782

Influence of ACTH and Cortisone upon Alteration in Capillary

Permeability Induced by Hyaluronidase in Rats.*

(18341)

Earr P. BEnpITT, SARA ScHILLER, HELEN WoONG, AND ALBERT DORFMAN.

From the Departments of Pathology and Pediatrics of the University of Chicago Clinics and the
La Rabide Jackson Park Sanatorium, Chicago.

The scope and nature of the physiological
processes which come under the influence of
the adrenal cortex is only beginning to be ap-
preciated. Alterations induced in the animal
body by the administration of adrenal cor-
tical steroids are widespread and are obtained
in many tissues(l). It has been sug-
gested(2-4) that the plasticity of the ground
substance of connective tissue may be, in part,
under the control of these steroids. The per-
meability of connective tissues and mem-
branes to dyes, particulates and fluids is in-
creased following local application of hyal-
uronidase preparations(5,6,7). Intravenous
administration of the enzyme produces an in-
crease in capillary permeability(8,9). Fol-
lowing adrenal stimulation (produced by
ACTH, epinephrine or stress conditions) or
the administration of Compound E or adrenal
cortical extract, the alterations in connective
tissue and membrane permeability resulting
from hyaluronidase are reported to be sup-
pressed(3,5,10).

The present investigation demonstrates the
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inhibitory effect of ACTH and cortisone
acetate on the increase in capillary permea-
bility induced by the intravenous administra-
tion of a hyaluronidase preparation.
Materials and Methods. Female Sprague-
Dawley rats weighing approximately 184 g
were fed Purina chow and water ad [lib.
Weights were noted at the start of the experi-
mental period and at the time of the hyalur-
onidase injection. Two mg of Evans blue
in 0.2 or 0.5 ml of saline were administered
intravenously by tail vein. One-half or one
ml of a saline solution of bull testis hyal-
uronidase, assaying 184 unitst per mg, and
containing 2000 units, was given by tail vein
immediately following the dye. Control ani-
mals received an equal volume of saline. The
concentration of Evans blue in the blood,
total serum protein, and hematocrit were de-

TABLE L. Influence of ACTH and Cortisone Upon

Serum Dye Concentration, Serum Protein Conecen-

tration, and Hematoerit Measured 30 Min. After
Inj. of a Hyaluronidase Preparation.

No
treatment® ACTH Cortisone
Evans blue cone. corrected for body wt/ml serum
Saline 205 + 4.2 194 + 4.9 199 + 4.1
Hyaluronidase 155 +3.3 177 +3.5 168 +5.3

% inhibition —  67(p<.001)t 40(p<.05)

Serum protein concentration g %

Saline 640 .11 6.20+.2 6.78+.1
Hyaluronidase 5.32 +.19 584 +.1 6.12+.2

% inhibition — 67(p<.05) 40(p>.1)
Hematocrit—%

Saline 48.6 1.3 522+18 518=+15

Hyaluronidase 357.2 +09 513 +23 524421

% inhibition —  110(p<<.01) 93(p<.01)

* The values are the means and standard errors
for each treatment group. Eaech group consisted
of 10 rats. The experiment was done in 2 parts,
4 animals per group in the first part and 6 animals
per group in the second part.

t P values are for the order of significance of
the difference in hyaluronidase effect between
treated and untreated animals.

t The unit is arbitrary as previously described (11).
11. Dorfman, A., and Ott, M. L., J. Biol. Chem.,
1048, v172, 367.
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TABLE II. TInfluence of Duration of Treatment with Cortisone Acetate Upon Disappearance of Evans Blue

from the Blood of Rats Injected with Hyaluronidase. Evans blue concentration corrected for body weight

per ml of blood.

12 hr 24 hr 48 hr 96 hr
g ) [ Y r— T T
Cortisone Cortisone Cortisone Cortisone
Control acetatet Control acetate Control acetate Control  acetate
Saline 126 +1.4 127 2.7 126 2.2 122 + 0.5 132 +44 13119 121431 122+0.8
Hyaluronidase 907.0 92 +5.4 75 +37 85476 82 +35 101450 9724 113+34
% inhibition 3(p>.9) 26(p>.1) 40 (p<.05) 64(p<.01)

* This group eontained 47;11711;171;1;; ;alﬁliotih:a—r*&oups consisted of 5 animals.

t 5 mg per animal per day.

termined 30 minutes following the adminis-
tration of the enzyme by methods previously
described(12). In the experiments shown in
Table I, the dye concentration was measured
in the serum; whole blood was used in sub-
sequent experiments. The ACTH! was ad-
ministered subcutaneously in 2 daily doses of
2.5 mg per 0.5 ml of an 0.85% saline solution.
Cortisone acetate was given subcutaneously as
a suspension diluted with saline so that each
animal received 2.5 mg twice a day except as
indicated in Table II. Evans blue con-
centration following the injection of a con-
stant quantity of dye varies inversely as the
plasma or blood volume and blood volume
varies as the body weight(13). In order to
compare the serum or blood dye concentra-
tions in animals of differing weights a correc-
tion was introduced. Dye concentration in
pg per ml of serum or blood was multiplied
by the body weight of the animal taken at the
time of the test. The values were all divided
by 200 g to yield concentration of dye per
ml of serum or blood for a 200 g rat. These
values are recorded in the tables.

Results. The experiment in Table I was
designed to test whether ACTH or cortisone
acetate would inhibit the increase in capillary
permeability induced by testicular extract.
One group of animals was pretreated for 5
days with ACTH, another with cortisone

12. Benditt, E. P., Straube, R. L., and Humphreys,
E. M., Proc. Soc. Exe. Bror. axno Mep., 1946, v62,
189.

{ ACTH was obtained through the courtesy of
Dr. Edwin E. Hays of the Armour Laboratories.
The dosage refers to LA-1-A standard.

13. Brody, S., Bioenergetics and Growth, 1945,
593, Reinhold Publishing Corp., N. Y.

‘Each group was then divided in half.

acetate; and a third received no treatment.
One
half of the animals received saline and Evans
blue intravenously, the other half received
hyaluronidase and Evans blue. Table I dem-
onstrates that both ACTH and cortisone
acetate inhibited the effects of the hyalur-
onidase. The inhibition of the change in
the 3 indices of enzyme action studied (dye
concentration, serum protein, and hemato-
crit) was statistically significant in all but
the effect of cortisone upon the serum pro-
tein change.

The experiment shown in Table II was
evolved to determine how soon the inhibitory
action of cortisone acetate becomes manifest.
Groups of § animals each were injected sub-
cutaneously twice daily with the steroid sus-
pension while control animals were treated
with saline. Twelve, 24, 48, and 96 hours
following initiation of therapy, rates of Evans
blue disappearance were tested in groups of
animals after injection of enzyme solution or
saline. Although the inhibition of the effect
of testicular extract appeared 24 hours fol-
lowing initiation of therapy, a statistically
significant reduction did not occur until 48
hours had elapsed.

A single large dose of 20 mg of cortisone
acetate, as obtained, in 0.8 ml of the com-
mercial diluent$ was administered subcuta-
neously to a group of 10 animals. Controls
received an equal volume of the diluent sub-
cutaneously. Twelve hours later they were
tested as in the previous experiment. No
inhibition was demonstrable,

Discussion. The exact nature of the action

§ Cortisone acetate suspension was purchased from
Merck and Co.



784

of intravenously administered hyaluronidase
in the rat is unknown. The increased rate of
disappearance of Evans blue from the circula-
tion, the decrease in serum protein concen-
tration, and the increased hematocrit following
injection of the enzyme indicate an increase
in capillary permeability. Histologic exami-
nation of the grossly edematous areas in these
animals(14.15) does not show rupture of the
capillary wall as seen by Zweifach and
Chambers(16).

Present knowledge(17,18) of the in vitro
action of partially purified testicular extracts
makes it reasonable to assume that the enzyme
acts upon such polysaccharides as hyaluronic
acid and chondroitin sulfate. If these poly-
saccharides are components of the intercellular
substance of the capillary, the present work
suggests that the intercellular substance be-
comes resistant to the action of testicular
hyvaluronidase following administration of
ACTH and cortisone. To the extent that
there is increased resistance of the capillary
to the action of testicular enzvme our data
agree with the reports of others who found
that local and distant administration of ad-
renal cortical extract inhibited the spreading
and permeability increasing effect of testicular
extract in skin(3.19) and synovial mem-
branes(4).

An immediate effect due to local applica-
tion of adrenal substances and the rapid emer-
gence of an effect following distant admin-
istration(3,4,19) suggest a direct action of
the compounds on connective tissue. Inhibi-
tion 7n vitro of the action of hyaluronidase on
membrane permeability(3) is also consistent

14. Elster, S. K., Ann. N. ¥. dcad. Sci., 1950, v32,
1050.
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with the hypothesis of a direct action. In
contrast, our data show no significant inhibi-
tion until 48 hours of treatment had been
given. From the results of this investigation
one may postulate an intermediate step be-
tween the administration of cortisone and its
action on the tissue. The following possi-
bilities exist: 1) cortisone acetate is not the
active substance and must be modified by
some cellular process to another compound
which acts directly on the tissue or the
enzyme, or 2) cortisone affects the cells of
the mesenchyme which in turn alter the inter-
cellular substance. Winter and Flataker pre-
sent evidence indicating that cortisone acetate
is not the locally active compound. Such ac-
tivity, however, was found to be present in
adrenal cortical extract(20). That cortisone
acetate has an effect on mesenchymal cells
has been demonstrated(21,22).

Summary. Intravenous administration of
2000 units of partially purified testicular
hyaluronidase in rats induced an increased
rate of disappearance of Evans blue, a de-
creased concentration of serum protein, and
an increased hematocrit. These manifesta-
tions of an increased capillary permeability
due to the action of the enzyme preparation
were largely inhibited by 5 days pretreatment
with subcutaneous administration (5 mg per
day) of either ACTH or cortisone acetate. A
minimum of 24 to 48 hours of pretreatment
with cortisone acetate was required for a
discernible inhibition of the hyaluronidase
effect. The evidence suggests an intermediate
step between cortisone acetate and its action
on connective tissue,
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1930, vO, 137.

21. Creditor, M. C., Bevans, M., Munday, W. L,
and Ragan, C., Proc. Soc. Exp. Bior. axnp MEDp., 1950,
v74, 245,

22. Spain, D. M., Molomut, M., and Haber, A,
Science, 1930, v112, 333.

Received November 8, 1950. P.S.E.B.M., 1950, v75.



