
females were given a. supplement of tocoph- 
erol throughout the gestation period the blood 

od to the bioassay of vitamin E has k e n  djs- 
cussed. 

- 
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The constancy of the total calcium level 
of the iblood is the result of the interplay of 
numerous factors which include calcium in- 
take, absorption and excretion, Vitamin D 
economy. parathyroid gland function, and 
lblood pihosphalte. bicarbonate, protein and 
pH levels(1). The relations which deter- 
mine the distribution olf the total blood cal- 
cium between the ionic and the bound forms 
are largely uniknm. It is generally ac- 
cepted that the ionic calcium in the blood is 
the physiologically active form. Were it pos- 
sible to control the ionic blood-caldum levels 
by exogenous means further insight into the 
relationhips and mechanisms which govern 
calcium levels and distribution mighct be ob- 
tained. Soluble oxalates lower blood calcium 
ions by precipitation of insoluble calcium 
oxalate. ICitrates, tartrates, phthalates, flu- 
orides, polyphosphates, glycine, and other 
anions lower blood calcium ion by the forma- 
tion of solulble nonionic complexes ( 2 ) . The 
characteristic physiological sequelae attribut- 
able to hypocalcemia follow the administration 
of these agents. However, the use of these 
materials for quantitative con t r d  of calcium 
ion in vivo is sujbject to certain experimental 
difficulties. Ethylenediamine tetra - acetic 
acid (E.D.T.A.A.) forms soluble nonionized 

* Supported iby grants from the National Institutes 
of Health, the Geschickter Fund for Medical Re- 
search, and the Bersworth Chemical Co. 

1. Cantarow and Trumper, Clinical Biochemistry, 
W. B. Saunders, Philadelphia, 3rd Ed., 1947, p. 171. 

2. Sollmann, A Manual of Pharmacology, W. B. 
Saunders, Philadelphia, 7th Ed., 1948, p. 779-802 ; 
Schmidt and Greenberg, Phys. Rev., 193S, v15, 367. 

complexes with many bivalent cations ( 3 )  and 
behaves as a chelating agent. Dyckerhoff 
et a L ( 4 )  have reported that E.D.T.A.A. in- 
hitbits blood coagulation in vitro prdbably as 
the result od thle removal of calcium ion by 
ccPrnpIex formation. *4t physiological1 pH we 
have found that in human olr rabbit serum 
the complex of calcium ion with E.D.T.A.A. 
forms stoichiometrically. Calcium ion bound 
in E.D.T.A.A. complex is not precipitated by 
the adldition of oxalates and hence the total 
remaining non-complexed calcium which may 
consist of both ionic and votein bound cd- 
cium can be determined by oxalate precipita- 
tion. We have demonstrated this by numer- 
ous in vitro experiments. That the same 
combina.ticm occurs in ZGVO is illustrated in 
Flig. 1 where the physiological action of E.D.- 
T.A.A. was shown to be the consequence of 
its cornbination with calcium ion. Rapid 
( 2 0  sec.) intravenous injection into the mar- 
ginal ear vein of rabbits of E.D.T.A.A. as 
the neutral sodium salt, 180 mg/kg, resulted 
in immediate lowelring of the available cal- 
cium level with consequent death by hypo- 
calcemic tetany. When the calcium chlelation 
of E.D.T.A.A. has been saturated by admix- 
ture with stoichliometric quantities of calcium 
in the form of its chlmide or gluconaglucon- 
ate salt prior to injection, the previously 
demonstratled toxic effects did not occur (Fig. 
1). A second' injection of the neutral sodium 
salt of E.D.T.A.A. 100 mg/kg, then caused 

3. Sdnmrzebach and A d m a n ,  Helv. Chim. 

4. Dyckerhoff, M a n  and Ludwig, Z. Ges. Exp. 
Acta., 1948, v31, 1029. 

Med. ,  1942, ~ 1 1 0 ,  412. 
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PAOTCTION BY CALCIUM 

AGAINST L€THAL DOSE Of EDTAA 
GIV€N TO RABBITS 

AA00IT SEAUM CALCIUM LEVELS 
A F E R  E D T A A  BY VARIOUS ROUES 

P O S T -  I N J E C r l O N  I l N C  IN 
UIHUTEZ 

I it;. 2 .  

death of the ralbbit in the typical manner. 
In  numerous experiments it has been demon- 
strated that complete recovery from the ef- 
fects of E.D.T.A.-4. could be brought about 

by intravenous or intracardiac administration 
of calcium salts a t  any time prior to dfeath. 
The rapidity with which the calcium level 
is lowered is a function of the mode of admin- 
istration of the chelating agent (Fig. 2 )  and 
the rate at which it is injected as well as the 
dose. Intravenous, in traperi toneal, intra- 
muscular and subcutaneous injection, its 
might be anticipated, resulted in successively 
diminishing rattes of lowering of the avail- 
able calcium serum levels. By slow intra- 
venous drip it was possible to inject 2,000 
mlg per kilo of E.D.T.A.A. over a period of 3 
hours before the serum calcium fell to a 
fatal level. By controlling the rates and 
amounts of chelate given it was possi'ble to 
lower the available calcium serum level and 
maintain this level by balancing the com- 
plex formation against replenishment of blood 
calcium from the mobile reserves of the ani- 
mal. That E.D.T.AL4. may be absorbed 
through the skin is illustrated in Fig. 3. 
Daily- applications of a 5% water-soluble 
ointment to 2 human su'bjects resulbed in a 
gradual fall of the semm calcium to 8 mg 
per 100 cc in a perioid of 4 days. Intravenous 
administration of calcium gluconogluconate 
resulted in the re-establishment of normal 
calcium levels. 

Magnesium ion may have a regulatory 
action on calcium metabolism as has been 
suggested by Mendel and Benedict(5) and 
Becka(6). More direct evidence for this 

1 I I 1 I 
I 2 3 4 5  
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FIG. 3. 
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EFFECT OF MAGNESIUM /ON ON SERUM CALCIUM 
LEVELS OF RABBITS G/V€N E D T A A  

MINUTES - - 
FIG. 4. 

function than hitherto available is presented 
in Fig. 4. I t  can be noted that simultaneous 
administration of magnesium ion with an 
ordlinairily lethal dose of E.D.T.A.A. resulted 
in a rapid replenishment of the blood calcium 
levels. This effect was noted whether the 
magnesium was pre-a'dded to the E.D.T.A.A. 
solution with formation of the magnesium 
complex of E.D.T.A.A. prior to injection or 
if magnesium ion in the form of the sulfate 
was given simultaneously into the apposite 
ear vein of the rabbit or was injected directly 
into the heart simultaneously with the intra- 
venous injection of E.D.T.A.A. in the ear 
vein. That the result was not due to com- 
bination of E.D.T.A.A. with magnesium ion 
rather than calcium ion has been indicated 

5 .  Mendel and Benedict, Am. J. Physiol., 1909, 

6. Becka, Z. Ges. Esp. Med. ,  1929, v67, 252. 
V G ,  25  

by the demonstration that the complex of 
calcium ion by E.D.T.A.-A. as measured by 
the precipitation of unbound calcium by ox- 
alate did not change in the presence of mag- 
nesium ion in the system when tested in vitro. 
Confirmation of this work was reported in a 
study by physical means of the preferential 
complex formation of E.D.T.A.A. with var- 
ious bivalent cations ( 7 ) .  In  the physio- 
logical pH range E.D.T.A.A. combines with 
calcium ion preferentially over magnesium ion. 

Summary. Thle ability of ethylenediamine 
tetra-acetic acid to form undissociated calcium 
colmiplexes at  physiological pH has been util- 
ized as a tool to regulate available serum 
calcium levels in v i m .  Further evidence has 
been presented for the regulatory action of 
magnesium ion on serum calcium levels. 

7.  Plumb, Martell and Bersworth, to  be published. 
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