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CALCIUM, ITS ACTIVATION, UTILIZATION AND 
METABOLISM * 

By WESTON A. PRICE, D.D.S., M.S., F.A.C.D., Cleveland, Ohio 

FE W problems o f biolog ic sc ience standi ng among the workers in thi s field 
have been more difficult of under have been M ellanby, H ess and St een
stand ing tban the pr ocesses by bock. Th e bibli ography is now too 

w hich the teeth and bon es ar e fo r me d. vol umi no us to recite. I have used m ore 
Som e of the fac to rs in volv ed are co m  th an 1,00 0 ch icks in th e last fifteen 
ing to be under stood . In th is paper, months in studies on this probl em . 
I sha ll di scuss some of th e newer ph ases. These studies have brou ght out man y 

In pr evious com munica tions, I ha ve import an t new data . T he ben eficial 
pr esent ed data wh ich rel ate to some of effects of radiant ene rgy a re readily 
the fundam ental con ditions . E vid en ce dem onstrated by many expe rime n ts. 
was presented whi ch rel at es the type of Figure I shows the pr ogressive weak
react ion in bon e, as it appears w ith dif en ing of the legs of a chic k deprived 
fe ren t express ions in different indiv id of radi ant en ergy while on a diet low 
ual s, in such a mann er as to m ak e in ph osph orus and the an tirachitic fac 
possihle th e divid ing of these ind iv idu al s tor, thou gh ampl e in ca lci um . Th e 
into g roups on th is basis, and further con trol , a t the u pper left, /l J receiv ed 
which indi cates that th ese fa ctors are the same d iet , wi th sunshine . B C and 

J 

relat ed to de fe nse and to susceptibil ity D show progressive weakeni ng of the 
to disease. Th ese da ta have been legs, so that th e chick ca me to comple te 
reviewed ." prostrat ion. A sim ilia r chick, so p ros

M any wo rke rs have prese n ted da ta tr at ed , is show n in Figure 211. The 

relating rad iant ene rgy , and cer ta in same chick, a f ew weeks lat er, is show n 
in B 

J 
af ter ha ving cod- li ver oil added 

to the deficiency di et. There was th'e , 
*R eacl before the Section On Bacterio lo gy, 

vitam ins, to calc ium utiliz ati on. Out-

same absence of ra dia n t energy. The \ 
Pathology and D iagn osis a t tbe Seventh In

legs a re deformed, as will be n oted, 
tern a tional D ental Congress, Philadelphia, 

thou gh th ey were progressing tow ardPa. , A ug'. 25', 1926. 
no rma l. A sple ndid illustrat ion of the 

I. Pr ice, W. A.: New Knowledge of Ca l 
change in this chick is show n in three 

cium M etaboli sm in Hea lt h and D isease, with 
roentgen -ray views of it w hic h app earSpec ial Con side-rati on of Calci fica tion a nd 
in Figure 3 . A shows the ch ick w hen D eca lc ification Processes, I ncludin g Foca l In 


f ection Phenomena, ].A.D.A., 1J : 1765 down; B shows it th irty-three da ys later
 
(Dec.) 192 6. than a t A, after it had been f or that 
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period on th e orig ina l diet but w ith cod
l iver oil added , and C) taken thirty-one 
days la ter th an B) sho ws the continued 
improvem ent in calc ifica tion . W e a re 
here di rec tly conce rne d w ith fac tors 
which a re inv olv ed ill these processes, 
primarily because th e same gene ra l f ac
tors obtai n in the developm ent of both 

do not have a circula tion compara ble 
to that of bon e, the recon structi on of 
impe rfec tly organ ized tissue is not pr o
vided by Nature. E na mel, once fo rme d, 
und er goes but sligh t cha nge. W e are 
accor dingly grea tly conce rned as a den
tal profession regarding these f orces 
wh ich have to do wi th tooth f ormati on. 

c D 

F ig . I.- Progressive weak ening of the legs of a chick deprived of radiant energy an d 
011 a diet low in phosphorus and the ant ir achitic f actor. The cont rol (A) had the same diet 
but occasional sunshine. 

tooth an d bon e str uc ture. T ha t th e 
ut il izat ion of calc ium prov es not to be 
so simple a pr ocess as has been gene rally 
an ticipared is abu nda ntly dem on strat ed. 

Its presence in f ood does not necessarily 
pro vide that it hecorn e a va ilable for the 
body's use. Ce r ta in chemica l act iva tors 

mu st be provided in th e system . These 
same processes obta in w ith regard to 
the fo rma tion of teeth , and since teeth 

T he dentistry of th e past has heen 
j;]rgely conce rned w ith the tr eatment of. 
disease. W e ha ve come to the time in 
dental science wh en adequa te pro gram s. 
should be w or ked out which w ill be 
competen t to prevent in lar ge measure 
tbe dental disea se which has mad e den

tal re pair n ecessary. These studies are" 
th er ef or e, primarily concerned with 
pr eventi ve progrllms. 
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P AR ATHYROID GLA N DS 

The an ima l body is marvelously pr o
vide d w ith monitors to superv ise g reat 
fundamental phases o f vi ta l f unc tio n . 
Th ese are spoken of as th e g la nds of 
in tern al sec re t ion . Withont some of 
these, l ife cann ot ex ist, and all are 
need ed fo r efficien t normal l if e. Two 
smal l g la nds in the neck, about as large 
as peas, the par athy roid g la nds, a re , 
chiefly, the mon itors f or calcium rnet ab
ol isin . Seve ra l g la nds in fluen ce ca l

inj ect ed into th e a n ima l some extrac t 

of parathyr oid glands, the an ima l is re

store d and will con tin ue to live in prac

t ically normal hea lt h prov ide d a l ittle 

of this ex t rac t is inj ect ed eve ry day or 

two, hut cont inuo usly. When th e pa ra
thyr oid g la nds are re mo ved f ro m rats, 

a cha nge ca n be seen under the m icro

scope in the s truc ture of the g ro w ing 
teeth in as sho r t a period as five days, 
an d, in fifteen day s, is m arked . These 
con tin uall y growing in cisor s readily 

A B 

Fig. 2.- Two v iews of the same chick 00 a diet low in phosphoru s and 
depr ived of , ul travio le t rad iatiou. A, ch ick comp lete ly pro strated wi th typi cal 
weak legs. B, the same chick a f ew weeks later , af ter havi ng cod-l ive r oil added 
to the f ood. The leg defor mity may be noted. 

cium m etab ol ism , but wi th m ost an ima ls 
the el iminati on o f no ot he r g la nds than 
the para thy ro id pr odu ces d eath fr om re
sul tin g lower ed ca lc iu m o f th e body 
fluids. A f ter their rem oval, th e an imal 
loses we ig ht, seru m ca lc ium goes do wn 
f ro m an average of 10 to J I mg. per 
hundred cub ic cen t ime te rs of ser um to 
5, 6 or 7 m g., a t which time the an i
mal becomes ve ry nervous and. usuall y 
goes into co nv u lsive spasms , ca lled 
tetan y, w hich m ay last severa l hours or 
but a shor t time, usually terminat ing 
in dea th. If, pri or to dea th, th er e is 

br eak off w he n a littl e st ra in is put on 
them , w he n their ex trusion ill normal 
g ro w th processes has brou ght the point 
of wea k str ucture w ith in the ZOne of 
st ress . The f un crioning of the par a
thyroid g la n ds is essen ial f o r the main
tenance of th e quality of the blood 
w hich we ma y speak of as th e sol ubil ity 
facto r f o r ca lc ium. Th e m ainten an ce 
of the functi onal capacity of th ese 
g la n ds seems to be d ir ectly re la ted to 
certain ac tivating substan ces which reach 
it throu gh the circula t in g m echanism s 
of th e body. ,W hen choles terol , a 



5 Price-Actiuation ; U tili-;;:.ation and M etnbolism. of Calciurn 

lipo id in which the skin and man y of 
th e body tissues, parti cularly the bra in, 
ar e rich, is exposed to ultra violet light 
or sunlight, it has the pr operty of aid ing 
the body in metaboliz in g calc ium. C er
tain f ats, particularl y butter and egg 
yolk, COil rain substa nces capabl e of 
ac tiva ting the metaboli sm of calci um. 
Cod-I iver oil has this property in a con
cen tra tion appro xima tely 4 00 tim es th at 
of butter. 

It is an inter est ing fact that the E ski

through the lon g peri od of darkness on 
ca nned f oods, flavored to tickl e the 
palate , the y ha ve devel oped disease to 
w hic h the Es kim os a bout them, w hose 
d iet the y would scorn , are immune. 

Sin ce the in gesti on ' of choles terol 
unactivated by irrad iati on has no appar
en t effec t on calci um metaboli sm, while 
irradi at ed chol ester ol has a marked 
effec t, an ext ract f rom it being capahle 
of pr eventing rickets, in the am ount of 
one one-hundred- tho usand th gm. daily 

1\ c 

F ig. 3.-Roe ntgenographic views of the chick show n in F igure 2. A, app ea ran ce when 
the chick was prostrated ; TI, thirty-three day s la ter ; C, thir ty-one day s lat er tha n in B. In creas
ing calc ifica tion is eviden t. 

mas of the f a r north , wh er e the li ght is 
so restr icted , l ive lar gel y on sea food, 
par ticularly the f ats o f fishes, du ring 
the long winter. It is remarkabl e how 
the developing civiliz a tion has created 
wh at we may term an inst inct. F or 
exa mple, the people livin g on the I sles 
of L ewi s, north of Scotland, which a re 
shrou ded in f og and cloud , have a prac
tice of takin g as part of the diet fo r 
eac h day at least one stuffed cod 's l iver. 
C hild ren are start ed on thi s rati on in 
very ea rly life. When our exp lo rers 
have gone into the north seas f or the 
winters, and have tried to su bsist 

In a rat, it seems , in the ligh t of the 
accum ulat ing ev idence fr om several 
w orkers, to be one of the importa n t 
f actor s in the activa tion of the body f or 
the metaboli sm of calc ium . Its activa
tion takes place n ormally thr ough the, 
skin , th rough the age ncy of the ultra
v iole t light from the sun . It has heen 
assumed that, since ar tificia l sources of 
u lt rav iole t produce g rea ter concentra
tions of ultraviolet radi ation than does 
th e sun, these m ean s can he used to dis
place sunlight or at least to compensate 
f or ,it. L ast year, I presen ted dat al 
indica ting that ove rex posure of fa tty 
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substances . to ultraviolet l ight prod uces ca refully its advan tages an d disadvan 
d istinctl y poisonous ,effec ts. I ncreasing tages. I n. the first place, it is disagree 
in formation strong ly indica tes that able f or m any people to take. T her e 
ultraviolet radiation, f rom ar t ificial is' some evidence that long con tin ued 
sources such as the mer cury vapor lamp, taki ng of la rg e doses has distinc tly un
is not a substi tu te for sun lig ht th ough desirab le, i f not harm fu l, effect s, 
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F ig. 4-.-Hourly changes in th ree calcium levels f oll owing one administration of 2 gm. 
of calc ium lac tate a t 8 a. !D . (Rabbit 14-03). 

it may be an important adj u tant . I t is There is cons iderable difference in th~ ' \ 

probable, f rom researches a t present in relative and ac tua l val ue effic iencyor 
of different sam ples of oil. T his prob pr ogress, that means for modifi cation of 
ably is not the fault of the source ofthe artificial sources to limit them to 
supply, but probably rel ates, in par t, to 

the prop'er ran ges w ill ma ke them com  the differ ence in the time of the season 
petent substitutes. during w hich the fish are caught.
 

Since the best source s of stored-up
 T he norm al sour ce. of ac tiva tor f or 
activa tor know n a t present is cod- live r m ost mammalian f orm s is the mat ern al 
oil , it has become irnpor tantro cons ider mi lk. 
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CALC I U M ACTIVATION 

Since calcium may be present lJ1 

ample quantity and not be utilized by 
the hody, it hecornes very important to 
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Fig. 5.-Hourly changes in three ca lcium 
calcium lactat e at 8 and 9 a. m. (Rabbit 1356 ). 

determine wh at means may be ava ilabl e 

f or enhancing the body's capac ity to 
utilize the f ood . While it is kn own, 
in a general wa y, th at certain pr o
cedures, such as exposure to ultraviol et, 
the admin istration of cod-liver oil or 

the eating of fish fats and oils, will 
grea tly increase the hody's capacity to 
utilize calcium. vthere are as yet few data 
regarding th e mechanisms by which 

TOTJ.L NORMAL CALC},,1.\ 

Total Cal c.!.\Jlr 
Le s s Hem, LOB B o ~ C~. 

j T 
9 4

6th A .H. P.M. 

levels followin g administration of 2 gill . o'f 

these substances act. In order to throw 
light on this phase of the prohlem, I 
ha ve been carrying on ex tended studies 
regarding the effec ts on animals and 

humans produced by the administration 
of various substances. In order to de
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terrnine these effec ts, it is, of course, 
necessary to take samples of blood. T he 
taking of one or two or a sma ll number 
of specimens may be rela tive ly unim
port ant as far as changes produced by 
the hemor rhages are conce rned . W he n 
th ese are carried over an extended 
period of time, th e loss of blood be

16 

portan t to determ ine the 'effect of 
frequen t hemorrhages on these same 
calcium levels. Rabbits have been used, 
chiefly, and the hlood has been "ta ken by 
per foratin g the ma rgin al , ear vein and, 
afte r a littl e massagin g wi th a towel , 
w hic h r elaxes the capil1aries, the blood 
dr ops quite freely so long as the vein 
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Fig. 6.-Hourly changes in th ree calc ium levels fo llowing administ ra tion 
of 2 c.c, of raw cod- liver oil a t 9 a. m. (Rabbit 1404). 

comes an importan t f actor in the change 
in the blood picture . It not in fr e
quently occurs tha t individu als wh o 
have had extrac tions have ei ther con
tinued seepage or recu rr ing hem orrh age 
w ith considerable loss of blood. T here 
have been no ' data as· to th e effec t of 
such loss on th e calc ium of th e blood. 
As a prel iminary, th erefore, to deter
m inations of the effec ts of medicat ion 
on the calc ium levels, it has been im

is compressed cen tra lly to the le;j'on. 
T he bleedin gs ha ve been In gener; l 
carried out as f ollows: 

O nce on the late af ternoon of one 
day; hourly, beginning a t 8 a. m. the 
next day, and 'con tim \ing until 8, or 9 
p. rn., and once early the f ollowing 
day. When medication was g iven, it 
follow ed th e second taking of blood, 
after th e fir st m orning sam ple, so that 
the con trol per iod of tw o readin gs on 
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diff erent days wa s had with a t least 
fifteen hours intervening, and then a 
series of thirteen successive hourly ob
serva tions with one or tw o on the f ol
low ing da y (so met imes still la ter ) to 
determine the projection of the influ
ence . 

To determin e the three fac tors : total 

16 
.... . 

16 .. .. 
:' TotA L NORMAL CALCI W 

I . 

12 TOTAl CAlC I UY U;S5
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F ig . 7.- Ho urly chan ges in calcium levels 
fo llowing adm inistra tion of 0. 5 c.c, of raw 
cod-liver oil and 5 grains of ' calcium la ctat e 
hourl y f or six consecutive doses (Rabbit 
14-1 9). 

calcium, 'd iffusible calc ium, and non
d iffu sihle ca l c i ~ m , by the old er methods, 
and allo w for 'd~plic at e readings, about 
5 c.c, of blood is required. As th is 
clearly mean s too great a stra in on even 
a lar ge rabbit, most of the determina
tions have been mad e on half thi s 
quantity by using special ly designed 

and M etaboli sm. of Calciu m 

micropipets, In a rabbit weighing 
approxi ma tely 3 kg . ( nea rl y 7 pounds), 
th e hem orrhages were produ ced hourly 
f or thirteen successive bleedings of ap
proximat ely 5 c.c. each, ' which makes' a 
total of approx imately 6'5 c.c. of blood. 
Th e total we ig ht of the blood of this 
'an imal would be approximately one
thir teen th of the body weight, or 
23 0+ gm. W e would, ther efore, re
move w ithin the thirteen hours approx i
mately 25 per cent of the total blood . 
A much larger per centage of blood than 
thi s can be rem oved w ith out ser ious 
perm anent in jury to the animal, a l
though it takes a considerable peri od of 
t ime f or com plete recovery. Chickens 
can ha ve approximately 75 per cent of 
th e total blood rem oved and show l ittle 
eff ect from th e operation , with a rela
tiv ely earl y recover y. 

There are two purposes in this part 
o f the det ermination: ( 1) to know the 
eHec t of hem orrhage on calc ium levels, 
and ( 2 ) to ascerta in the corr ection that 
should , therefor e, be made for deter
mining the change in calc ium level 
wh ich exists from medicati on wh en no 
hemorrhage is produced. 

Since successive hem orrhages pr oduce 
a regular and con tinuous decl in e in total 
calcium, it is particularly signi fican t 
that our observations of the ca lc ium 
levels of med icated rabbits are too lo w 
by an amou nt ap proxima tely equal to 
the depression wh ich would exist as a '\ 
result of the number of hem orrhag es 
preced in g that determinati on . W e 
woul d, th erefore, show in the charts 
both the observ ed calcium level s an d 
th e calc ula ted calc ium level s by insert 
ing the progressive correction needed to 
com pensate f or the hemorrhages. 

In the rabb it referred to abo ve, the 
total calc ium decre ased progressivel y 
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with the increased number of hem or T here has been relati vely l ittle basis 
rhages and tow ar d norm al overn ight for j udgrn en t as to th e size and f re
af ter the last hem orrhage on the day quency of dosage fo r either ca lcium
befor e. I n a cha rt r ef erring to thi s carry ing fo ods or medicaments, or 
case, diffu sible and nondiffu sible curves so-ca lle d ac tiva tors. A gene ral pro
cross each ot her five times in that leng th cedure in adm in istering th e medicin e 
of time. This throws impor tant l ight has been on th e presumption that th e 
on th e mechan ism f or readjustm ent and effect is extend ed until that supply is 

.:: -. 
. , 

16 .' ./.' "lb"BMAL '~AL CA.LCrnv 

l S 

H,-- - - - - - - - - - _ _ ·n 
I 

I' 

/r''v-'',.-.,--,----------r-~o t l'l Ct. l c l.vA 
Le 61;1 H ~. CS

11 

)0 

01 l n ru ru n n 
S l O )) I I I .2 1 " a 6 1 ~ 9 ol 

P . 1Il. ] z t-h l J t.h /I. ... . . , P. lol. l';' t.)'l A..IC P .:": . 

Fig. s .- Hourly changes in thr ee calcium levels f o llowing one administra tion of 2 gm , 
of ca lciu m la ctate an d 2,5 gm. of ac tiva ted cod-liver oil at 9 a. m. ( Rabbit 1376). 

the f actors disturbed by hem or rh age. exh aust ed) and, therefore, rela t ively ' , . 

This r epresents a ra ther ex treme con di lar ger doses tak en less frequently wo uld 
'\ 

tion, since the quantity of blood re be quite comparabl e to smaller doses 
moved at each read ing is relati vely taken more f req uen tly .' Impor tant new 
lar g e, and the total correspond ingly ligh t is throw n on thi s phase of th e 
considerable in proportion to tbe total problem by these studie s. W e read in 
blood of the body. W hen sma lle r the lit erature of calcium compounds, 
quantiti es of blood are take n, the change such as calcium chlo rid an d calcium 

in calc ium leve ls is approx imately pr o lact ate, being admin ister ed to patients 

port ionate. in doses of seve ra l grams . The f act 
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that the administration of calci um has further, that it is not in general use, is 
fr equ ently been tri ed but has not been probably ample evidence as to its lack 
deem ed of consid erable helpfulness, and of efficacy, th ough it does not throw 
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Fig . 9.-Ca lcium changes f ollo wing six hou rly administrat ions of each 33 grains of 
cholestero l activated for ten minut es und er a quar tz mercury vap or arc lamp and giv en in 
olive oil, and 5 grains of calciu m lactate (Rabbit 14-1 8) . 
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l ight on wh ether the l ack of efficacy is 
due to lack of knowl edge regard ing the 
meth od of adm inistra tion or the pres
ence of negl igi bly helpful if not dis
tin ctl y ha rm ful effects. 

W e wi ll, therefore] cons ide r fi rst the 
g iving of one relat ively lar ge dose of 

1
 

conce n trati on of calc ium.') In Fi gure 
4 w ill be seen th e eff ect of th e ad min
istrat ion to a rab bit of 2 gm . of calc ium 
lactat e in a single dose, and th e blood 
determ inati ons made hourly. I t will 
be noted that the blood total ca lcium 
increased the first hou r from 13.98 to 

Fig. 1D.-Lef t: E ffect of deficiency d iet p lu s sunshine thr oug h city smoke. Center: 
Eff ect of r ubbing cod-li ver oil a ll leg, as shown twent y days la ter . Righ t : Elfect of ad ding 
cod- liv er oil to diet, as shown six da ys la ter . 

calci um lactat e to a rabbi t . T her e h ave 
been tw o reasons f or selec ting the 
rabbit for these observa tions: ( 1) it is 
desira ble because of the ease of secur ing 
blood w ithout an anesthe tic o r n eed fo r 
hear t punct ur e, and (2) the rabbit has 
a recognized lack of sensitiveness to 
chang e of calc ium levels (o f all the 
m ilk of mammal s w hose blood has been 
tested, the rabbit' s carries the high est 

J5.35 Ing. per hundred cubic cenri-' 
m eters o f blood and, by the second 
hou r , had f all en to 14. 78 and main
tained a level o f app roximat ely f rom 
14.48 to 14. 58 for th e next three hours. 
There was then a progressive decl ine to 
11 .6 5, the last read ing that even ing be
ing 11.6 5. O n the f ollowing morn ing , 
the observed calcium WaS 13.10. Since 
thi s ra bbit lost 5 c.c. of blood a t each 
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bleeding, we sha ll pr esutne that th er e 
was a pr ogressive loss f rom t he first 
co rres pond ing wi th th at cha nge in the 
last figure f rom hem orrhage a lo ne . 
When , th er efor e, w e add th is amo unt 
to th e obser ved total calcium , we find a 
very diff erently shaped cu rve as show n 
in th e dotted l ine, ahove the total , the 
max im um inc reas e reachin g 3 mg. a t 
the end of five hours, a nd decr easing to 
t .13 a t the end o f rwelve hou rs, w ith 

Fig. I J.-HY]J opl asia of the enamel asso
cia ted wi th a hi sto ry of conv ulsions end ing 
ab ru p tly a t abo ut the a ge of 4- yea rs with a 
change of the so u rce of the milk supp ly and 
wi th outdoo r li fe . 

an inc rease of 2 .1 9 th e fo llowing 
mornin g. W er e we conside ri ng only 

tot a l ca lc ium, and we re it the on ly im
portant consi de rat ion , we m ight co n
side r th a t the ev ide nce justi fied th is type 
of treatment. W hen we study th e 
ac tua l cha nge in d iff usible a nd non dif
fu sible, and th eir proportion s, we ·ob
serve that th e nond iffu sible ha s been 
depressed at the end of twel ve hours to 
the tr em endously low point of 1.9 3 mg. 

In other w ord s, nearly a ll the ava ilable 
calcium has becom e diff usible. Sin ce 
the di ffu sible and non diffu sible calc ium 
shou ld pr esurnabl v bala nce, the di ffus ible 
in normal usual! y excee ding th e non
diffu sibl e by about 10 per cen t, it w ill 
he obser ved th a t w e have crea ted a 

serio us im ba la nc e het w een these two 
ca lci um f act ors. I f we consider thi s as 
a negati ve instan ce, we shall probably 
see somewhat of th e reason for the 
serious dep ression wh ich indi vidu al s 
rea l iz e a f ter taking calc ium lact at e 
alo ne , w ithou t an ac tiva tor. 

In orde r to f ur the r study this partic
ul a r phase, we have repeat ed these sa me 
doses in one hour as show n in Figure 5. 
The obse rve d tot al ca lciurn l ine is 
fo un d to be flattened in its first rise and 
experiences a second rise f oll ow ed by a 
third rise. Th e co rrec tion f or total 
ca lci um is also show n in th e dotted lin e 
by add ing th e a moun t hour by hou r that 
had heen observed in the co nt ro l rab bit 
as being d ue to succeed ing hem orrhages. 
Since hem orrhage itself produces an 
oscill a tion be tween di ffu sibl e an d non
di ffusibl e calc iurn, and sin ce t wo succes 
sive doses hrought succee d ing positiv e 
and neg ative phases in such a r elation as 
to, in part, neutrali z e eac h o the r, we do 
not have the ex tre me oscilla tions shown 
in the single dose. 

Ab out tw o weeks later, an effo rt was 
mad e to re pea t th e ohserva tio n on th is 
rahbit (1 35 6) by adding to the calc ium' 
lactat e ac tiva ted choles terol. T he rab
hit was not in goo d condi tion f or ei th er 
of the tests, pr obabl y ow ing par tly to 
it s age. A f ew hours a fter the admi n
istra tion of th e ca lc ium and ac tiva ted 
cholesterol, it w as observe d to be de
pressed , and the hemo rrhages were 
terminat ed . It died sometime during 
th e foll owing night, pr obably owi ng to 
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an incr ease in the tot al calci um level 
and the distu rbance of the calc ium bal
ance by a too extensive and too rapid 
procedure. 

C ollip has shown that , by the adm in
istr ation of parathyroid extrac t, the 
total calci um can be incr eased markedly 
and that a too grea t incr ease caused 
death . I showe d in my report of last 
yea r! that , by the ad ministra tion of 
freshly mad e parath yr oid ex trac t, we 
were able to double th e to tal calcium 
level of a rabbit in six hours, <I t which 
tim e th e rabbit died. It seems probabl e 
that thi s dose was sufficien t to increase 
so g rea tly the total calc ium and so dis
tur b th e distr ibu tion of the calci um as 
to cause death. T his wo uld be equiva
lent to a dose of 40 gm. f or an individ
ual we ighing 160 pounds, whi ch is 
cle arly out of a ll proporti on. H ow ever, 
it accomplishes our purp ose of det er
mi nin g th e need f or knowledge re
garding dosage and the meth od for its 
ad m in istra tion. 

In orde r to study furth er the rel ati on 
of quanti ty and distribution of dosage , 
we have administered calci um lact at e 
a lone , and w ith various acti vat ors in 
d istri buted sma ll doses in order to de
termin e the effect on calci um levels. 

I n the f oll ow ing five charts w ill be 
seen the results of th e ad min istra t ion 
of raw cod-l iver oil alone , act ivat ed 
cod-l iver oil alone , raw cod-l iver oil 
and calc ium lac tate, act ivated cod-live r 
oil and calcium lact at e, and acti vat ed 
cho lesterol an d ealc ium lactat e. 

F igure 6 (ra bbit 1404) show s the 
effe ct on the calc ium levels from th e ad
minist rat ion of 2 C.c. of raw cod-liver 
oil to this rabb it. The total calcium 
level at the beg in n ing of the test wa s 
13.36 mg. per hundred cubic cen t i
meters of serum . TIle lin e marked 
" T otal calc ium less hem orrhage ca l

ciu m" shows a slight depression below 
the star ting level. The do tted lin e 
m arked " T otal calc ium level" is th e 
same calc ulated to correct f or the de
pr ession due to successive hem orrhages 
as prev iously d iscussed. T here wa s a 
susta ined increase of from 1 to 2 mg . 
through ou t the per iod of th e exper i
ment. A conspicuous di ffer ence in this 
cha r t from some of th e others is th e 
narrown ess of the oscilla tions bet ween 
the diff usible and nondiffu sible calc ium . 

T his is str ikingly unl ike th e results 
produced by the admin istra tion of cal
cium lact at e alone , w hich are particu 
larly conspicuous in F igure 7 ( rabb it 
141 9) , sho wi ng th e hourly changes fol 
lowin g the ad m inistra tion of 5 g ra ins 
of calc ium lact ate and 0 .5 c.c, of raw 
cod -live r oil hourly f or six consecutive 
hours. T he solid line shows total ca l
cium less the hem orrhage loss of 
calc ium, and notwithstanding the pro
g rcssive loss f ro m hem orrhage, the 
ca lc ium inc rease d over 2 mg., approxi
mat ely 20 per cent, in the fir st thr ee 
hours. The hourly admin istration 
star ted at 9 a . m . and ended at 2 p. m. 
Imm ediat ely after the cessation of the 
admi nistra tion, th ere was a tr em end ous 
incr ease in diffusible cal cium wi th a 
correspond ing decr ease in non diffusible , 
th e la tte r reducing to 1. ] 6 . H aving 
tried a somew ha t simila r experiment on 
mysel f , I kn ow somew ha t of the sen 
sation that is produced by th rowing the 
rati o of di ffusible and nondiffu sibl e out 
of ad justmen t. The body makes an 
heroic effo rt a t rea d justment. There is 
an interesting phase of this which I am 
discussing in an ex ten ded text on this 
subject, one trem end ously significan t, 
since it is so of ten a part of th e ter minal 
picture in the bacter ial overw helm ing 
f ro m toxic materi al from in f ection 
sourc es. T he upper do tted l ine marked 
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" to ta l normal ca lc ium" is the calcu 
lated total by making th e correcti on f or 
the pro gressive depression of calc ium 
due to .l oss f ro m hem orrhage in takin g 
the spec ime ns of blood . 

F ig ure 8 (rabbit 13 76) shows th e 
hourly cha ng es in three calc ium levels 
f oll owi ng the hourly admi nis t ra tio n of 
2 g rai ~s of calci um lactat e and 2.5 g m. 
of ac tiva ted cod-l iver oil. There is a 
con trol peri od of seven tee n hours pre
ced ing th e test, and one f oll owing, 
chec king th e recovery. The striking 
cha rac te ris tics a re: th e stabiliz ing effec t 
of the ac tiva ted cod -Iiver oil on diffu
sible and nondiffusible calcium w hic h 
I ha v~ shown to oscillate under' certa in 
tr eatments very st rikingly. T he re is a 
susta ine d in crease in to ta l calc ium as 
co rrec ted fo r hemo r rhage loss. It mu st 
be un derstood that the ex tre me results 
pr odu ced her e emphasize th e necessity 
f or g rea t care not to overdose and also 
emphas ize the g rea t importan ce of th e 
p rog rcssi ve increasing or pyramiding 
eff ect pr odu ced by the continued ad mi n 
istrati on o f large doses. 

F igure 4- ( rabbi t 14- 03 ) shows th e 
hourl y changes in the three ca lc ium 
levels f oll owing one administrati on of 
2 g m . of calcium lact ate at 8 a. m. 
T he can tr ol period ove r ni gh t shows 
the three ca lc ium levels under consid 
e ra tion approximately sta tiona ry. The 
str iking eff ect is that the diffusible cal
c iurn rises du rin g the first hour a lmos t 
precisely in acco rda nce with th e total 
ca lcium . Th is is f oll owed by a sha rp 
reversal which is apparently N at ur e's 
meth od of reestablish ing an equ il ibrium 
betw een. th ese f actors. .At the eig h th 
hour, tb er e is a rev ersal 0 f th e positions 
of the diffusibl e and nondiffusibl e, and 
the pendulum swi ngs f ar in th e opposi te 
direction to that w hich obta ine d durinz 
the pre cedin g seven hours. T h is is ~ 

str iking illustration of the inadequacy
 
or defi ciency of cal cium lac ta te alone.
 
This lar ge dose inc reases total calciu m
 
to a point show n by th e cor rec tio n f or
 
th e loss due to hem orrhage ove r 2 mg .
 
above the no rmal level.
 

In striking contrast to this is th e re

sult obtai ned by the adminis t ra t ion of
 
calc ium lac tate hourly, and cho les te rol
 
ac tivated and dissol ved in ol ive oil the
 
latter not ac t ivated, which is shown in
 
Figure 9 (rabbit 14-18) . It will be
 
seen th at there is much less oscill a tion
 
bet ween the di ffu sible and nondiffusible.
 
They ha ve ret ain ed th eir ge ne ra l rela 

tionship , witho u t r eversal. th e di ffu sible
 

. a t al l tim es bein g g rea ter' thnn the non
diffusible . W hen we cor rec t f or the 
loss due to hem orrhage, we find that 
we have an incr ease in total calcium 
from ]4. 50 a t the start to 17. 65 at th e 
maximum, which is 3. 15 mg . incr ease, 
or approxima tely 22 per cen t. 

There is a d istin ct relation ship be

tween the size of th e dose and the
 
length of time befor e its effec t appea rs
 
in th e blood. As shown previously,
 
lar ge single doses given to ra bbit s show
 
th eir maximum effect in from one to
 
two hours.
 

A st riking illustra tion of th e pr acti 
ca l applicati on of thi s gen eral principle 
is shown in Figure 10, w hich pre sents 
three views of the secon d joint o f a 
ch icken. A shows tbe cond-it ion af ter 
the chicken had been on a deficiency"·-. 
diet ( Stee nbock N o. 2966 ) , plu s such . 
sunsh ine as was av ailable in the w in ter 
tim e th rou gh the smo ke of Cleveland. 
I have recently reported a t length on 
t~i s phase." TI.le rubbing of cod - liver 
oil on to thi s chicken's leg mad e a 
mark ed diff eren ce in as sho rt a tim e as 

2. Price, W. A. : J. Indust. & Eng. Chem., 
<j.8 (July) 1926. .. 
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twenty days in its ability to use the leg. 
The chan ge is also mar ked as shown in 
the roe n tge nogram in B. C shows a 
marked change in the f oll owing six 
days , when the cod-li ver oil was 
added to th e chicken's d iet , plu s its 
being appl ied to the second joint. T his 
strong ly em phasizes the mar ked influ
ence of the ac tiva tors on animals w hich 
are being fed a deficiency diet a t a tim e 
and under condi tions when normal sun 
shine is not ava ilable. 

MIL K AS A SOURCE OF ACTIVATO R 

W e have looked on milk as being 
adeq uate f or providing the needs of 
young life whether furn ished by the 
moth er or by another species. In using 
m ilk from other origi ns as a source of 
act ivat or as we ll as of calc ium, it has 
gene rally been assume d that milk is 
mil k, and is al ways comp et ent. In th e 
accum ula tion of m y clini ca l data, I 
f ound striking evidence of an in ade
quacy in the supply of milk. Figure 11 
shows the teeth of a boy, 8 years of age, 
w ho has the fo llow ing history. H e 
suffered f ro m seve re conv ulsions in 
babyhood , which extended w ith decr eas
ing· f requ ency to b et we e~ the third and 
f ourth years. A t thi s t im e in the spring 
of the yea r, the parents moved to a 
coun try town, wh ere the child played 
outdoors and had a d ifferent milk sup
ply. His convulsions promptly ceased, 
and he star ted g row ing rapid ly . It ' is 
probable that th e chang e in calcium '0., 
metabol ism ind icat ed by the change in 

'" shape of these teeth cor respon d with th is 
'0 
~ change of envi ro nme n t and milk source. 
~ Several years lat er, he developed mil d 
: symptoms of convulsions, which were 
!!J com ple te ly reli eved by the adminis tra 
... tion of cod-l iver oil. Th e acc umu
6 lat ion of a quantity of thi s type of 

data led m e to make a study of th e 
* 



17 Price-A ctiuation , Utilization and 111etabolisrn of Calciu m 

comp ari son of the rela tive values of 
differ ent milk, and a lso of means f or 
enhancing and rein f orcin g th ose qual
ities in m ilk which are pri ma r ily re
sponsible f or the improvem ent of 
calcium metabol ism. A review of the 
available data reveal ed that ther e was 
relati vely l itt le informati on at han d in
dicating norm al levels of var ious f act ors 
in both blood and milk from th e same 
indi vidu al. Bef ore rela tive val ues 
could be observed, it has been necessary, 
ther efore, to esta blish a gro up of ap
proximately norma l f actors and to 
obser ve th ose f actors w hich are influ
enced chiefly by such changes of diet 
and env iro nm ent as wi ll m ake the milk 
of such <In animal more ben eficial for 
such f act ors as grow th, ca1cificati on and 
defense agains t disease. Since this is a 

to. prelim inary report, and since data ino 
volved are too voluminous to be 
incl uded in detail in a single co mmuni 
ca tion, it w ill be necessary to sum marize 
her e some of the f act ors determin ed. 
For these studies, an arr ange men t was 
mad e with a skille d dairym an, w hereby 
a g roup of sixteen cow s we re placed 
und er condi tions suc h as would make 
possible the developm ent of comparable 
dat a. W e are g rea tly indebted to Mr. 
M . J. Ba rker of the Beard sley F arms, 
of Gar rettsvill e, Ohio, and his sta ff fo r 
their splendid coopera tion, and pains 
taking assistance in this wor k. 

Specimens of blood we re taken f re
quentl y f rom the ju g ular veins f or 
ex tended blood chem ica l analyses, an d 
sam ples of m ilk we re similarl y analyze d 
at f requent periods. T able 1 pre sents 
one blood chem ical ana lysis fo r each of 
sixteen cow s, and T abl e 2, one set of 
m ilk analyses. A con trol peri od of 
about sixteen wee ks was u til ized in 
order that levels might be established 
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and ind ividual chara cteristics noted . 
Since we have been primarily con cerned 
with calc ium metab olism, our blood 
studies hav e inclu ded total serum cal
cium, active calcium , diffu sible calci um , 
nondiffu sible calcium, serum sol ubil ity 
fa ctor for cal cium, inorgani c phos
phoru s, total phosphoru s, suga r, non
protein nitrogen, total f at s, cho lesterol, 
fatty acids and cell volume. 

F or those who are concerne d regard
ing exper imen tal erro r in making cal -

T A8LE 3.-C AL ClUM 

( CASE 

calc ium , nondiffusible calcium, inor
gan ic phosphorus, total phosphoru s, 
suga r, nonprotein nitrogen, total fats 
and curd tension. The daily milk out
put was recorded, and, fr om tbis, the 
total calcium pro vided in milk was cal
cuiated from th e conce nt ra tion of the 
calcium in the milk. Unfortunately, 
spa-ce does not permit a detailed cr itical 
analysis of the da ta ohtaine d. This will 
appear lat er. T h is is prima-rily a prog
ress report. The experiment is still in 

STRESS OF PR E GN AN CY 

1683 )* 

5/ 28/26 6/22/26 

-- - - -
Calc iu m per 100 c.c , of wbol. blo od 
Calciu m of serum o f 10 0 c.c , of wh ole 
Ca lclu m of cells and clot. of 100 C.c. of 

blood 
who le blood 

6 .8~ 

0.50 
8. 23 
1.0 1 

7.3 9 9.29 

Calc iuur of 100 c.c , of ser um 
Ca tcl u rn o f 10 0 C.C. of cells a ud c lot. 
Cellula r calcium per cen t of totat 
Ca lci um of 10 0 c.c , of pl a sma (citrat ed) 
Di/l'uslble ca lciu m 
Non d ttru s ibl e calctu 10 (co1l0idn1) 
Coll vo lume 
In organic P hospho rus 
Sugar 
N onpro te ln n ltrogen 

7.39 9. 29 
9.12 
l.99 
6.71 
8. 00 
3.89 
5.25 

25 .40 
1.25 

91.80 
23. 00 

12.22 
3.10 
8.29 

10.4 2 
5.2 0 
7.02 

22.:10 
2.63 

'I'ota ! ca lc l um bala nce (ne ga t ive) - 28.60 -7 .8 

*Secono preg nancy, e lgh tb mon th . 'Xb e first r es ulted In a miscarri age at the seven th mon th. 

ciurn det erminati ons, a column IS 

added, Called " tota l erro r pr esent." 
Determina tions we re practi cally always 
made in duplicat e, and of ten in quad
ruplicat e. T he maximum difference in 
the readings obta ine d a re g iven in this 
column, and ar e shown to be in the 
orde r of a plu s and m inus erro r .ave r
agin g 0.85 per cen t. It w ill be ob
served that in only one de term ination 
was th e exper ime ntal erro r more than 
2 per cent. 

The milk de termina tions we re mad e 
f or the purpose of furnishing dat a in 
the f oll owing factors: specific gravity , 
total calc ium, acti ve calci um, diffusibl e 

progress and w ill be for an indefinite 
peri od. 

C ert ain f actors ar e of such Impor
tance that they mu st be noted before 
passing to the sum ma ry of the results. 
The levels f or the va rio us calc ium fa{:.
tors of th e blood of th ese cows a ;~ 
strikingly compa rable to th ose of 
humans. The nonprotein nitrogen is 
from a half grea ter to doubl e that of 
human beings. T he cholesterol is much 
lower ; in man y cases, about half. The 
total blood f ats are com parable. T he 
cell volume is approx ima tely the same . 

The milk of the cow provides cal
cium' in a concentra tion approxim ately ' 
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ten tim es th at of th e blood. T he rati os 
between di ffu sibl e and n ondiffusibl e 
calc ium ar e very dissim ilar fro m th ose 
of blood . Inorganic phosphorus of the 
milk is approx ima tely ten tim es that of 
cow 's blood) w hich is approx ima tely 
twice th at of the ad ult human . T he 
suga r of the m ilk is approxim ately thirty 
times as high as th at o f the suga r of the 
blood. 

A f te r th e cows we re kept f or about 
f ou r man ths on their standard ra t ion , 
they wer e d ivid ed into groups w hic h 
received specia l tr ea tm ent w ith regard 
to activa tors placed in th e f oods, and 
the degree of rad ian t energy to which 
the cows we re ex posed. T he norm al 
curve of the total milk product ion ru ns 
along at the maximum f or abou t f 0\1 r 
months, f ollow ing freshen ing, th en 
dr ops pr ogressively d ur ing- the fo llo w
ing five or six months to a level w hich 
is approxi ma tely o ne- thi rd or one 
f ourth of th e maximum f or a peri od of 
time which is depend ent on suhsequen t 
pr egnan cy a nd intensity of mil king. 
The rat e of f all in pro duc tion is greatly 
incr eased by pregn anc y. C ertain of th e 
cons picuo us results of th ese resear ches 
have been chan ges in the curve of pro
du cti on. In seve ra l instan ces, we have 

• been	 able , not only to check th e normal 
f all ing of th e total outpu t of m ilk 
calc ium, but ac tually to reverse the 
direc tion of the curve by pr odu cing an 
incr ease in total calciu m, and this not
w ithsta nd ing th e f act that both th e 
lactati on peri od and th e new gesta t inll 
peri od we re ope ra tive in depressing 
th ese f actor s. In several instan ces, 1he 
total calcium of tile m ilk was increased 
25 per cen t or mor e. The hardn ess .0 f 
the curd has been f ound to be, in ge n
era l, quite in pr oport ion to th e total 
milk calci um . 

In ad diti on to the blood a nd milk 

chem ica l analyses, biologi c determin a
tion s we re mad e of the efficiency of th e 
milk for pro d ucing growth in an imals 
on defic iency diets, and in pre venting 
an d healing ri ckets-like d istur banc es in 
animals on deficienc y d iets. An ev i
dence of this diffe re nce is sho wn in the 
Fol lowinz observa tions on chic ks. Ten 
ch icks we re placed in each of eight 
gro ups) fif ty- n ine in th e ninth gro up. A ll 
receiv ed th e same defic iency d iet , all 
were the same age a nd were kept under 
th e same con ditions. T he group of fifty 
nine we re protected fr om all ultravi olet 
light, and were req ui red to ea t by rub y 
lamp. A ll but tw o died in tw o weeks, 
or 96 .5 per cen t, whe reas , on ly 10 per 
cent of th ose died wh ich were all thi s 
same die t) and r eceived sunshine. T he 
percen tage o f incr ease in we igh t in 
twenty-three days of chicks receivin g 
the sunshine was 98 per cen t. F or 
those receivin g the same ge neral d iet 
plu s mil k fr om th e cow kept in the 
dark barn wi tho ut ei ther radiant ene rgy 
or ac tivator ad ded to her diet, the in 
cr ease was 89 per cent. The ch icks 
receivin g th e milk from the cow re
ce iving the ultra violet light ga ine d in 
thi s per iod 12 2 per cen t. T he chic ks 
receivin g th e milk of the cow which 
was treat ed with ult ra violet light plu s 
2 ounces of ac tiva ted cod -l iver oil dail y 
gai n ed 13 7 per cen t, and the chicks re 
ceiving milk from the cow which 
received 2 ounce s of ac t iva ted cod - liver ". 
oil daily ga ine d 119 per cen t. T he 
chi cks receiving the ult raviolet light 
alo ne in addi t ion to th e asc ribed d iet 
ga ine d 91 r er cen t. T he ch icks rece iv
ing raw cod-l iver oil w ith th is diet 
gai ne d 128 per cent . T he roen tge no 
g ra ms show di ffer en ces in ca lcifica tion 
in th e differ en t g ro ups. Th ese studies 
are st ill in progress and w ill he pu b
lished in g rea ter deta il later , togeth er 
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with histo logi c bon e cha ng es of th e dif tim es dail y, rather than larger sing le 
f eren t grou ps. I have given som e de doses da ily. T w o gra ins of ca lcium 
tai l he re f rom one on ly of severa l lact ate, with 20 drops of raw cod -live r 
spec ial biolog ic studies that a re being oil in a capsule , th r ee tim es a day with 
made to de ter mi ne the relati ve efficiency meal s is better than the sa me to tal ill 
of these va rio us f act or s. one dose. Ac tiva te d cod -live r oil , f rom 

T he data a lready ava ilab le indic a te 
10 to 2 0 d rops, may be used instead of 

that it is possible by mean s of th e addi
raw, i f ca re is used not to overacti vat e. cion o f ac tiva tors to th e d iet o f cows 
On e to five minutes in direc t n oon-day and by th e exposu re of the cows to 
sun in sum mer or 10 to 15 minutes inul tra violet ra d iat ion to en hance cer ta in 
w inter is sufficien t. D o n ot activa te of the g row th promoting and an t i
wi th the mer cu ry va por lamp w ithout a rachitic f actors in th e an ima ls placed 
fil ter. If ac tiva ted cholesterol is used , on d ie ts and in en vir onments which 
expose th e crysta ls to d irect sun f or thi rt y have con du ced to the development or 
mi nutes, th en place in a good gra de of d isturbances in these regards. 
ol ive oil to m ake 3 per cent. It;sA n illustrat ion of the cha nges in the 
very easy to g ive an ove rdose. Gi ve blood calc ium in pr eg nan cy, before and 
from 5 to 10 drops of thi s wi th each a fte r tre atm en t, is show n in T able 3 . 
meal, w ith fr om 2 to 5 g ra ins of calT here was marked physical improve
ciu m lac ta te. O win g to the len gth of ment as w ould be expected . 
this pap er, extende d d etail s can not be 

TREAT M E N T incl uded here. Th ey a re accordin gl y 
The accum ula ted da ta indicate th e bein g put in tex t f orm . 

need f or sm all doses, thr ee or f our 8926 E ucl id A ve. 
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