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Summary.-The vascular permeability response induced in the rat by intra-
cutaneous histamine or serotonin is noticeably influenced by previous adrenalectomy
or treatment with corticosterone. Permeability responses were demonstrated by
the local exudation of circulating Evans blue at sites of intracutaneous injection of the
above permeability factors, the intensity of the responses being assessed by the
diameter of the blue lesions as well as by the amount of exuded dye.

In adrenalectomized rats maintained for 72-80 h on 0.9% solution of NaCl, the
permeability response to histamine was enhanced about 10-fold, that to serotonin
about 5-fold. When rats were given subcutaneous corticosterone, 1 0 mg/animal 1 h
before testing, the responses to the same 2 permeability factors were decreased about
10-fold and 5-fold respectively. Corticosterone also decreased the enhanced
responses in adrenalectomized rats to levels somewhat below those in mock
adrenalectomized controls. The results support the proposal from other work that
vascular exudation in experimental inflammation is regulated by an anti-
inflammatory factor that accumulates in injured tissues and owes its effect to release
of corticosteroids.

MOST OF THE literature on the acute
inflammatory response deals with factors
that mediate the component vascular
reactions and, in particular, the increase
of vascular permeability. On the other
hand, little information is available con-
cerning the natural control of the perme-
ability response. Evidence has recently
been obtained, however, that the exuda-
tion of plasma in acute inflammation is
regulated by a feed-back mechanism
which is induced comparatively early in
the inflammatory response (Garcia Leme
and Schapoval, 1975). In carrageenin or
dextran lesions of the rat's paw, an
"anti-inflammatory factor " accumulates
in the injured tissues and owes its effects
to release of corticosteroids via the hypo-
thalamo-pituitary-adrenal axis. The
anti-inflammatory factor has been har-

vested in perfusates of the injured tissues,
being obtained from paws 2j-4 h after
injection of carrageenin, but not 1-1 h
after injection.

The effects of the factor have been
demonstrated by decrease of the inflam-
matory response in normal rats given
intravenous perfusate before the injection
of carrageenin into the paw. However,
the inhibition of oedema by the perfusate
is abolished by prior adrenalectomy of the
receptor animals. The perfusate also
elevates the serum level of corticosterone,
with concomitant depression of the
adrenal's content of ascorbic acid. Cate-
cholamines from the adrenal do not seem
to play a substantial role in the pheno-
menon because the perfusate still induces
its effects in adrenal demedullated rats
(Garcia Leme and Schapoval, 1975).
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Although histamine and serotonin
probably do not play a major role in
evoking exudation in acute inflammatory
lesions (Wilhelm and Mason, 1960), these
amines nevertheless induce a consistent
and relatively strong permeability re-
sponse in the skin of the rat. We have
therefore sought further evidence for the
role of corticosteroids as regulators of
increased vascular permeability by testing
the effects of adrenalectomy and of ad-
ministration of corticosterone on the
permeability responses induced by intra-
cutaneous histamine and serotonin in the
rat.

MATERIALS AND METHODS
Assessment of vascular permeability responses

with Evans blue. The fur on the dorsal trunk of
male Wvistar rats (225-275 g body weight) was
closely clipped and, immediately before testing,
the animals were given intravenous Evans blue,
25 mg/kg as a 2-5% solution in 0-45%o NaCl.
Permeability factors (PFs) were made up in
Ringer-Locke's solution and injected intra-
cutaneouisly in a standard injection volume of
0-1 ml. Each animal received 8 intracutaneous
injections in the skin of the dorsal trunk within
the test area indicated by Wilhelm et al. (1958).
The 8 intracutaneous injections comprised 3
different doses of each of 2 PFs, plus 2 control
injections of 0 1 ml Ringer-Locke's solution.
The sites of injection of each dose were varied
from animal to animal, the rats being kept under
light anaesthesia with ether during injection of
PFs. Thirty min after the injections, the
animals were killed, the whole thickness of the
skin reflected from the dorsal trunk and the
diameter of the lesions measured on the under
surface to the nearest 0 5 mm. The content of
exuded dye in the lesions was then estimated by
excising the skin sites bearing individual lesions,
mincing the skin with scissors and holding the
minced skin from each lesion in 5 ml formamide
at 37° for 2 days (Mustard et al., 1965; Lykke
and Cummings, 1969). The resultant solution
was filtered and the optical density of the
filtrate assessed at 619 nm on a Vitatron
(Holland) UC 100 colorimeter. The concen-

tration of dye in the filtrate was estimated from
a standard graph recording the optical density
of serial dilutions of a weighed sample of Evans
blue in formamide.

Permeability effects were estimated in (1)
normal, (2) adrenalectomized, (3) mock adrena-
lectomized, (4) corticosterone injected and (5)
adrenalectomized rats given corticosterone.
Dosage-response lines were obtained by plotting
mean lesion diameter or mean amount of
extracted dye against log dose PF.

Bilateral adrenalectomy.-Under ether anaes-
thesia, the adrenal glands were removed sur-
gically by a ventral abdominal approach. The
adrenalectomized rats were subsequently main-
tained on 0-9%o aqueous solution of NaCl and
tested 72-80 h post-operatively. During this
post-operative period, functioning accessory
adrenocortical tissue does not develop. Con-
trols for the adrenalectomized animals were
represented by mock adrenalectomized rats, in
which laparotomy, handling of abdominal viscera
and closure of the incision of the abdominal wall
were performed to a similar extent as for actual
adrenalectomy. These animals were also tested
72-80 h post-operatively.

Corticosterone treatmrent. Corticosterone was
suspended in Ringer-Locke's solution and ad-
ministered subcutaneously in a dose of 1 mg/rat.
Body weight of the rats ranged between 240 and
260 g and corticosterone was given 1 h before
intracutaneous injection of PFs.

Drugs. Evans blue (Searle Scientific Ser-
vices) was supplied by George T. Gurr, England;
histamine acid phosphate by British Drug
Houses; 5-hydroxytryptamine creatinine sul-
phate (serotonin) by May & Baker; corti-
costerone and formamide by E. Merck AG.
Doses of histamine and serotonin are cited as
the amounts of base.

RESULTS

PF potency of histamine and serotonin in
control rats

Normal and mock adrenalectomized
rats served as controls for tests of the
effects of corticosterone and adrenalec-
tomy, respectively (see below). It was
necessary, therefore, to assess the re-
activity of both types of control animals

TABLE. Relative PF Potency (ebd or SBD) of Hist-amine and Serotonin
in Normal and Mock Adrenalectomized Rats

Treatment
Normal
Mock adrenalectomized

Histamine

ebd (,ug) SBD (jig)
3-5 0 4
2-4 0 5

Serotonin

ebd (jig) SBD (jig)
0-09 0-025
0-06 0 011

Serot./Hist.

ebd SBD
38 16
40 45
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to the test PFs. The results were com- lesion having a diameter of 9-5 mm and
pared in terms (1) an effective blueing (2) a standard blueing dose (SBD)-i.e.,
dose (ebd)-i.e., the dose in the standard the dose that induces the exudation in the
injection volume of 0-1 ml that on the mature lesion of 10 jug Evans blue (Carr
under-surface of the skin induces a mature and Wilhelm, 1964).
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FIG. 1. Effects of adrenalectomy and
corticosterone on the permeability response
to histamine and serotonin, estimated by
lesion diameter on the under surface of
the skin.
Upper blocks: Enhancement ofpermeability
response in adrenalectomized rats (A) com-

pared with mock adrenalectomized controls
(M), and reversal of enhancement in
adrenalectomized animals by subsequent
administration of corticosterone (1 mg/rat;
C).
Lower blocks: Decrease of permeability
response in rats given corticosterone (1
mg/rat; C), compared with the response
in untreated controls (N). Each point
corresponds to the mean ± s.e. mean for
one lesion in each of 5 rats for the test
groups, of one lesion in each of 10 rats
for the mock adrenalectomized groups,
and of one lesion in each of 6 rats for the
untreated groups. Control injections of
0-1 ml of Ringer-Locke's solution induced
a mean lesion diameter (mm) ± s.e. mean
of 2-1 ± 0-2 (10 lesions) in adrenalectom-
ized rats, 1-5 ± 0-2 (20 lesions) in mock
adrenalectomized rats, 1-1i± 0-5 (10 lesions)
in corticosterone injected rats, 1-2 ± 0-2
(10 lesions) in adrenalectomized rats in-
jected with corticosterone, and 1-7 + 0-4
(12 lesions) in untreated rats.
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FIG. 2.-Effects of adreinalectomy and
corticcsterone on the permeability response
to histamine and s3rotonin, estimated by
extraction of exuded dye.
Upper block.s: Enhancement of permea-
bility response in adrenalectomi.-zed rats
(A) compared with the responses in mock
adrenalectomized controls (M), and re-
versal of enhancement in adrenalectomized
animals by subsequent administration of
corticosterone (1 mg/rat; C).
Lower blocks: Decrease of permeability
response in rats given corticosterone (1
mg/rat; C), compared with the response
in untreated controls (N). The above
results refer to the same lesion as in
Fig. 1 and each point similarly corresponds
to the mean ± s.e. mean for one lesion
in each of 5 rats for the test groups, of
one lesion in each of 10 animals for the
mock adrenalectomized rats, and of one
lesion in each of 6 animals for the un-
treated rats. Control injections of 0-1 ml
of Ringer-Locke's solution induced a
mean leakage ofEvans blue (pg/lesion) ±s.e.
mean of 5-9 ± 1-2 (10 lesions) in adrenal-
ectomized rats, 4-8 ± 0-5 (20 lesions) in
mock adrenalectomized rats, 5-5 ± 0-6 (10
lesions) in corticosterone injected rats,
4-0 ± 0-3 (10 lesions) in adrenalectomized
rats injected with corticosterone, and
5.3 ± 0-4 (12 lesions) in untreated rats.
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As the Table indicates, the results for
mock adrenalectomized rats agree quite
well with those for normal animals when
assessed by lesion-diameter on the under
surface of the skin (ebd). In terms of
exuded dye (SBD), however, the PF
potency of serotonin: histamine is greater
in mock adrenalectomized than in normal
rats. Nevertheless, this latter result does
not detract from the value of mock
adrenalectomized animals as appropriate
controls because the PF responses are

enhanced, not depressed (see below).
Both the above methods have been used
for the assessment of PF potency to ensure
that changes in diameter of the lesions
are associated with corresponding varia-
tions in intensity of exudation.

Effect of bilateral adrenalectomy on per-

meability responses to histamine and sero-
tonin

Adrenalectomy considerably increases
the PF responses to both histamine and
serotonin. The increase in potency, esti-
mated from dosage-response lines record-
ing lesion diameter is approximately
7-fold for histamine and 4-fold for sero-

tonin, compared with values obtained in
mock adrenalectomized rats (Fig. 1).
Assessed by extraction of dye from the
same lesions, the corresponding enhance-
ment of PF activity is about 13-fold for
histamine and 6-fold for serotonin (Fig. 2).

Effect of corticosterone in normal rats
Administration of corticosterone (1

mg/rat) decreases the permeability re-

sponse to both histamine and serotonin,
whether the PF effect is assessed by
measurement of lesion diameter or ex-

traction of exuded dye. In the case of
lesion diameter, the decrease in PF activity
is about 8-fold for histamine and 5-fold
for serotonin (Fig. 1). Assessed by ex-
traction of dye, the decrease for the same

lesions is about 13-fold for histamine and
6-fold for serotonin (Fig. 1).

Effect of corticosterone in adrenalectomized
rats

Although the above results suggest
strongly that corticosterone antagonizes
the permeability response to histamine or
serotonin, convincing evidence of this
effect requires that the enhancement of the
PF response in adrenalectomized rats be
reversed by administration of cortico-
sterone. A group of 5 rats was therefore
adrenalectomized and subsequently given
the standard dose of corticosterone 72-
80 h after adrenalectomy. As illustrated
in Fig. 1 and 2, cortico3terone substan-
tially reverses the PF effects of both
amines. In fact, the animals given corti-
costerone become rather less reactive to
histamine and serotonin than the corre-
sponding mock adrenalectomized controls.
However, such a result is not surprising
since adrenalectomy deprives the animals
of their physiological supply of corti-
costeroids and so might be expected to
exaggerate the susceptibility of such
animals to the subsequent administration
of corticosterone.

DISCUSSION

The present results indicate that the
intensity of the permeability response to
histamine or serotonin is subject to the in-
fluence of adrenal cortical hormones.
Corticosterone depresses the permeability
effects of the above amines in normal
animals, whereas the enhanced PF re-
sponse in adrenalectomized animals is de-
creased by corticosterone to levels some-
what lower than in the control animals.

Furthermore, the intensity of the
effects of adrenalectomy and corticos-
terone on the permeability responses to
histamine and serotonin has a magnitude
similar to that of the same procedures on
the permeability response in carrageenin
lesions of the rat's paw, as reported by
Garcia Leme and Schapoval (1975). It
also seems noteworthy that the order of
effect on permeability responses has been
similar whether the response is short-lived
as for histamine and serotonin (Wilhelm
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and Mason, 1960) or prolonged as in car-
rageenin lesions (Garcia Leme and
Schapoval, 1975). The present work
therefore supports the proposal of Garcia
Leme and Schapoval (1975) that the
adrenal cortex may well be a prime regu-
lator of increased vascular permeability
and the consequent exudation in acute
inflammation.

Cortical hormones and adrenalectomy
have long been known to modify the
vascular reactions comprising the inflam-
matory response (Germuth, 1956). Corti-
sone was observed in the 1950s to induce
vasoconstriction, resulting in decrease of
blood flow and of vascular exudation
(Ashton and Cook, 1952; Spain, Molomut
and Haber, 1952; Moon and Tershakovic,
1952, 1954; Wyman et al., 1954). Adrenal
insufficiency was reported by Zweifach,
Shorr and Black (1953) to impair vascular
tone, the condition of the capillary bed in
adrenalectomized rats being restored to
normal by extracts of the adrenal cortex.
On the clinical side, the report of Hench
et al. (1949, 1950) that various clinical
and biochemical features of rheumatoid
disease are ameliorated by corticosteroids
or adrenocorticotrophic hormone, has
prompted a considerable volume of sub-
sequent work on that condition.

Even before the 1950s, Ingle (1937)
and Noble and Collip (1941) had noted
that adrenalectomized rats were unduly
susceptible to systemic histamine. In the
rat, the secretion of the adrenal cortex is
mainly, if not entirely, corticosterone
(Bush, 1951). Bilateral adrenalectomy is
followed by rapid disappearance of corti-
coids from the blood, the normal level
being decreased by 95% in 4 h (Fortier,
1959). The present results concerning the
respective effects of adrenalectomy and
corticosterone on intracutaneous hista-
mine in the rat therefore seem to explain
the earlier findings of Ingle (1937) and of
Noble and Collip (1941).

One of us (J.G.L.) wishes to acknow-
ledge the generosity of the Fundavao de
Amparo a Pesquisa do Estado de Sao

Paulo (FAPESP), Brazil, for a travel grant
to visit the School ofPathology, University
of New South Wales.
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