. (B) Disturbances Associated
with the Active Dental Caries of Childhood
and Pregnancy.” Amer. Jowrn. Dis. of Ckil-
dren, January 1927, p. 78,

8926 Tucrip AvE.



