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activated by DOC. These effects of DOiC 
on cultured heart fragments probably do not 
represent any normal function of the steroid 
within the body, although Cleghorn et aE. 
have indicated the possibility of a specific 
beneficial influence of DOCA on the heart. 
Adequate DOCA therapy will abolish the 
cardiac arrhythmia of adrenal insufficiency (8) 
although maintenance doses sufficient to return 
plasma electrolyte values to nolrmal may not 
impr'ove the electrocardiogram (3). The DOC- 
induced inhibition of the heart fragments in 
culture may be related to certain systemic 
effects of DOCA overdosage. DOiCA and 
other steroids act as depressants (9,lO). Weak- 
ness of skeletal muscle and irregularity of 
heart beat induced by DOCA can be prevented 
by increased potassium intake ( 1 1 ) . I n  cul- 
tures the heart was less inihilbited by DOC in 
the presence of potassium. Difficulties are 
likewise encountered in trying to relate corti- 
cal steroid effects in the body and on cultures 
of kidney, where co~rtisone increases excre- 
tion by mesonephric tubules ( 1 2 ) .  

Serum most probably interferes with the 
DOC effect by adsorbing the steroid(l3) al- 

8 .  CZezhcrn, R. A.,  Clarke, A.  P. W., and Green- 
wocd. W. F., Endocvinol., 1943, v32, 170. 

9. SelJc. H., J .  Pharnz. and Erp. Tlzer., 1941, v73, 
12;. 

1C.  Fa rxn ,  I>. B., Carr, C. J., and Krantz, J .  C., 
J r .#  PROC. SOC. EXP. Bror.. AXD MED., 194b, v63, i 0  

11. IiuhIman, D., Ragan, C., Ferrebee, J. W., 
.4tchle!., D. W., and Loeb, R. F., Science, 1939, v90, 

1 2 .  Chambers, R., and Cameron, G., Am. J .  

13. Dai-is, €3. D., Anz. Scientist, 1946, v34, 611. 

39rJ. 

Plissiol.. 1943, v141, 135. 

though the temporary recovery of hearts in 
the presence of an overdose of DOC points 
to a possible site of counteraction within the 
cell. If there is an antagonist in serum, it 
would not appear to be cortisone inasmuch as 
cortisone alone will not interfere with DOC, 
and sera presumably high in cortisone activ- 
ity (placental or post-epinephrine) proved 
no more antagonistic than normal aduEt slerum. 
Nor could any synergist in serum be demon- 
strated by blocking hearts in serum and then 
adding cortisone. The inertness of DOC ace- 
tate may result merely from its low solubility, 
but could also be interpreted as evidence that 
only the unesterified steroid is physiologically 
active and thait heart tissue is unable to hydro- 
lyse it. 

Sumnznry. DOC reversibly inhibits the 
pulsation of mouse or chick heart fragments 
in vitro. The inhibition can be removed by 
serum but not by cortisone, and is more ef- 
fective in the absence of potassium. DOC 
and cortisone h'ave no influence upon potas- 
sium inhilbition of the heart. Epinephrine 
will alrnos8t completely counlteract potassium 
inhibition but revives only a few DOC- 
po is one d fragments . 
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of an indicator has become a useful tool for 
investigation. Employing this method of 
study, it became apparent that there was 
considerable difficulty in reproducing results. 
lye11 aware that there are many biological 
factors incapable of definitive control, this 
report presents the results of a study, in 
which controllable physical manipulations 
that are operating during an investigation of 
the enzymatic activity were varied. These 
factors include: the volume injected, the en- 
zyme content. the rate of injection and the 
time elapsing between injection and measure- 
men t . 

,VateriaZs and methods. Twenty-three 
young, female Sprague-Dawley white rats 
were used as the test animals. The hair was 
clipped closely over the entire dorsum and 
injections were made using comparable lo- 
cations on each side of the midline for con- 
trol and experimental studies. ,Aseptic technic 
was maintained throughout except that there 
was no preliminary sterilization of the in- 
jection sites. -4 commercial preparation of 
hyaluronidase t was employed which assayed 
500 viscosity units per cc. Because the en- 
zyme preparation contained sufficient sodium 
chloride to make it isotonic when dissolved 
in one cubic centimeter of distilled water, 2 
preparations of the indicator substance, hemo- 
globin, were necessary. One, to be used as 
the control, was made isotonic with sodium 
chloride; the other, for solution of the en- 
zyme, contained no sodium chloride. 

Five experimental conditions were em- 
ployed (Table I ) .  The variable in each ex- 
periment is in italic print. The injec- 
tions were made a t  a constant rate of injec- 
tion, 0.01 ccjS sec., except where the rate 
of injection was the variable. The area of 
spread was determined by caliper measure- 
ments of the length and width of the ellip- 
soid. The measurements were taken as rap- 
idly as possible through the first 15  min- 
utes of enzyme activity. The arithmetical 
means of area of spread for each minute were 
calculated. Measurements of continued 

t Generously supplied as Alidase by Dr. Irwin C. 
Winter, Director of Clinical Rezearch, G. D. Searle 
and Co., Chicago, Ill. 
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fSnzyme Time of 
Experiment  Val. inj .  content inj. 

A 0.05 cc 0 25 see. 
R 0.05 c'c 85 un i t s  25 see. 
c 0.05 ce 25 '' 5 see. 
1) 0.05 cc 12.5 y 7  25 sec. 
Ic 0.1 cc "5  " 30 see. 

spread were made a t  5 minute intervals 
through 30 minutes, then every 10 minutes 
for the first hour. After that, the interval 
was every half hour, until the termination of 
the experiment a t  5 hours. -4 total of 1056 
observations was made during the course of 
the entire study, averaging 8 observations 
for each time period in each of the individual 
experiments. Seventy-one per cent of all 
single observations fell within a range of 
10 sq. mm in area from the curve represent- 
ing the arithmetical means of each experi- 
ment. 

Results. Fig. 1 graphically presents the 
results of all the experiments. The ordinate 
is the logarithm of time in seconds and the 
abscissa is area in sq. mm. There is an 
overall pattern of spreading characterized by 
two phases of activity: the first, a period of 
very slow spread; and the second, character- 
ized by an accelerated rate of spread. The  
variations in the spreading process produced 
by varying enzyme content, rate of injection, 
and volume of injection are clearly demon- 
strated. Fig. 2 is a presentation of lthe data 
from all 5 experiments on a single animal. 
It demonstrates the uniformity of results ob- 
tained. There are quantiltative differences 
from the means obtained in the entire study, 
but qualitatively the general conifiguration of 
the curves in the two graphs is identical. It 
is evident, therefore, that each od the experi- 
mental variables, such as enzyme content, 
rate of injection and volume of injected ma- 
terial substantially influences the area of 
spread at a given time after injection. 

A comparison of curve C with curve B 
of Fig. 1 shows that with constant volume 
of injection and constant enzyme concentra- 
tion, the more rapid the rate of injection, 
the larger will be the area od spreading at 
comparable times. The area increase is con- 
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FIG. 1. 
Variations in rate of spread resulting from altering certain factors: S-control; B-25 

ur1it.s enzyme; &injection time 5 see.; D-12.5 iinits enzyme; E-0.1 cc volume. (cf. Table I). 
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FIG. 2. 
Graphic presentation of the data obtained from a single series of experiments on the same 

animal. (For explanation of the curves, see Table I). 



3 60 3 [EASUREMENT O F  HYAT~URONIDASE ACTIVITY 

s i .i t en t 1~ an ci LI n i io r 111 1 j y  g r ea t e r t h r oug ho u t 
the j hour observation period. Curve I> 
compared with curve B is remarkable in that 
with a constant rate of injection and con- 
stant volume, one-half the enzyme concen- 
tration produces a larger area of spread dur- 
ii?? the slow initial phase. The  smaller area 
ot' spread in the rapid phase is the more 
to be *expected result. 

Ti the volume of  the injected solution is 
doubled, hut the enzyme content is constant 
and the rate of injection is unchanged. i e . ,  
.01 cc 3 sec. (curve E, Fig. l ) !  there is a 
much greater rate ol spread compared with 
ctirve 13. Fig. 1 .  

nisi irsslor.1. I n  this ,tudy. no attempt was 
made to control age. weight. or state of the 
e<trous cycle in the test animals. S o  eiralu- 
a t ion  was made of the individual animal's 
actrenal cortical response to the trauma of 
h:inc!ling. operative manipu!ations and per- 
iocls of restraint. Whether or not the re- 
:merating hair pattern influences the dermal 
bl)reaci o f  hyaluronidase is not known and 
:\-as not considered. E\rans and S tadinaveitea 

1 I have postulated on theoretical grounds 
thdt the kinetics of  the spread of an  indi- 
cator d u t i o n  through the dermal layer might, 
be zoverned by one or 130th of two steps. 
The first is a reaction between the diffusing 
factor molecules and the relatively non- 
prrnieable wall of the dermal tissue. The 
seconc! is the diffusion of the enzyme into 
the layer of solution which has been de- 
pleted of diffusing factor molecules by the 
reaction. The second step is supposed to be 
much slower than the first and is. therefore, 
the process which is followed experimentally. 
T h e  data obtained in the present study fail 
to confirm such an interpretation since a11 
the curves of activity are characterized by an 
initial phase of slow spread followed by a 
phase of more rapid spread. 

The data from these experiments show 
that in employing the effect on the spread 
of an  indicator by hyaluronidase as a bio- 

-1 ,  1440, v341, 613. 
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logical measurement, certain physical factors 
niust be carefully controlled. Failure to 
measure areas a t  uniform intervals after in- 
jection may result in considerable variation. 
The greatest error in reproducing comparable 
results arises from this single factor. For 
example, comparing curves A and B (Fig. 1 ) , 
if .A (the control) is read a t  2 hours and B 
is read at  15 hours, an error of 30 sq. mm 
(10%) obtains. Though the eff'ect od rate 
of injection is consistently present, it con- 
stitutes a small error. From the shapes of 
curves B and C (Fig. l ) ,  these appear to 
approach identical values after a period of 
5 hours. 

The peculiarity of a larger area of spread 
with a lower concentration of enzyme in the 
earlier phase of spreading as evidenced by 
curve L>. Fig. 1, suggests that there may be 
an optimum concentration of enzyme for 
maximum spreading. Only when i t  reaches 
the niore rapid phase does (the curve con- 
form to the usual pattern for the relationship 
of rate of reaction to enzyme concentration 
( 2 ) .  Curve E! Fig. 1,  illustrating the effect 
of increased volume of injection, shows a 
uniformly greater spreading effect, though 
the rate of injection and the enzyme content 
are constant. 

I t  is suggested that the substrate concen- 
tration may be the limiting factor during the 
course of the slow phase of spreading. Such 
an  interpretation would account for the ex- 
perimental findings. 

Summary. 1. The  presence of several con- 
trollable sources of error in the study of 
indicator spreading b y  th'e enzyme hyaluroni- 
dase has been demonstrated. These are rate 
of injection, enzyme concentration, volume 
of the injection mass and measurement after 
equal intervals of enzyme activity. 2. Each 
factor of error singly or in any possible 
combination with others may materially alter 
the results of any investigation using this 
spreading as a biological measure. 
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