
Zinc is known to be a constituent of most foods and 
in small quantities is necessary for body nutrition 
(3, 4 ) .  Although small traces of zinc can occur in 
urine, the major portion of this element entering the 
body is excreted by way of the intestinal tract. 
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Calcium ion is considered indispensable for the 
enzymic function of myosin-adenosinetriphosphatase, 
the degree of activation depending on the concentra- 
tion of adenosinetriphosphate (1).Reduction in the 
availability of calcium ion by citrate (2) or oxalate 
( 3 )  results in decrease or complete inhibition of 
enzyme activity. Ethylenediamine tetraacetic acid 
(EDTA) is a noncolloidal, organic chelating agent 
that can deionize a system of its heavy metal and 
alkaline-earth ions through formation of stable un- 
hydrolyzed complexes. Since EDTA has a strong 
affinity for calcium ions, the effect of this compound 
on calcium activated myosin-adenosinetriphosphatase 
of mouse heart homogenates was studied. 

Adenosinetriphosphatase activity was estimated 
with the procedure of DuBois and Potter ( 4 ) .  The 
buffered substrate was prepared as follows: 305 mg 
adenosinetriphosphoric acid1 was dissolved in 10 ml 
water; 50 ml 0.06 31 Veronal buffer ( p H  7.4) and 
10 ml 0.06 M calcium chloride were added and the 
p H  readjusted to 7.4 with N sodium hydroxide. The 
volume was made to 100 ml with distilled water and 
filtered. I n  the test, 1ml buffered substrate was added 
to a 5-ml test tube containing 0.5 ml water or test 
solution. Five-tenths milliliter C-57 mouse heart 
homogenate was added and the tubes incubated for 
1 5  min a t  37.5'. The quantity of adenosinetriphos-
phatase that liberates 1pg of phosphate from adeno- 
sinetriphosphoric acid in 15  min is taken as one D-P 
unit. I n  the table the activity is expressed as D-P 
units/milligram of fresh tissue. 

A 0.04 M buf£ered stock solution of the disodium 
salt of ethylenediamine tetraacetic acid2 was pre-

1 Schmars Laboratories. 
Obtained from Alrose C h ~ m i c a l  Co., Providence I, R. I., 

through the  courtesy of H. M. Zussman. 

pared in 0.03 iM Veronal buffer ( p H  7.4) and the p H  
readjusted with N sodium hydroxide. Lower concen-
trations of EDTA were obtained by diluting the stock 
solution with the appropriate amount of water and 
buffer. The solution of EDTA must be buffered to 
compensate for the hydrogen ions displaced by the 
combined calcium. I n  order to exclude p H  variation 
as contributory to the effect on adenosinetriphospha- 
tase, the p H  of each complete illcubation mixture was 
determined. 

TABLE 1 

EFFECTO F  TETRAACETICETHYLENEDIANINE ACIDON 
ADENOSINETRIPHOSPHATASEACTIVITY 

Mouse No. 55 Mouse No. 73 
.. -

One mole of EDTA can chelate an equivalent 
amount of calcium ion. Thus, since the concentration 
of calcium in the test mixture is 0.003 M, this eon-
centration was expected to limit the activation of 
adenosinetriphosphatase. The results obtained are 
summarized in Table 1and Fig. 1.Actually, when the 
level of EDTA is over 0.003 IM the enzyme activity 
is diminished, and above 0.004 M this is linear. How- 
ever, the stimulation observed between 0.001 and 
0.003 M was not anticipated. With 0.002 M EDTA, 
the adenosinetriphosphatase was over 150% more ac- 
tive than in the original homogenate. 

A series of tests was made with various concentra- 
tions of EDTA that had been combined with an equi- 
molecular amount of caIcium chloride, in Veronal and 
sufficient N sodium hydroxide, so that when added 
to the incubation mixture, the final p H  was 7.3-7.4. 
The results are represented in Fig. 1,curve C. It is 
apparent that saturation of the chelation valences of 
EDTA before addition to the incubation mixture 
abolishes its effect on adenosinetriphosphatase ao-
tivity. This indicates that the effects observed are due 
to the deionization capacity of EDTA and not to a 
direct toxic action of the compound on the enzyme 
itself. 

The enzyme system utilized may contain toxic ionic 
species that do not permit nlaximum activity of 
adenosinetriphosphatase. EDTA, in concentrations 



that are not high enough to limit the calcium acti- 
vation, can enhance adenosinetriphosphatase activity 
by combining with these elements. Adenosinetriphos- 
phatase is especially sensitive to minute traces of 
cupric ion, and it has already been suggested that 
the favorable effect of cyanide or glycine on the 
enzyme is due to removal of this ion (1,5 ) .  Swanson 
(6) has reported similar experiences with magnesium 
activated pyrophosphatase and also considers the 
stimulation by EDTA in noninhibitory concentrations 
results from the protection of the enzyme from traces 
of heavy metals. Meyer and Rapport (7) found that 
0.001 M EDTA was partially effective in counteract- 
ing the inhibition of hyaluronidase by 5 x iV 

ferric or cupric ion. 

mined by the resultant equilibrium between compet- 
ing ions, chelation, and other ion-binding reactions. 
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The increasing use of hyaluronidase preparations 
as adjuvants to local anesthetics, for hyperdermocly- 
sis of medicants, resolution of injection hematomas, ,L=
" , , I l  	 and for reduction of lymphedema and traumatic 
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FIG.1. Effect  of  ethylenediamine tetraacetic acid on adeno- 
sinetriphosphatase of mouse heart homogenate. Curve A, 
mouse 55 ; Curve B, mouse 7 3 ;  Curve C, calcium ethylenedia- 
mine tetraacetate. 

I n  any enzyme system affected by inorganic ions, 
chelation of these factors results in either elevation 
or diminution of the observed enzymic activity, de- 
pending on the relative availability of activating or 
inhibitory ions. I t  is conceivable that chelation is an 
important aspect in both the regulation of enzyme 
activity i f z  vuivo, and cellular ionic exchanges gener- 
ally. Ethylenediamine tetraacetic acid and its effect 
on adenosinetriphosphatase may be taken as models 
for this ooncept. Reversible complex formation by 
naturally occurring chelating substances, such as 
keto-, hydroxg-, or amino acids, nucleic acids and 
proteins, could influence the activity of calcium ac-
tivated adenosinetriphosphatase by controlling the 
level of ionic calcium. 

Cellular ionic exchanges in general may involve 
preferential chelation. For example, since the prefer- 
ential chelation of an ion from a mixture depends 
on the comparative stability of the ionic complex 
formed, calcium ion can be expected to displace mag- 
nesium from its EDTA complex whereas copper will 
displace the calcium (8-10). The instantaneous intra- 
cellular availability of a given free ion may be deter- 
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swellings, intensifies the necessity for a complete elab- 
oration of the basic enzymic mechanisms involved. 
Reported dserences in action, specificity, and end 
products produced by both testicular and bacterial 
preparations (1-3) have led us to suspect that hyalu- 
ronidase preparations available for use are actually 
enzyme mixtures capable of eliciting more physio-
logical effects than the hydrolysis of the as yet in- 
completely characterized hyaluronic acid. The data 
enclosed, obtained by surveying commercial prepara- 
tions for a spectrum of eight hydrolytic enzymes, give 
validity to this supposition. 

Three commercial testicular, one commercial bac- 
terial, and three laboratory streptococcal hyaluroni- 
dase preparations were assayed for acid and alkaline 
phosphatases, total esterases, pseudocholinesterases, 
lipases, B-D-galactosidases, 6-glucuronidases, and sul- 
fatases. The techniques were those of Selignlan and 
co-workers (4-8), modified to substitute solutions 
of the test hyaluronidase preparation for the serum 
or tissue homogenate ordinarily used. Hyaluronidase 
assays were done viscosimetrically (9, 1 0 ) .  The prin- 
ciple of the method employed is the colorimetric 
determination of 0-naphthol liberated from a variety 
of naphthyl esters serving as substrates for the en-
zymes tested, i.e., B-naphthyl acetate for esterases, 
B-carbonaphthoxycholiniodide for pseudocholinester-
ases. Table 1, therefore, is expressed as nlicrogranis 
of f3-naphthol liberated per milligram of hyaluroni-
dase test preparation. Average tissue values from 
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