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patterns were ohserved.

The evidence would indicate that the ad-
ministration of heparin, as well as a high fat
meal, modifies the surface active substances
in the plasma with the result that a marked
change occurs in the protein pattern seen in
the paper chromatograms. This is noted also
in the effects due to administration of a
surface active agent such as Tween 81. It
has been shown recently(8) that heparin in-
hibits the action of hyaluronidase, possibly
by competition with hyaluronic acid for the
enzvme. Conceivably the change in the
protein chromatogram of a plasma after
heparin administration is due to some similar
association with a protein fraction.

8. Astrup, T., and Alkjaersy, N., Nature, 1950, v166,
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Summary. 1. Changes in the plasma protein
patterns of dogs after high fat meals, and after
the intravenous administration of heparin or
Tween 81, have been demonstrated, using the
paper chromatographic technic of Franklin
and Quastel. 2. Concurrent reductions in the
hematocrit, and changes in the sedimentation
rate were observed after these procedures.
The chylomicron counts were decreased after
intravenous heparin. 3. The evidence indi-
cates that the surface active substances present
in the blood are modified after the above
administrations, thus affecting the protein
patterns of the paper chromatograms.
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It is well established that certain general-
ized reactions such as lymphocytolysis(1),
lymphocytopenia(2) and eosinopenia(3,4),
which occur following the application of nox-
ious stimuli, are mediated by the secretion of
the adrenal cortex. However, the role of the
secretion of the adrenal cortex in localized
host reactions elicited by topically applied
stimuli has not vet been evaluated. Out-
standing among these local reactions is the

* This investigattion was supported by a grant
from the Life Insurance Research Foundation.

t The authors wish to thank Dr. S. Loewe of the
Department of Pharmacology, University of Utah
College of Medicine, for his valuable aid in prepara-
tion of this manuscript, and Miss K. Seymour for
technical aid.
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process of inflammation. The term “inflam-
mation” is used here to denote only the local
reactions that occur when an injurious agent
acts topically upon tissues. It is the ob-
ject of this study to secure information on the
influence of the secretions of the adrenal cor-
tex upon each of the various component events
composing the inflammatory response. A
stimulating agent was chosen which was not
only known from prior studies to produce
typical inflammatory alterations, but which
has also been implicated in the etiology of
connective tissue disease. To eliminate the
influence of endogenous hormone secretion,
which is difficult to estimate, adrenalectomized
animals were used. The involvement of
secretion of the adrenal cortex was then
studied by comparing the inflammatory reac-
tion of untreated adrenalectomized animals
with that of adrenalectomized animals treated
with a standard dose of cortisone acetate
(Cortone acetate, Merck & Co.).

Materials and methods. Approximately 150
CBA mice 16 weeks of age, of both sexes,
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were used in these experiments. All animals
were kept at a constant external temperature
and were fed ad libitum on dog chow (Pur-
ina), supplemented with calf meal (Larro),
vitamins and water. The animals were sensi-
tized with 0.7 cc and 0.5 cc of horse serum
given intraperitoneally in an interval of 2
days. The local inflammation was then pro-
duced 19 days after the second sensitizing
dose by topical subcutaneous injection of a
challenging antigen dose into the subcutaneous
tissue of the abdomen. All animals received
a uniform challenging dose, namely 0.0005 cc
horse serum per 20 g mouse given in a total
volume of 0.25 cc saline. This dose was
selected because it had previously been estab-
lished as the anaphylactic LDsq in adrenal-
ectomized animals(5), when injected intra-
venously. The volume was chosen to insure
sufficient spread of the antigen to produce an
area of response adequate for the subsequent
biopsy. The mice were adrenalectomized in
the customary fashion by the bilateral poster-
ior approach. In all experiments, the chal-
lenging dose was injected 3 to 4 hours after
adrenalectomy.  The area injected was
marked with wax pencil for exact identifica-
tion of the site of topical treatment. The
adrenalectomized animals were divided into
2 groups. To Group 1, 1 mg of cortisone ace-
tate per 20 g mouse was given by the intra-
peritoneal route 2 hours after adrenalectomy
and 2 hours before the administration of the
challenging dose of horse serum. The second
group received only the antigen dose at the
same time interval after adrenalectomy. Five
groups of control animals were used in these
experiments: (1) non-sensitized intact ani-
mals. (2) sensitized intact animals. (3) sensi-
tized adrenalectomized animals and (4) sen-
sitized adrenalectomized animals given 1 mg
of cortisone acetate by intraperitoneal injec-
tion 2 hours after adrenalectomy. These 4
groups received no local serum injection. The
fifth control group was composed of intact
sensitized animals receiving the challenging
antigen dose 19 days after the second sensitiz-
ing dose. This control group was introduced

3. Dougherty, T. F., 4.4.4.5. Sympos. on Adrenal
Cortex, 1950, in press.
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in order to study the inflammatory response
in sensitized non-adrenalectomized animals.
In all instances at least 7 animals were studied
at each of the time intervals at which sub-
cutaneous spreads were taken, with the ex-
ception of the control Groups 2 and 5, which
consisted of 5 animals.

The methods for studying the inflammatory
reaction were essentially those described in
detail previously(6). At varied intervals fol-
lowing administration of the antigen, the skin
of the challenged area was opened and the
subcutaneous connective tissue excised in thin
sheets for the study of the local inflammatory
response. Such spreads were taken 2, 4, 6,
8, 10, 12, and 24 hours after the injection of
the antigen dose from all challenged animals,
6 hours after removal of the adrenals from the
adrenalectomized, and 4 hours after cortisone
from the intact controls. The excised sheets
of areolar tissue were spread thinly on slides,
air-dried and stained with May-Griinwald
Giemsa. Six or 8 spreads were prepared from
the area of inflammation and at the same
time control spreads were taken from other
areas far removed from the injected zone.
Moreover, loose connective tissue spreads were
prepared simultaneously from the site of in-
cision for adrenalectomy. In those groups
in which no topical inflammatory phenomenon
was arranged, the spreads were taken from a
comparable subcutaneous site. In each spread,
in addition to an extensive qualitative cyto-
logical study, differential cell counts were
made, ascertaining the percentage distribution
of fibroblasts, polymorphonuclear leucocytes,
macrophages, lymphocytes and eosinophils. A
differential count of 800 cells was performed
on each set of spreads originating from the
site of horse serum injection.

Results, Comparison of the control groups
revealed that sensitization alone or combined
with adrenalectomy did not produce any
marked alteration in either morphology or
number of the cells of subcutaneous connec-
tive tissue. The eosinophils in areolar tissue
were markedly decreased in all sensitized
animals. The same holds true for sensitized
intraperitoneally cortisone-treated controls.

6. Kolouch, ¥, Jr., Am. J. Path., 1939, v15, 413.
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TABLE 1. Changes in Percentage Distribution of Cells in Allergic Inflammation Produced By
Locally Applied Horse Serum.

= o IS B m
;24 3 & o Hon
A L EL-L -t
<= : o =]
Group = = = A == e = =
1. Non-sensitized intact controls 88.3 == 1.26 g+ 38 22+.33 82*%112
2. Sensitized intact controls. 6 585+ 570 312+3582 30+100 23+x.73 45%1.00
-+ .0005 ecc H.S. s.c.
3. Sensitized adrenect local injec- 2 69.7 #2498 20.1 =588 16* .51 49=*+.71 31* 79
tion of .0005 cc H.S. s.c. 4 404 £ 5.43 49.9 + 546 1.6 = 34 3.9 =+ .52 3.5+ 91
8 2953 #3353 61.5+420 25+ 70 23+ 44 35113
12 308+ 461 408 *+462 119188 15*x.40 53=%x .90
24 297 2409 303 *X2.03 309+308 26 % 47 6.0 = 1.03
4. Sensitized adrenect - 1 mg 2 792+498 694397 41+ 8 52+.71 44% 92
Cortisone i.p. 4 .0003 cc 4 757+ 440 17.2 447 21+ 41 33+ .53 1.3+ .33
HS.sc. 6 069.0+4.73 18.5 = 5.68 1.2+ 37 40—+ 91 106 =£1.86
8 774355 171363 9+ 28 19=x .61 2.7+ 52
12 79.6 = 7.59 13.9 4+ 339 14+ 34 14—+ .52 29 £ .67
24 809 =242 110+ 283 15+ 46 20+ .30 47100

* After local application of H.S.

t All means and standard errors represent values obtained on 10 animals, with exception of

Group 2 in which § animals were used.

The local inflammatory response of sensitized
animals to the challenging antigen injection
was qualitatively the same in intact (Table T,
Group 2) and in adrenalectomized animals
(Table I, Group 3). Within the first 2 hours
following administration of the challenging
dose of antigen, the connective tissue at the
site of injection exhibited localized edema.
The fibroblasts underwent early degenerative
changes such as plasmolysis, swelling of nu-
clei and, in many instances, actually kary-
orrhexis (Plate 1, Fig. 1). The inflammatory
response was quite different when cortisone
was administered 2 hours before the chal-
lenging dose (Table I, Group 4). Whereas
the connective tissue became edematous, the
destruction of fibroblasts and the invasion of
polymorphonuclear leucocytes and macro-
phages were much less extensive.

The above described qualitative findings
are supplemented by the quantitative data
obtained from the differential cell counts in
the inflamed areas.

The abnormal percentage distribution char-
acteristic of the local inflammatory response
exhibits the same trend in the intact group
(Table I, Group 2). and in adrenalectomized
animals (Table I, Group 3); the shifts in
cell count after 6 hours appear more pro-

nounced in the adrenalectomized animals, par-
ticularly the decrease in fibroblasts and the
invasion of macrophages. In the cortisone-
treated animals, the inflammatory response is
quite different. as illustrated by a compari-
son of the data for percentage cell distribution
in the areas of inflammation of cortisone-
treated (Table I, Group 4), with those of non-
cortisone-treated animals (Table I, Group 3).
In the cortisone-treated group (Table I,
Group 4) the inflammatory response was not
completely suppressed but it was greatly di-
minished and shortened.

The traumatically induced inflammation in
the adrenalectomy wounds paralleled in both
groups the allergic inflammation in the serum-
challenged area, 4. exhibited a similar
diminution by systemic cortisone treatment.

Comment. 1In the present study, a local
antigen-antibody reaction was used as the
method of producing acute focal inflammation.
The local inflammatory phenomena here de-
scribed demonstrate that the cytological
changes and their temporal characteristics are
similar in such allergen-produced inflamma-
tion to those inflammations produced by var-
ious other inflammatory stimuli, e.g. trau-
matic, chemical or bacterial(6,7). Tech-
nically, the procedure employed focuses the



CoORTISONE INHIBITION OF INFLAMMATION 857

All Preparations were Air-dried and Stained with May Briinwald Giemsa Solution.
Fic. 1. PMN-response in loose connective tissue 4 hr after local horse serum injection to
sensitized adrenalectomized animals. Fibroblasts present in the injection area show cytoplasmic

and nuclear destruction. X 540.

Fic. 2. Connective tissue of cortisone (1 mg i.p.) treated animals 4 hr after local horse
serum injection to sensitized adrenalectomized mice. Few PMN’s and eosinophils present. Few

injured fibroblasts. X760.

Fi. 3. Macrophage response in untreated animals 24 hr after local horse serum injection
to sensitized adrenalectomized mice. Thirty per cent of ceils present are macrophages, apjroxi-

mately 30% PMN’s and another 30% fibroblasts.

X760.

F16. 4. Connective tissue of cortisone treated animals 24 hr after local horse serum injection
to sensitized adrenalectomized mice. Note absence of macrophages and slight increased number
of locally developing eosinophils. Mast cell in the lower right corner. X 760.

observation to the study of the primary arena
of those exacerbations of physiologically fluc-
tuating processes, called inflammation, and to

7. Menkin, V., Dynamics of Inflammation, Mac-
millan Co., 1940.

their major performers the cellular elements
of connective tissue. Regarding the stimulus
employed, the method is attractive because
the inflammatory process is produced by al-
lergy, which more and more emerges as an
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important factor in the production of connec-
tive tissue disease(8.9). Furthermore the
method allows the detailed study of the
changes in cellular morphology, the fluctua-
tions in cell population and the alterations in
tissue structure in the sequence in which they
characterize the destructive, the defensive and
the reparative stage of inflammation.

Adrenal cortical secretions unquestionably
exert a marked antiphlogistic action. This is
indicated by the results of adrenalectomy,
which noticeably increases the inflammatory
response and by cortisone treatment which
profoundly depresses the cellular changes of
inflammation.

This inhibitory effect of cortisone involves
both the alterative process of fibroblast dam-
age and the invasion of non-autochthonous
cells, The influx of polymorphonuclears is
markedly diminished by the adrenal hormone.
Analysis of the data in Table I would seem
to indicate the cortisone treatment does not
influence the invasion of lymphocytes. This,
however, is not the case. Since the lympho-
cyvtes entering the field of inflammation in
non-cortisone treated adrenalectomized ani-
mals transform rapidly to macrophages, a low
value for lymphocytes is maintained at the
various intervals studied. The absence of a
macrophage response to the phlogogenic stim-
ulus in cortisone-treated animals could be a
result of the capacity of this hormone to mini-
mize lymphocyte invasion and thereby elim-
inate the cells which are known to be the
precursors of macrophages in the inflamed
area(6,10,11). 1Tt is possible that by this
mechanism, administration of large amounts
of cortisone or hypersecretion of adrenal cor-
tical hormones can diminish the resistance of
the organism to many noxious stimuli.

Adrenal cortical hormones could exert their
antiphlogistic effect upon allergic inflammation
through one or two major mechanisms. They

8. Rich, A. R., and Gregory, J. E., Bull. Johns
Hogpkins Hosp., 1943, v72, 65.

9. Rich, A. R., Harvey Lectures, 1946-47, v42, 106.

10. Bloom, W.. drch. . exp. Zellforsch., 1928, v3,
269,

11. Rebuck, J. W., 4 Review, Am. J. Clin. Path.,
1947, v17, 614.
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could interfere either with the antigen-anti-
body reaction itself or with its sequels. Re-
garding the former mechanism, cortisone may
increase the amount of circulating antibody,
which would bind more antigen and leave
less free for reaction with cellular antibody.
It is possible also that cortisone might de-
crease the amount of cellular antibody or
prevent its union with antigen. The litera-
ture is completely contradictory concerning
the influence of adrenal cortical hormones on
the level of circulating antibody. Some claims
exist that adrenal cortical secretions enhance
circulating antibody titer(12-15). On the
other hand it has recently been suggested
that adrenal cortical hypersecretion dimin-
ishes circulating antibody(16,17). The con-
troversial reports on the producibility of an
anamnestic response(13,18-20) by these hor-
mones further increases the contradictory
status. That cortisone does not prevent the
in vitro Schultz Dale reaction(21) nor the
tissue alterations of anaphylactic shock in
vivo(5) indicates that the antiphlogistic ef-
fect of cortisone is not due to interference
with antigen-antibody union.

It has been suggested(5) that cortisone
may inhibit allergic inflammation not by some
mechanism specifically related to the antigen-
antibody union but rather through its general
antiphlogistic action. Evidence which sup-
ports this view is that acute inflammations
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produced by trauma are inhibited as well as
those originating from chemical stimuli(22).
There is much evidence emphasizing that the
substances released by the antigen-antibody
reaction elicit the responses of the effector
organs. tissues and cells. The influence of
cortisone upon the release, transfer, distribu-
tion or action of these mediator substances will
be of primary importance for future investi-
gations designed to ascertain the mechanism
of the antiphlogistic action of this hormone.
Summary. By investigation of experi-
mentally induced allergic and traumatic in-
flammation in (a) adrenalectomized and (b)

22, Gross, F., Schweiz, Med., Wchnschr., 1930, v80,
697.
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adrenalectomized and cortisone-treated ani-
mals, the role of the adrenals and of exogenous
cortical hormone in the regulation of the
cellular changes of the inflammatory process
was evaluated. Adrenal cortical secretions
and exogenous cortisone were demonstrated
to inhibit allergic inflammation through an
antiphlogistic action sui gemeris, rather than
by interfering with the antigen-antibody
union. It is suggested that this antiphlogistic
action of cortisone accounts for the capacity
of this hormone to minimize the consequences
of a wide variety of unrelated inflammation
producing stimuli.

Received October 23, 1950. P.S.E.B.M., 1050, v75.
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(Introduced by A. E. Adams.)

From the Walter H. Merriam Laboratory, Department of Zoology, Mount Holyoke College,
South Hadley, Mass.

In a recent paper(l), aging changes in
the tunica media of the aorta of animals {from
newborn through old age were described.
The present study is concerned with the effects
of x-radiation on the media of elastic arteries
of mice of different age groups. A review of
previous work on the effects of irradiation on
blood vessels has been presented by Rhoades
(2). She reported that “the most constant
and obvious effects of irradiation . . . were
changes in collagen” and that these changes
could be “considered characteristic of the
treatment.” Her discussion was concerned
primarily with the tunica adventitia; how-
ever, since that portion of the arterial wall
is poorly developed in the mouse, a study of

* This work was supported by a grant from the
United States Public Health Service. The mice were
irradiated through the courtesy of the Westfield
State Sanatorium.
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the well developed media was considered more
feasible.

Methods. Fifteen mice, 20 to 30 days of
age, 15 mice, 80 to 100 days, and 15 as old
as could be obtained from the Roscoe B. Jack-
son Memorial Laboratory were used in this
investigation. X-ray of 250 kv filtered with
2 mm of copper and 1 mm of aluminum was
used for total body external exposure. The
animals were held in a plastic wire cage(3)
and received single treatments of 410 r. The
intensity of x-radiation was 31 r per minute.
According to Murray(4), the dose lethal to
50% of the mice within 30 days has been
determined by Hagen, Simmons and Sacher to
be about 500 r. Mice from each age group
were killed at 2,4,8,12,22,28,36,48,72,84,96,
117 hours and 6,7,8 days after x-radiation.
The aortae of 58 mice studied for aging
changes in the media from birth through
760 days of age were used as controls(1l).
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