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CALCIUM ME TA BOLISM STU DIES 

A. T HE RA ISING OF SERUM CAL CI U M BY TOPICAL APP Ll CATION S 

OF RAW AND ACTlVATED COD LIVER OIL 

IJ. DISTURBAN CES AS SOCIATED W ITH T U E ACTlVE DENTAL CAR IES. 

OF CH ILD HOOD AND P R EGN A N CY *' 

WESTON A. FiliCE, D.D. S. 
CLIOVELAN D 

T hat suns hine an d cod liver oil will markedl y affec t ca lcium metab­
olism is altogether likely. T he processes by which these effec ts are p ro­
du ced a re but littl e un derst ood. The stud ies presented here a re pa r t 0 f a 
ser ies being m ade to obta in da ta to thro w ligh t on th e nature of th e 
forces at wo rk, and the m echa nism s involved in the utili za tion of calc ium 
by the body w ith special considerations of d isturban ces in calcium 
meta bolism , pa r ticu larly th ose whic h re la te to tooth and bone for ma tio n, 
and degener ative changes in those st r uctur es a f ter the ir developm en t. 

It bas been de monstra ted by ma ny wo rkers, es pec ially by A lfred F. 
H ess? Mi ld red Weinstock 2 an d H . S teenbock," th at wh en anima ls are 
placed on a die t de ficient in eithe r p hosphorus or calcium in the abse nce 
of su nlig ht, disturba nces of th e ha rd s tr uctu res tend to appear , an d th at 
these may be prevented or co rrected in large pa r t by the add ition of 
sma ll amo un ts of cod liver oil to th e diet, or the ap plica tion of ultra­
violet irradia tion from artificial so urce to the surface of the a nima l. 

F ig ure 1 shows typical pr ogressive s tages in th e prod uction of leg 
weakness in chickens, p roduced by placing them in restricted light on a 
diet low in p hosp ho r us and low in fa t so lub le vitam ins. T his conditio n 
can be larg ely prevented by th e ad m inist ration of cod liver oil wit h th e 
diet , also by the applica tion o f ultraviolet ligh t from th e qua r tz m ercu ry 
vap or lam p. F igure 2 shows (A) a chick that was down pract icall y as 
fla t as tbe 1110St ex tre me one shown in figure 1, an d when cod liver oil 
wa s ad de d to its foo d got lip, as shown in B. 

In orde r to demonstra te th e nature of the ac tio n 0 Ecod liver oil and 
of ultraviolet light , chicks hav e been s ubject ed to vary ing cond itions , 
T abl e 1 shows in condensed fo rm th e r esult of placing tw enty- five gro ups 
of chicks with six in eac h gmu p, except the contro l g roup which con­

* Rea d befo re the Na tional Acade my of Sc iences at W ash ing ton, D. c., April 
27, 1926. 

1. Hess, A. F, : T he U lt ravio let Ra ys of th e S UIl, J. A. M , A. 84: 1033 
(Ap ri l 4) 1925, 

2. H ess, A. F" and We instock, M ild re d : Lancet 1 : 12 (Jan , 2) 1926. 
3. Steen bock. H ,; Hart, E , B.; Se ll, M , T ., and J ones, J. H .: J. BioI. Chern. 

56: 375 (June) 1923. 
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F ig. I .-Progressi ve weakenin g of the legs of a chi ck depr ived o i ra diant 
ene rg y, and on a d iet low in phosp horus a nd low in an tir achit ic fa cto r . Cont rol, 
upper le ft , had same d iet bu t occasional su nsh ine. 

F ig. 2.-Two views of the sa me chic k on a d iet low in phosp hor us and depr ived 
o f ult ra vio let irrad iat ion . A , com pletely prost ra ted with typical wea k legs, B, 
sa llie chick a few weeks la te r, af ter cod l iver o il was ad ded to (he food. T he 
leg deform ity should be u otecl. 
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tain ed fift een, namely, nine in lot 1, and 6 in lot 25. The first control 
lot had as much sunshine as could be g iven during the day, and the last 
had th ree hour s daily. All of these chicks were on the same basic diet 
( McCollum's, 3143 ) , the var ia tion being entire ly in activa tion or light 
so urce . A ll except the two control gro ups were kept in darkness except 
for the turn ing on of ruby light twice daily for two hour s for feeding. 

T A.BLE I.-Com parative S tudies of Differen! M ethods [or Mo dif ying Treanne»t 
of Chicks 0 11 Lo w Phosphorus Diet ';' . 

Deaths During Num ­
_ . . . . ._ __ _e _ _en_t Num - ber D_a_Y_S_O_!_Ex._p _n·m _
, .. , ber L iv-

Variab le Con di t ion 2 3 4 5 G 9 10 11 12 13 14 Deael ing Con dItJon 

1 Oontro ls.. .. ......... .. .. .. ... .. .. .. .. .. .. .. .. .. 0 0 Acti ve; well rea thered 
2 Darkness and ru by lamp ... . . .. 1 2 . . 1 .. 1 1 .. G 0 Al l dead; we a k legs 
3 Same as 2 plu s ultravlolct . . 2 .. .. . . . . .. 3 3 Acti ve; welt Ieathered 

dail y tor 30 minu res 
4 Sa me as 3 plus h luo filte r. . . . . 2 .. . . 3 Acti ve: well Iea the red 
5 Snme as 3 plus heavy win- . . 32 1 6 Ali de ad ; weak legs 

dow gl ass 
G Same as 2 pl us co d liver o il . . 2 1 .. 1 .. 2 Ret arded gr owth 

1 per cen l
 
7 Same as 6 but 0.1 per een t.. 1 .. 1 2.. 1 .. 1 .. ........ All dead ~ weak legs
 
8 Aet lva ted cod live r oil sun - 1 2 1 .. .. Medium g ro wth
 

s hlne, 0.1 per eon t 
9 Same as 8 b ut I per cen t.. _... 2 .: 2 .. 1 n Medium g ro wt h 

10 Oorl liver oi l activa ted 15 .. .. 1 2 .... Med ium grow th 
minut es . 0.) per cen t 

11 Sa me as ) 0 bu t 1 per eent.. . 1 .. Active ; medimu 
growt h 

12 Cod live r oi l acti vated 6 . • . . 1 .. 2 4 Act ive; well fea tbered 
nours s unshin e, 0.1 per 
cen e 

13 Sa me as 12 ou t 1 per cen t . .. .. .. .. 1 Act ive; weJ! fen the red 
14 Same as 12 but 5 per cent 1 2 . . 2 . . G 0 All dead 
15 God liver o il aet iv a t ed. 1 2 .. .. .. .. .. .. ~ 2 Re tarded growUl 

uttruvlotet 3 h ours, 0.1 
per cen t 

16 Sam e as 15 bu t 1 per eent..; . . 1 1 . . ) .. 5 Reta rded g ro wth 
17 Sa mo as 15 out. 5 per cen t.. . .... 1 .. Active ; well teathered 
18 Ra w cod liv er 0 11 5 per cent _. .. 1 3 Well fea thered; me­

d ium ae tl vity 
19 Cod liver 0 11 acti va ted. . . 1 2 . . .. .. .. .. 3 Act ive ; de layed fea th· 

sunshine SO ml nu t es, rub- ers 
bed on neck 

20 Same 0 5 19; r aw eod liver . . I 2 . . 2 Dela yed gr owth ; POOl' 
oi l at-tivlty 

21 Cho les terol a e t J v a t e d . . 1 . ' .. 3 Med ium te a thered ; 
ult r aviolet , 1 per cent aeuve 

22 Same a.s ZJ. not ae riv ated , .. .. 1 . . -l .. .. .... .. u o All dead 
1 per cent 

23 1 p er cent, parathyroid ex- . . . . 5 Med ium tca t bercd: 
tr act tair aetiv ity 

2.[ F ood expo sed to u tt r av to- . . 2 1 .. 4 2 Delayed grow t h 
let daJiy 

25 Exposed 3 nour s d ally to . . o o Aetive ; well taa the red 
suns hlne 

• Na t ure an d erreer of ac ti va tors. Six chicks in ea c.b ~roup . All ha d snuie ad equate die t 
and tern pere.ture. 

OU T L IN E OF PLA N 

Group 1, contro l su nsh ine . Al l live d. 
Gr oup 2, darkness an d rub y light, p lus the basic diet. A ll of these died. 
Gr oup 3, the sa me, plus ult ravi olet rays, for thirty minutes dai ly; th ree are 

livin g and th ree are dead. Those al ive a re activ e and well feathered 
Grou p 4, the same as 3, plus blue filter. Th ree ar e dead, and th ree Jiving , 

a ct ive and we ll feather ed . 
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Gro up 5, the sa me as 3, na mely, ult raviolet rays fo r thirty min utes da ily, plus 
hea vy win dow g lass. A ll died . They had weak legs. 

Gro up 6, the same as 2, plus ] per cent cod liver oil. Fo ur are dead, two are 
livi ng, but their gro wth was ret ar ded. 

Gro up 7, the sa me as 6, with 0.1 of 1 per cent of cod liver oil. A ll died. 
Gro up 8, 0.1 of I per cent of cod liver oi l activated in sunshine. Fou r are dead, 

two Jiving, with medium growth. 
Gro up 9, the same as 8, but with 1 per cen t of activated cod liver oil. F ive 

are dead, one is living, with mediu m growth. 
G roup 10, 0.1 of J per cent eod liver oi l act iva ted fo r fift een minutes wit h 

ult raviolet rays. T hree a re dead and three living, wi th act ive and medium g row th. 
Group 1] , the same as 10, but wi th 1 per eent act ivated cod liver oil. T hree are 

dead and th ree living, wit h ac tive aud med ium growth. 
Group 12, 0.1 of 1 per cent cod liver oil act iva ted six hours in suns hine, T wo 

are dead ; four living are activ e aud well feathered, 
Gro up 13, same as 12, but wi th 1 per cen t cod Iiver oil. O ne died; five living 

are ac t ive and well fea thered. 
Gro up 14, same as 12, but wi th 5 per cen t of cod liver oil. A ll are dead. 
Grou p 15, 0.1 o f 1 per Cent cod liver oil, activated for thr ee hour s. Fo ur are 

dead ; two living, with ret arded growth. 
Group 16, the same as 15, but w ith 1 per cent o f cod liver oil. F ive are dead; 

one is living, with retarded grow th. 
Grou p 17, the same as 15, but with 5 per cent cod liver oil. One is dead ; five 

are livin g, and are act ive and well fea thered. 
Gro up 18, 5 per cen t of ra w cod liver oil. Fi ve are dead; one is living, well 

fea thered and wi th medium ac tiv ity. 
Gro up 19, cod liver oil, ac tiva ted in sunshine for thir ty minu tes, ru bbed on the 

neck. Three are dead; three living, are ac tive, with de layed grow th of feathers. 
Gro up 20, ra w cod liver oil r ubbed on neck. F our are dead; two are living, 

wit h delayed growth and poor ac tiv ity . 
Group 21, cholest erol activated with u lt ravio let ray, 1 per cent in food. T hree, 

are dead; three living ar c medium feath ered and active. 
Gro up 22, 1 per cen t nonactivatecl cod liver o il added to food. All died. 
Group 23, 1 per cen t pa ra thyroi d extract. O ne is dead; five are living, medium 

feath ered and fai rly act ive. 
Group 24, the food was ex posed to ultraviolet rays daily. Fo ur a re dead; tw o 

living, with de layed growth . 
Group 25, suns hi ne three hours da ily. A ll lived. 

It will be noted (rom these data that with nonactivated cholesterol 
added to the food, all chickens died ; with the act iva ted choleste rol, th ree 
lived. F urther, that wi th 5 per cent of cod liver oil, activated in ,J:he 
sunshine for six hou rs, added to th e food, a ll died; f ur ther, th a t 'by , 
placing of heavy window glass in fr ont of th e ultraviolet to obstruc t the -. 
rays, a ll chicks died. It sho uld further be noted that cod liver oil, 
activa ted th irty minutes in th e sunshine, ru bbed on the necks of th e 
chick s, save d th ree out of six and raw cod liver oil used the same way 
saved two out of six . One per cent o f fres hly made ext ract of pa ra­
thyroid added to th e food saved five out of six . 

In order to st udy furth er the nature of these pr ocesses, chemical 
analyses were made of th e blood to deter mine changes in cert ain of 
the calcium facto rs . T his is show n in table 2, Fo r th ese Steen bock 
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an d Ne lson's diet 2966 was used. In thi s series, 2 16 chicks were used . 
I will her e call attention particularl y to th e fo llowing: 

T ABL E 2.-Blood Gild Lymph Che'1'Itkal S tudies of Chic ks by Growps 

Onlclum Inor- Tota l 
r-r-: g~n ic Ca lcium x-'-------­G nin, 'I'ot nl o l Phu s- I no rga nic 

Ohlcks Die t 2906 p er Gent Serum Acti ve phorus Pbospaorus 
1 Oou trol s, su nshine .. . . . . . . . . . . . . . " ... ... . ss.a 9.96 8.H 4.52 45.00
 
2 Ru by I ig n t, ... .. . . . ...... .... ... ..... ... .. 15-1.7 10.28 8 .30 J.83 49.05
 
S Ulr r a v lo le t r a v, 20 minutes dniJy .... . . . . . m .o 9.2.; 8.30 4.\ 0 37.0'2­
4 Ul t rav iolet my, 2 hours d~J1 y ...... . . . .... . '1.; .7 8.03 8.13 ·J.lO a4.m
 
5 1% ruw co d li ver 0·1 1. . .. .. .. .. .. . .. .... 176.6 fl.73 6 GO U.33 61.50
 
G ~% r aw cod liver 011. .. .. .. ...... ...... . .. 57,7 B.!!> 8.33 5.2G ·17.19
 
7 10% r a w cod live" 011.... ....... .. ...... . .. . 74.3 \U5 8.13 z.su 27.40
 
8 1% co d liver oil . 1& min utes sunshine . . . . . . 69.2 lO.90 8.82 3.17 34.55
 
!! r.%cod liver oil , 15 m inutes sunshine. . . . . . 78.03 13.13 10.02 2.93 38.48
 

10 HI% ca rl l iver oil . 15 min utes sunshtne . . ... 55.05 lO.07 10.22 2.10 22.48 
11 1''70 cod l iv er 0 11, 1 h OUT su ns h ine . . . . . . . . .. 85.2 20.2 1 2.22 46.82 
12 5'0/0 cod li ver o il. 1 hou r su n sh in s .. . . . . . . . . 77.3 D.6j 7. (,>J 3.90 37.67 
I S 10% co d Jiver oi l. 1 bour sunshine . . .. . . . . . 70.8 l IA 3 8.32 2.77 31.62 
H 1% cod liv er oil . 24 ho u rs sunshine ...... .. 72.!! U.S7 8.66 3.71 42.18 
15 5% co d li ver o il, 2·' ho ur s sunsrune. .. . . . . . 76.0 HU 5 S .5~ 3.Ut 37.20 
J6 10% cod liv er oi l. 2·' hours sunshin e.... . . . 67.2- 9.72 8 .82 3.01 ;'4.10 
17 1% cod Ilver al l, 21 hours ul tr-a vlo tet . . . . . 133.1 1 0. ~A 6.84. 5.45 59.07 
18 :,7" cod liver oi l, 24 hours u ltr a.violet .. .. .. W.W 10.0a 6.60 4.85 53.16 
J9 W% cod liv er al l, 21 hou rs u ltravio-let . . .. . 36.8 10.42 8.3i l.O. 20.20 
20 Haw cod li v er o il o n nec ks .... . . . . . . , . . . . " 6.S 1.1.25 
20 F luid from nec ks o f 20.. .. .. ...... .. . .... .. 18.07 14.19 
21 Co d Jlver 011 30 mi nutes On Decks .... . . . ... ,am 15.04 10.22 2..13 32.35 
21 F lu id from neck o f 21. .. .. .. .. ... .. .. ... .. 27.101 18.09 
22 fJ% raw cho les tero l.. . .. . . .. ... . . . .. .. . . . . .. 1.1 9.35 8.92 2.24 20.91 
2.l ::1"/0 cholesterol, S() m lnu te s sunstune . . . . . .. 20. \ 10.25 4.77 48.00 
24 10% r aw b un er . , ... . . . . .. .. . . . . ... . . . .. .. . 62.2 u .cs 7.25 5.40 63.13 
25 l OCi;' b u t t er , 2'\ hours ul tr a viol ut . .. . . . . . . . . 50.8 8 .95 6 .75 ~ . 20 4G.51 

CH EM ICAL A N ALYSIS 

T he average total ca lcium 0 1 the contro ls was 9 .9, the active 8 .1, and 
the ino rganic phosphorus 4.5. Of the chicks und er treatment, several-have 
had distin ctly high er total calcium than the contro ls. For example, those 
receiving 5 per cent cod live r oil act iva ted in th e sun Ior fift een minutes 
had a total calcium of 13.1. O ne of the meth ods of investigati on of the 
influence of cod liver oil was to rub it on a limited por tion of the chicken's 
body, as, fo r example, th e neck. T his had a very marked effec t on th e 
level of th e calc ium of th e blood and on th e ge nera l phys ica l condition 
of th e chicks. T he a verage total calcium of the blood of thi s g ro up 
was 11.2, wh ereas th e average total calcium of the contro ls was 
9 .9. Th e chic ks of ano ther gro up were t reat ed similar ly with th e cod 
liver oil on th e neck, except that it had been activated in t he sun f or 
thirty minutes. The ave rage to tal ca lcium of the blood of th e chicks of 
this gro up was 15. 

. The inorganic ph osph orus was a lso influ enced by the va rious meth ods 
o f th e utili zat ion of cod liver oil. T he aver age in th e control g roups 
was 4.5, and of th e g ro up receiv ing 5 pe l' cent raw cod liver oil in th e 
food th e average was 5.2. The g ro up receiving ac tivated cod liver oil on 
th e necks had an inorganic phosph orus o f 2.1. 
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Similar studies were made by ma king topical applicati ons of 
cholestero l. The ave rage total calcium of the group receiving applica­
tions of 5 per cent nonactivat ed cholestero l was 9.3, whereas another 
group receiving the same method of treatment and material , exce pt 
that it was activated in the sun for thirty minutes, had an average total 
calcium of 10.2. 

S everal of the chicks that were havin g cod liver oil rubbed .on their 
necks in each of the different groups deve loped lar ge cystic sacs filled 
with sero us fluid. This fluid was aspir at ed, pooled tog ether for each 
group, and calcium de term inations were made. As the cir culating lymph, 
spinal , pleuritic and ascitic fluids have total calcium levels from 40 to 60 
per cent of that of the total calcium of the blood, and since the total 
calcium of these serums has corresponded approxim ately in amount with 
th e diffusible calcium of the blood, it has been sugges ted that the differ­
ences in level of calcium in these seru ms and the blood are controlled by 
the d iffusion through the tissues, the colloida l calcium being held back 
by th e ti ssues. I have alrea dy stated that th e total calcium of the blood 
of these serums was higher than that of th e control, namely, 11.2 and 15, 
while the control was 9.9. If now one would anticipate the same gener al 
relationships between blood calcium and cystic fluid, as in ascites and 
lymph, he would hav e fac tors 'approx imately half of 11 and IS. Con­
trary to ex pectations , the avera ge total ca lcium of th e fluid fr om the 
neck of th e gr oup receivin g raw cod liver oil appli ed topically was 18.9. 
instead of 5 or 6, and fo r the group having th e ac tivated cod, liver oil 
applied locally the ave rage was 27, instead of 7 or 8. In other word s, 
in the second gro up the total calcium level of the fluid in the neck was 
nearl y twice that of th e total calcium c f the blood , instead of half. 

ME CHA N I SM OF AC TI VATION 

T his seems to throw an important new light on the mechanism of" 
activat ion. Had a calcium sa lt been applied with cod liver oil, raw or 
act ivated, one migh t think that the calcium was abs orb ed by th e tissue 
being tr eated. Since, however , in this case, the calcium of the aspirated 
fluid was higher than that of the blood st rea m, and since no calcium 
could reach this fluid exce pt th rough the blood st ream, there mu st have -. 
been established in the chicks a condition of increased solubility for . 
calcium in this fluid , which in turn influenced th e blood to brin g th e 
total blood calcium higher than that of th e con trols . T his a lso indicates 
that this fluid had a solubility factor higher tha n that 0 f the blood to 
take calcium fro m th e blood to it. 

From the foregoing, it will be noted that exposing the cod liver oil 
and cholesterol to radiant energy, sunshine or ultraviolet l-ays, changes 
in a ma rked degree the effect 'produced by the use 0 f the oil or cholesterol. 
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a nd, furthe r, tha t overe xposu re produced deleterious effects . Ev idence 
has been presen ted to th e effect that butt er ex posed to ultraviolet irr adia­
tion for seve ral hou rs was mad e distinctl y poisonous tor mice, though 
this observation would indicat e tha t it was not poison ous f or chick s. 

I n orde r to st udy furth er the effect of u ltr aviolet ir radia tion, cod 
liver o il, so exposed, has been further stud ied as follows : 'W hen 
ord ina ry ra w cod liver oil is placed in a d ish, and a photographic pla te 
is placed over th e d ish, the chemical action produces fogging of the 
emulsion, which is decreased by decreasing temp era ture, and increased 
by increasing temperature, as shown in figure 3. A was placed in the 
icebox , but B in the incubator for an equa l period of tim e. /l had an 
obstruc tion made of t issue pap er in va rying thicknesses , pr ogressing 

Fig. 3.- C1ouding of a photog raphic plat e produ ced by cod liver oil f rom 
hydrogen dioxid e for rna t ion. 

f r0111 1 to 20 layers. T hese twent y lay ers obstructed comp letely the 
gaseous substance which produced the chemical action. In B the obstruc­
tion was a piece of card . T his photogra phic effect is no t produced by 
rad iant energy given off by the oil, but by gases, the chief of which is 
hydrogen diox ide . 'W hen cod liver o il is exposed to ultr aviolet ligh t or 
sunshine, this capaci ty for cloud ing a phot og raph ic plate is very mar kedly 
increased , as shown in fig ure 4 . Two differen t brands (A and B) of 
cod liver oil were used , and the figur es 1 to 8 show progressively th e 
expos ures for th e Io llowing unit s of time: 

1. Not exposed to ult ra violet ray. 
2. E x posed to ul tr avi olet ray for five minu tes. 
3. E xposed to ult ravio let ray for ten minu tes. 
4. E xpo sed to ul tr aviolet ray for fi fteen minu tes. 
S. Exposed to ultra violet ra y for tw enty min utes. 
6. E xposed to ultraviole t ray fo r thi r ty minutes. 
7. E x posed to ultra violet ray for {a r ty minutes . 
8. Exposed to ult ra violet ray fo r s ixt y min utes. 
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In a subseq uen t communicat ion will be report ed s tudies made of a 
lar ge number of organic compo unds , chiefly tissue ex trac ts, only one of 
which is inclu ded her e. I n figure 5 is sho wn the effec t of exposing an 
extract o r pancreas in "E" to ultraviolet rays for m a mercury vapor lamp 
[or thirty mi nutes, and in " C" to sunshine fo r one hour, in compa rison 
with the same shown in "A" with out expos ure . It is imp or tan t to note 
the mar ked diffe rence in effec t of the ul traviolet ra ys from th e quartz 

Fig. 4.-Progressive inc rease ill capacity o f cod liver oi l to cloud a photo­
g ra ph ic plat e, w it h increase of time of exposu re of oil to sunsh ine or ultr aviolet 
ir radi at ion. 

vapo r lamp a nd that of sunshine . The administ ra tion of calc ium lactate 
with coel liver oil pr odu ces entirely di fferen t effec ts, both clinically and 
as expressed in chemical cons titue nts of th e blood from th e admin istra ­
tion of either of these substances alone. 

I ha ve ma de obse rvations to de ter m ine the effect on th e ability o f 
cod liver oil to cloud a pho tog raphic plate, with and without the addi tion 
of calc ium lact at e, In figure 6 th ree views ar e show n: A, cod liver oil 
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alon e with its brilliant reacti on; B, 90 per cent cod liver oil, and 10 
per cent calcium lactate, and C shows 50 per cent cod liver oil, and 
50 per cent calcium lactat e. It will be obse rved that in the last propor­
tion, th e capacity of the cod Jiver oil to pr odu ce clouding has been com­
plet ely destroyed , and indeed on close observ ation of the negative one 
can see a dist inctl y opposite affect, which on first consideration might be 
thou ght to be a true rever sal, but whi ch 0 11 testing is not th e reversal of 
overexposure. 

Fi g. 5.-The marked differ ence in effect on a photographic pla te, with exposure 
to sunl ight in mercury vapor lamp. 

Fi g. 6.-The cha nge in effeeL of cod liver oil on the addition of calcium lacta te. 

A typical result of applying these processes in an exp erim ental case. 
is sho wn in th e followin g experiment: 

S ince th e variou s forces operat ing to maintain normal balanc e are in 
equilibrium in health, the effects of tr eatment in changing relative levels 
will be essenti ally differ ent in normal and in pathologic states . In the 
latter s ta te, depletion or ex haustion ma y become determining [actors, 
unless reinf orcem ent is provided. This the physician has und ertaken to do 
by pr od ucing a pathologic state, then und ert aking to modif y the developing 
ab normalit ies thr ough the means of tr eatment. Some idea of the se genera l 
effeets can be obta ined fr om a review of the progressive changes produeed 
by pla cing an inf ected tooth beneath the skin, as shown in fig-me 7. which 
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shows a graph of th e consolidated story of th e inoculati on of rabbit 
1356 by putting an infected tooth beneath its skin, at which tim e the total 
calcium (1) stood at 13.9 mg.; the active calcium (2) at 10.5 mg. ; non­
diffu sible (4 ) at 8.4 mg.; diffusible ( 5) at 4.9 mg. ; inorganic phosph orus 
(3 ) at 4.5 mg. ; total calcium balance ( 7) at plus 21 mg . ( the product 
of inorganic phosphorus and total ca lcium, minu s 40) ; the active calcium 
balance (8) at plu s 8 mg. (the product of active calcium and inorganic 
pho sphorus, miuu s 40 ) . The horizontal line on th e cha rt represent s 40, 
and the figures above and below thi s liue represent positive or negative 
calcium balance. The weight line, 2,200 Gm., which is represent ed by 
increase or decrease above or below the sta rting po int, is shown in (9) 
and the leukocytic count, star ting at 7,000 in the gr aph (10). The heavier 
penpendicular lines of th e squares represent the number of days, and tbe 
heavier hori zont al lines milligrams per hundred. It will be noted that 
in th e first five day s, a f ter the inf ected tooth was placed und er the skin 
of the animal , the total calcium decreased fr om 13.9 to 12.5, during 
which time tbe active calcium dec reased fr om 10.5 to 6.2; the inorgani c 
pho spho ru s decrea sed from 4.5 to 3.4, and the calcium balan ce for both 
total and active accordingly dr opped rapidly. All animals and all subjects 
whose calcium balance lines are below th e base line are presumably in a 
pathologic state. In more than 200 ra bbits studied by placing an in fected 
tooth beneath the skin, 75 per cen t have died, as I have sta ted when the 
active calcium decreased to the vicinity of 5 mg. This rabbit, at the end 
of seven days, was therefore in gr ave danger . The active calcium balanc e 
stood at minus 22. According to the history of. previous cases, the animal 
would soon have been dead. A t this point, an inj ection of parathyroid 
ex tract was made, at which tim e the leuko cytic count, which had go ne up 
during the first Iour days, was receding. It will be noted that with the 
three inj ections of our own preparation of parathyroid by the meth od of 
Collip, which increased the solubility factor of the blood for calcium, all 
of the graphs rapidl y moved upward , the total going f rom 12 .2 to 14.4 , 
the active fr om 6.1 to 8.2; the calcium balances both changed. The 
leuk ocytic count improved, but this improvement was temporary, an d 
the rabbit soon began to decline. With this temporary improvement, at 
which time calcium was being taken fr om the bones through th e increase -. 
in the solubility fa ctor of the blood for calcium, there was a marked 
loss in weight of the animal , coincident ,with the improvement in the 
clinical picture. The fuel for the defense was secur ed a t the expense of 
the body tissues. At this point, to check the further decline, and in 
order to pay the calcium bill from with out, activated cod liver. oil and 
calcium lactate, on two day s in success ion, were placed in the rabbit's 
stomach by tube, as shown at the point of the arro w on the ninth day, 
Agai n there was a marked improvement in the calcium balance, largely 
through the reenforcement of the metabolism of inorgani c ph osphorus. 
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This improvemen t was again tempo rary. It should be noted that the 
tota l calcium carne down progressively (at the figure mar ked 11) follow­
ing the administr ation of pa rat hyro id, but with the administration of the 
activated cod liver oil and calcium lactate, th e active calcium came up 
rapidly to 10.2, app rox imate ly its start ing point. T he rabbit was still 
carrying the inf ection, and a quantity of pus, makin g an abscess about as 
large as a hen's egg, had accumulated around the tooth . Ultraviolet 
irradiation, thirty minutes da ily, was given on three successive days, at 
th e time marked ( 12) on the total calcium line. One should note the 
increase shortly af ter this in the leukocyt ic count, which jum ped fr om 
9 ,000 to 28,000. W ith th is splendid defensive rea ction, the size of the 
accum ulation aro und the tooth decreased from th e size of a hen's egg to 
about th e size of a hickory nut, so th at the pus was no longer palpable. 
It should be noted tha t the calcium balance fo r both total and active 
calcium passed well above the zero line ; the total calcium aga in moun ted 
to and above its original norm al, 15.3 ; the tissue over th e tooth broke 
down , the tooth was exfoliated and the animal was out of danger. A t 
th e time of thi s wr iti ng, six months afte r th e foregoing experiment, the 
animal is apparently still in good health . Space does not permit tbe 
inclusion in the grap h of extensions of the lines to the time of 
th e ex foliation of th e tooth . 

The negati ve calcium balance produced in this expe riment by th e 
placing of an infected tooth beneath the skin of the animal resulted 
fro m exhaust ion of the easi ly ava ilable calcium supp ly of the circula­
tion , and the depression of fun ction of th e fac tors involved in maintain­
ing th e defensive war fare . In otber words, a pat hologic state has been 
produced which crea tes an abnor mal stress on the mechanisms of 
immu nity and defense, a part of which involves the calcium and phos­
phorus metabolism. 

In previous communications,' I have present ed data which related 
calcium metabolism disturbances both to foca l inf ections and to vario us 
degenerative diseases. T hese data throw light on some of th e mecha­
nisms involved in th ese process es. 

P HYSICAL DI STURBAN CES AND DENTAL CARIES 

Physiologic stress es may pro duce very unusual demands on the Same 
factors . T his is well illus tra ted in th e conditions of the stress of g row­
ing childhood and of moth erhood. It is a matt er of universal knowledge 
that both childh ood and mat ernity constitute per iods of an unusual 
susceptibility to dental car ies. The old saying, " A tooth for every 
child" is familiar to all. T he period of lactation is known to be quite 
as susceptible a pe riod as th at of pregnancy. O ral hygien e and prophy- . 

4. Price, W eston A.: Dental Infection s, Ora l and Systemic, Clevelan d, 
P enton Publishing Company ; Den ta l Infect ions an d the Degenerat ive Di seases, 
Cleve la nd, P ent on Publish in g Compa ny; AUD . Clin . Med . 4: 943 (May) 1926. 
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lax is have tended to reduce dental caries in both these groups. T hey 
have not , however , proved adequate to pr event dentalcaries in conditions 
of marked s uscept ibility. 

These st udies have involved investigati ons along many lines to th row 
ligh t on the mechani sms whereby calciwn is taken fr om the food and 
made ava ilable to the body fo r growth and nutrition , an d th e forces 
which disturb their norm al progr ess. 

During growth, there is an abnorma l demand fo r calcium for too th 
and skeleton building. During preg nancy and lactation, there is an 
increased dema nd on the mother for the fe tus and for the growing 
in fan t. W hen the nutr it ion cannot supp ly ample calcium for the 
immediate demand s, the mother takes the esse ntial constituents f rom 
her own sys tem to meet the needs. T he laws of supply and demand 
opera te in favo r of the fe tus in prefe rence to the moth er. In case of a 
deficient supply, the moth er is in nega tive calcium balance, that is, she is 
using calcium faster tha n she is ass imilating it, with th e resul t tha t the 
storage depo ts in the calcified st ructures are heing depleted . 

Since the body is not ab le to utilize calcium, except through th e aid 
of certain accessory food facto rs and radi an t energy factors, the 
expectan t mother may be in mark ed nega tive calcium balance on a diet 
actnally containing adequate calcium, but unavailabl e for her use . These 
studies indicat e that in th e rapid ca ries of childhood and in preg nancy 
and lactation, there is a s tate of ma rked negative calcium balance, and 
that this condition is an import ant con tribut ing factor to the process in 
conjunction with bac ter ial pr ocesses. 

T he administration of calcium lactate and cod liver oil, raw or 
activat ed, to the gro wing child at the period of active car ies, and to the 
expecta nt moth er as well as during her per iod of lactation, not only 
benefits their well-being, but in a very marked degre e reduces the tende ncy 
to dental caries. T heir change in susceptibility to cari es is directly 
assoc ia ted with their change f rom a negative to a pos itive calciwn 
balance. 

T he ave rage number of cav ities per pregnan cy has been estima ted as 
five, wi th an ave rage of one tooth completely lost . T hese factors will -, 
var y g reatly in diffe rent communities. Un der the treatment mentioned 
in the forego ing, in my experience, this has been reduc ed to an ave rage 
of app roxima tely one cavity per pregna ncy. In the rapid caries of child­
hood, mouths that would have a dozen or mor e new cav ities per year , 
have bad the same very great ly reduced, in some nearl y to zero . Dela yed 
development of perman ent teeth in chil dhood, associated with delayed 
shedding of deciduous teeth , and the eruption of perma nent teeth , has 
changed to a condi tion in which exfoliation , root-formati on and eruption 
have been greatly hastened under this tr eatm ent. In some cases there 
has been as much progress in a few months airel' sta rt ing tr eatm ent 
as in the few years p receding it. 

Copyright © Price-Pottenger Nutrition Foundation. All rights reserved. 
 No part of this research may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, 

or by any information storage and retrieval system, without permission in writing from the publisher. Visit http://ppnf.org for more information.



14 

A practical app licatio n is shown In the following case. F igure 8 
shows the teeth of a boy at 7 yea rs of age ( A), and again at 11 ( B), 
dur ing which time the decidu ous teet h had not been normally exfoliated 
or the perm an ent teeth eru pted, which should have taken place at 9 
or 10 years of age . T he roots of the permanent teeth were not formi ng 
properly, nor were tbe bones surrounding them of nor mal radiopacity. 
In one month 's time, after placing this boy on the trea tment of act iva ted 
cod liver oil and calcium lactate, the deciduo us teeth were shed, and in 
three months' time the permanent teeth showed mark ed adva nce in their 
calcification and er uption. During this period of th ree month s the boy 
grew 1 inch in height. Table 3 shows his changed physical state in two 
months' time, dur ing which he grew l:lr6 of an inch, gained 
4 pound s in weight, and physically was mar kedly bette r. Sufficient 
impr ovement in calcium and phosphorus levels was produced in these 
two mon ths to change his negative calcium balance of minu s 16 to a 
positive calcium balance of plus 33 (C) . 

F ig. B.-Compa rison of progress of calcification between the first two pictures 
( A an d B), th ree yea rs and eleve n months apart , and between th e last t wo pictu res, 
three months apar t ( C ) . The retained deciduous teeth were shed in one mon th 
a fte r start ing tr eatment. 

T AB LE 3.-C/ta>lge Produced i,·, a Boy "With. D elayed Deniitio», by Sixty Days' 
T reatment to Improve Calciinn M'e tabolisn» 

========,....=============== 
Cond it Ions or Symp toms 

~---~-_.-"'--------~ 

Belore Time After 
Treatment E lap sed Treatment 

To tn l "·eigh t. . 70 pound s 2 mo. ; p ounds g ain ; 74 pounds
 
H eigh t . 4 ft . 5 ~~ in . 4 n . 6' /10 in . (ga In 11 1 16 in.'
 
Phystcal state . P oo rly n cu r tsned Lo oks bett er nourished
 
Nerv ou s st a te . Li stle ss; irr itabte Ver y anxi ous to' go t o '-' , '
 

sch ool.
 
Digestive condition . Poo r ap peti t e ; shun n in g Good app etit e; DOW lik es
 

I rul ts and vegetables vegetables
 
Seru m ca lcium . 9.06 \l.55
 
Inorgan te phosphorus . 2.65 7.71
 
Oal elurn ba lance . -16 (nega t ive ) + 33.7 (positive)
 

A dis turbance of the mechanisms of calcification occurs very fre ­
quently in children of delayed developmen t. T his has it s physical 
exp ression in lack of density of the bone around the teeth , and in de layed 
developm ent of the too th str uctu re, particularly a delay in the reduction 
of th e size of the pulp chambe rs of permanent teet h. This condition 
frequentl y happens in children with marked susceptibility to denta l car ies. 
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Such a case is show n in figure 9. This boy, at 14 years of age had a 
large numb er of cavities, some of which nearly entered the pulp cham­
bers, pa r tly becau se the pulps were abnor mally large. He was placed 
on calcium lactat e and activ ated cod liver oil, In the upper illustra tion 
it will be seen that the pulp chamber is abnormally large, and in the lower 
one, taken a yea r later, the same condi tion is shown, show ing tba t the 
pulp cham ber has reduced app rox imately to normal size for that age . 
Dur ing this period of a year , only one very small new cavity has 
developed, whi ch is a mos t impor tant improvement. Physically, he has 
changed fr om a nervous, irritable, easily fri ghtened child, in which state 

F ig. 9.-Change in calc ificat ion o f permanent teeth in one year 's time by 
tr eatm ent to improve calcium metabolism . P revious active caries completely 
checked . 

it was almos t impossible at firs t to render pro fessio na l service, to a con­
dit ion of ma rked lessening of th is abnormal state. -, 

An illustration of the change in the condition of expectant mother- "' , 
hood is shown in table 4. T he cha nge in physical state is shown by com- ' 
pari son in the two columns. The negati ve calcium balance was reduced 
almost to zero. T he abnorma l deman d was now supplied fr om externa l 
sources a nd the st ress of ma inta ining body equi librium was thereby 
red uced. T he patient's physical state was so greatly imp roved tha t she 
was able to perform her du ties prac tically all day, wh ereas with bel' 
first pregnancy she was dr agging, and almost bedridden through the 
entire period , 
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A nother and striking illustrati on of improvement fo llowing treat­
ment in the ca lcium factors in a case of pregnancy is shown in table 5. 
It will be seen that in twenty-five day s the calcium balanc e changed f rom 
a negative one of minus 28 to minus 7. The diffu sible calcium, which 
was at 3.8, increased to 5.2. The total serum calcium per hundred 
cubic cent imete rs of serum (not of blood) increased from 9.1 to 12.2, 
an increase of 33.1 per cent. With these changes there was marked 
improvement in the pati ent's general physical cond ition. An imp ortant 

TABLE 4.-Clw.nge in a Case of Prccnancy After S i.., We eks' Tr eatmewt to 
Improve Calcium. M etabolis»i 

Disturbance ., 
Ph ysieal s ta te 
Nervous st.ato 
Diges tive cond it ion 

Serum calcium 
In organic nho sphorus 
Total proteins 
To t a l globulin 
Oalc tum balance 

Befo re 
T reatment " 

. Man y boils 

. F'nt igu e 

. Depression 

. Poa-r appetit.e
and na usea 

. 10.00 

. 3.3?­
. 5.DL 
. 2.41 
_ -0,7 

. 6 weeks 

24 d ay s 

Second pr egnan cy . 
, Tr ea rmen t began 

Ag ed 30. 
third mon tb . 

TABLE 5.-Calcim1t S tress of Preqna ncy 

May 28, 1920 June 22, 1926 

Onlci um per l OO cc. of whol e blood 
Before 

. 
Aiter 

7.39 9.29 

Calc ium of serum a! lOO ceo of wbol e blood .. ... .. 6.89 8.28 
Calcium of cells and clo t of 100 cc. of wh ole bloo d 0.50 1.01 

7.W 9.29 
Oalclum 01 100 ec, of seru m .. 9.12 12.22 
Oa lcium 0 1 100 ee. o f C«U S and clot .. 1.00 3.16 
Cellula r calci um per cent o t t otal. 
Cnlclu m of 100 cc , o f pla sma (citrat ed) 
Diffuslbl e calc ium , 

.. 
. 
. 

6.71 
8.00 
8.89 

8.29 
10.'2 

5.20 
Noudlfluslble ca lcium (collo ida l) 
Oell volume , 
In or g anle pho sph orus 
Sugar 
Nonpro tein nttrogen 
Total cal cium bal ance (ncg e.nve) 

. 

. 

. 

. 

. 

. 

5.25 
25.-l0 
1.25 

91.80 
23.00 

-28.60 

7.02 
22.50 
2.63 

- 7.8 , . 

Secon d pr egnancy , cighth mon th . F irs t los t a t seventh month. '. 

fact or in her condition was the tend ency to anemia. The red blood count 
was 3,800,000 ; Arneth ind ex 51, and white blood cell count 13,800. 
T here was mar ked central pall or in th e red cells, but no anisocytosis or 
poikilocytosis, and in both cases norrnoblasts were seen . 

I n another paper I will discuss da ta which relate to the distribution 
of tbe calcium in the blood plasma an d cells in anemia. This patient 
has completed her term, has had a normal birt h, and both 'she and the 
child are in excellent condition. 
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COMMENT 

T he evidence stro ngly indicates that the marked suscept ibility to 
dental cari es of both childhood and motherhood is, in par t, due to a state 
of stress , in which the subjects are in a condi tion of negat ive calcium 
balance, and that a correction of this phase can often be impr oved gen­
era lly by the administration of small quanti ties of act ivate d cod liver 
oil, together with calcium lactat e. T he cod liver oil is given in capsules 
oor 00. In the 00 caps ules 10 drop s of the activated oil ar e placed with 
a dropper , and sufficient is made up to las t two weeks ." T he oil becomes 
rancid much more quickly af ter being activated . I t should be kep t on 
ice in the meantime . Th e oil is given simultaneously with th e calcium 
lactat e, 1 to 10 gr ains, accord ing to the overload. Th ese are taken 
together duri ng the meal, with 3 meals a day in accordance with 
the condi tions. In a few cases, 2 caps ules and 20 grains will be taken 
to advantage with each meal. Usually this will be too large a dose. 
Increasing the cod liver oil over this amount is a distinct disadvantage, 
as is also increasing of the calcium lactate over this amount in most cases. 

Cod liver oil is activated by placing it in an open dinner plate, in a 
layer not over one eighth of an inch deep, and exposed to the br ight 
noonday sunshine for from three to five minu tes in the summer, and 
fr om five to fift een minutes in th e winter . It should be stirred while 
being exposed. E xposure for longer period s, say an hour or two, will 
produce a change in the oil so that very undesirable sym ptoms such as 
headache may develop . W hen, for example, bu tter is exposed to the 
ultraviolet ligh t for severa l hours, it is so poisonous as to produce the 
death of mice, and , as I have indicated befor e, all of the chicks died after 
being fed on cod liver oil that had been exposed to six h ours' sunshine. 
In our exper ience, cod liver oil should not be ac tiva ted with ultraviolet 
light fro m the mercu ry vapor lamp, since it p rod uces changes in th e­
oil which are distinctly harm ful. 

I am reporting her e only a limited phase of the stud ies on this pr ob­
lem. Intensive studies also are being made on the relation of focal 
inf ection , pa r ticularly dental infection , to calcium metabolism distur­
bances, and with particular consideration of the correction of th ese' , 
disturbances, or betterm ent of pathologic conditions th ereby created, 
both by the removal of the focal infections, and by tr eatm ent with a view 
to rein forcing disturbed calcium and phosphorus metabolism. Amo ng 
these disturbances are the anemias and var ious degenerative diseases 
of specia l tissues. 

S U MMARY 

1. Data have been presented indicating that certain calcium factors 
of the blood are influenced by activato rs which may be applied eith er 
thro ugh th e normal rout e by the stomach, or externally to the sur face 
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of the body . In the form er , they ma y be related directly to the utiliza­
t ion of the calcium from the food. ' W hen applied ex terna lly, however, 
they must act on the food by first acting on the circulating fluids of 
the body. 

2. A specific act ion of the activa tors on fluids of the body for the 
increasing of their capacity to carry calcium is shown by the raising of 
calcium in ti ssue fluid to a concen tration which is higher than the con ­
centration of the blood from which it must be obta ined dir ectly or indi­
rec tly , notwithstanding the fact that the level of calcium tissue fluid is 
normally of approxima tely one-half that of the total calcium of the 
plasma. 

3. Da ta are presented indicating that the dental cari es of both child­
hood and preg nancy are influenced dir ectly by the administration of 
activato rs fo r calcium metabolism. 

8926 Euclid A venue. 
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