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TI effect of adrenalectomy on neutrophtl and monocyte
migration into rat peritoneal and pleural cavities was
investigated. Carrageenin- or thioglycollate-induced
neutrophtl emigration into both cavities was enhanced
by adrenalectomy. In contrast, monocyte migration into
peritoneal cavities induced by these two stimuli was sig-
nificantl decreased. In pleural cavities, adrenalectomy
enhanced the monocyte migration induced by
carrageenin but had no effect on that induced by
thtoglycollate. Administration of physiological doses of
glucocorticoids reversed the effect of adrenalectomy on
monocyte migration by both stimuli into both cavities.
The results support the hypothesis that endogenous
glucocorticotds negatively control neutrophil migration
independently of the site or type of stimulus. Their role
in monocyte migration is, however, dependent on the
site of injury and on the type of inflammatory stimulus.
There is no obvious explanation for the divergent influ-
ence of endogenous glucocorticoids on the monocyte
emigration into peritoneal and pleura1 cavities observed
with different stimuli.
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Introduction

It is generally assumed that migration of
phagocytes (neutrophils or monocytes) into the vari-
ous body cavities or tissues is governed by factors
released by inflammatory stimuli. This assumption is
supported by a great number of studies on
neutrophil migration, 1-3 including those which show
that during the initial stages of the inflammatory
process an increase in glucocorticoid (GCC) secre-
tion by the adrenal glands inhibits neutrophil migra-
tion, independently of the site of inflammation.4,5 In
acute inflammation, GCC secretion is induced by the
hypothalamo-pituitary-adrenal (HPA) axis through
the influence of factors released in the inflamed
area.6 Among these factors, cytokines such as
interleukin-1 (IL-1),7,8 IL-69 or tumour necrosis factor
(TNF)1 have been shown to be involved. IL-1, in
addition to its effect on the HPA axis, also has an
effect on the adrenal gland, to directly stimulate GCC
secretion,n The enhancement of neutrophil migra-
tion by inflammatory stimuli in adrenalectomized
(ADX) or in animals pretreated with GCC antago-
nists such as RU 4865 may be explained by the
diminished capacity of the body cells to release
lipocortins or by facilitation of the release of
chemotactic cytokines. The lipocortins,m3 which
belong to the superfamily of calcium binding pro-
teins termed annexins,4 have anti-phospholipase A2
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activity, aSa6 GCC induce the release of these proteins
and therefore reduce the biosynthesis of
leukotrienes thought to be involved in the control of
neutrophil migration. In this context, it is interesting
to note that in ADX animals there is a reduction in
the amounts of both lipocortin-1 and lipocortin-1
mRNA in the body fluids, and that the physiological
replacement of corticosterone restores the normal
levels of both these components.7,8 Moreover, in
ADX animals, Perreti et al. demonstrated that
macrophages release more IL-1 and prostaglandin Ez
than do macrophages from sham-operated (SHO)
ones.19 Conversely, GCC inhibited the in vivo

neutrophil recruiting activity on pro-inflammatory
cytokines such as interleukin IL-1,2,2 IL-6,z2 IL-823 and
TNF.24.25
To date, the studies investigating the role of en-

dogenous GCC on leukocyte migration into inflam-
matory sites have focused on neutrophil migra-
tion.<5,6 In this paper, we have compared the effect
of adrenalectomy on neutrophil and mononuclear
phagocyte migration into two different sites of in-
flammation (the pleural and peritoneal cavities) in-
duced by two different stimuli (carrageenin or
thioglycollate). The results confirm the observations
of other authors that adrenalectomy potentiates
neutrophil migration into peritoneal or pleural cavi-
ties. However, with regard to monocyte migration,
the response to adrenalectomy depended, heavily on
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the cavity tested. Adrenalectomy reduced the migra-
tion into peritoneal cavities induced by both
carrageenin (Cg) and thioglycollate (Tg), but had no
effect or enhanced the monocyte migration into
pleural cavities induced by Tg and Cg, respectively.

Materials and Methods

Drugs and chemicals: Carrageenin and thioglycollate
were purchased from Marine Colloids Inc. and Merck
Laboratories, respectively. The steroid hormones
oestra-l,3,5(lO)-trien-3,17 diol (-oestradiol) and
corticosterone were obtained from Sigma Chemical
Company, St Louis, MO. Dexamethasone 21-acetate
(Decadronal) was from Merck Sharp & Dohme. All
other reagents were purchased from Sigma Chemical
Company (USA).

Animals: Adult male Wistar rats weighing 150-180 g
obtained from the Central Animal House of the
Faculty of Medicine (Ribeirgto Preto) were used in all
experiments. The animals received water and food
ad libitum.

Bilateral adrenalectomy: The animals were surgically
prepared 7 days before the experiments. Following
light ether anaesthesia, the rats of one group had
both of their adrenal glands completely removed
(ADX animals), while those of a second group under-
went the same process to induce surgical stress, but
were left with their glands intact (SHO animals). The
ADX rats, received an additional supply of saline
solution (NaCl, 0.9% w/v) to drink. At the end of the
experiments, the ADX animals in which there was
macroscopic evidence of remnant adrenal tissue
were rejected. The inflammatory stimuli were in-
jected on the seventh day after surgery.

Experimental models of inflammation: The
neutrophil and mononuclear cell migration into
peritoneal and pleural cavities were investigated in
SIlO and ADX animals. In some experiments, the
ADX animals were treatedwith steroid hormones.

(a) Peritoneal cavity. Cg resuspended in 3 ml of
phosphate buffered saline (PBS) or 5ml of
thioglycollate (Tg, 3% w/v), was injected
intraperitoneally. The migration of neutrophils was
analysed 4 h after the injection of Cg (300 t.tg/rat).
While the migration of mononuclear cells was
analysed 48, 72 or 96 h after the injection of Cg
(500 btg/rat) or Tg (150 mg/rat).

(b) Pleural cavity. In pleural cavities, neutrophil
migration was also analysed 4 h after the intrapleural
injection of Cg (300 btg/ml/rat) and mononuclear cell
migration was analysed 48, 72 or 96 h after Cg
(500 t.tg/ml/rat) or Tg (40 mg/ml/rat) injection.

(c) Collection ofexudates. At selected intervals, the
cells which had migrated were harvested from the
peritoneal and pleural cavities. For this, the animals

were anaesthetized with ether and exsanguinated.
Both na’ive and stimulated peritoneal and pleural
cavities were washed with 10 ml and 5 ml of hepa-
rinized PBS (5 U/ml), respectively. In some experi-
ments, the peritoneal cavities were washed with
10 ml of trypsin diluted in PBS (TRY, 1.25% v/v).
Total and differential cell counts of the collected
washings were estimated as previously described
by Souza and Ferreira.27 The characterization
of macrophages (esterase positive cells) performed
using a nonspecific esterase staining technique
described by Yam et al. 28 The results were expressed
as the number of mononuclear or esterase positive
cells per cavity.

Leukogram count: Total leukocyte, neutrophil
and mononuclear cell counts were performed
on blood samples obtained from the tail vein of
ADX or SHO rats which had or had not been treated
with Tg (150 mg/5 ml/rat, i.p.) 48 h before. The re-
suits were recorded as the number of cells per ml
of blood.

Administration of steroid hormones: Subcutaneous
doses of 2, 20, 200, 2000 and 6000btg/kg of
oestradiol (ST) and corticosterone (CT) dissolved in
peanut oil, and dexamethasone (DX) dissolved in
sterile saline, were injected daily from the sixth day
after surgery until the day mononuclear cell migra-
tion was measured. The control animals were in-
jected with vehicle solution.

Statistical analysis: The results are expressed as
the mean standard error of the mean (S.E.M.)
and statistical comparisons between the SHO and
ADX groups were done using Student’s t-test, p
values < 0.05 were considered to be statistically
significant.

Results

Neutrophil migration into peritoneal cavities meas-
ured 4 h after Cg injection was significantly enhanced
by adrenalectomy (Fig. 1A). In contrast, mononuclear
phagocyte migration evaluated 48, 72 and 96 h after
Cg injection was significantly reduced in ADX rats
compared with SHO animals (Fig. 1B). A simi.lar
pattern of mononuclear phagocyte migration was
observed when Tg instead of Cg was injected into the
abdominal cavities (Fig. 2).

In the pleural cavities, both neutrophil and
mononuclear phagocyte migration induced by Cg
were enhanced in ADX animals (Fig. 3A and B).
However, the mononuclear phagocyte migration into
these cavities induced by Tg was not affected by
adrenalectomy (Fig. 4). The number of resident
mononuclear phagocytes present in the non-stimu-
lated peritoneal or pleural cavities was not modified
by adrenalectomy (cross-hatched bars in all figures).
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FIG. 1. Adrenalectomy potentiates carrageenin induced neutrophil migra-
tion but inhibits mononuclear cell migration into peritoneal cavities. The bars
show the number of neutrophils (panel A) and the number of mononuclear
cells (panel B) in nai"ve cavities (cross-hatched bars) and in cavities pre-
stimulated (open bars) with Cg (300 lg/cavity, panel A) or (500 ig/cavity,
panel B), in sham-operated (SHO) or adrenalectomized (ADX) rats. The
values are the means + S.E.M. of the number of animals indicated above
each bar. Asterisks indicate significant differences between the SHO and
ADX groups (p < 0.05).
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FIG. 2. Adrenalectomy inhibits thioglycollate induced mononuclear cell
migration into rat peritoneal cavities. The bars show the number of
mononuclear cells collected from naive cavities (cross-hatched bars) or
from cavities pre-stimulated with Tg (150 mg/cavity) 48, 72 and 96 h before
(open bars)in sham-operated (SHO) or adrenalectomized (ADX) rats. The
values are the means + S.E.M. of the number of animals indicated above
each bar. Asterisks indicate significant differences between the SHO and
ADX groups (p < 0.05).
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FIG. 4. Adrenalectomy does not alter the thioglycollate induced
mononuclear cell migration into rat pleural cavities. The bars show the
number of mononuclear cells collected from naive cavities (cross-hatched
bars) and from cavities pre-stimulated with Tg (150 mg/cavity) 48, 72 and
96 h before (open bars) in sham-operated (SHO) and adrenalectomized
(ADX) rats. The values are the means _+ S.E.M. of the number of animals
indicated above each bar. There were no significant differences in the
migratory responses of mononuclear cells in the SHO and ADX groups.

Regardless of whether they were prestimulated or
not with Tg, all ADX animals had higher leukocyte,
neutrophil and mononuclear cell counts than did
SHO rats (Table 1).

Daily treatment of ADX animals with DX (2
2000 l.tg/kg) resulted in a bell-shaped curve in which
a low dose of DX (20 btg/kg) restored the Tg-induced
mononuclear phagocyte migration into peritoneal
cavities to levels similar to those observed in SHO
animals, while a pharmacological dose (2 000 btg/kg)
significantly enhanced thereduction in mononuclear
phagocyte migration. Daily treatment with CT also
dose dependently reverted the mononuclear cell
migration into the peritoneal cavities ofADX animals.
At none of the doses studied did ST have any effect
on the mononuclear phagocyte migration in ADX
rats (Fig. 5).
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FIG. 3. Adrenalectomy potentiates carrageenin induced neutrophil and
mononuclear cell migration into rat pleural cavities. The bars show the
number of neutrophils (panel A) and the number of mononuclear cells
(panel B) in naTve cavities (cross-hatched bars) and in cavities pre-stimu-
lated (open bars) with Cg (300 lg/cavity, panel A) or (500 lg/cavity, panel
B), in sham-operated (SHO) or adrenalectomized (ADX) rats. The values
are the means _+ $.E.M. of the number of animals indicated above each bar.
Asterisks indicate significant differences between the SIlO and ADX
groups (p < 0.05).

Discussion

The results presented above agree with previous
experiments showing that adrenalectomy or
pretreatment with RU 486 enhances the neutrophil
migration induced by inflammatory stimuli such as

Cg into pleural cavities and subcutaneous air

pouches.4,5 In addition, a greater inflammatory exu-
dation in ADX animals (data not shown) was ob-
served. These responses are in line with the sugges-
tion that during the acute inflammatory responses the
release of GCC by the adrenal cortex partially down-
regulates neutrophil migration and exudation via a
reduced release of chemotactic cytokines19 or
arachidonic acid metabolites.4,5

Paradoxically, adrenalectomy reduced monocyte
migration into peritoneal cavities by both stimuli
utilized but did not affect or enhance migration into
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Table 1. Leukogram of sham-operated (SHO) and adrenalectomized (ADX) rats in
the presence or absence of thioglycollate (Tg) pre-stimulation

Cell type Cell counts

Non-stimulated Tg stimulated

SHO ADX SHO ADX

Total leukocytes 9.7 + 0.7 22.1 + 2.3* 7.5 + 0.9 19.1 + 0.5*
Neutrophils 3.8 + 1.0 7.0 + 1.1" 1.9 :!: 0.3 6.6 + 1.0"
Mononuclear cells 5.7 + 2.2 14.1 + 2.2* 5.0 + 0.5 12.5 + 0.5*

Thioglycollate (150 mg/rat) was injected intraperitoneally 48 h before.
Expressed as the number of cells x 10-- m1-1. The values are means :1: S.E.M. of

six observations.
Significant difference between SHO and ADX groups (p < 0.05, Student’s t-test).
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FIG. 5. Dexamethasone (DX) and corticosterone (CT), but not oestradiol
(ST), revert the inhibitory effect of adrenalectomy on thioglycollate induced
monocyte migration into rat peritoneal cavities. The figure shows the
number of esterase positive cells in cavities stimulated with Tg 48 h before
in sham-operated (O) and adrenalectomized (11) rats, which received daily
subcutaneous doses of DX (El), CT (A) or ST (h). The values are the
means + S.E.M. of the number of animals indicated above each bar. There
were significant differences between SHO and ADX groups (p < 0.05,
Student’s t-test), except in the groups of ADX rats which received daily
doses of DX (20 lg/kg) and ST (2 000 and 6 000 lg/kg).

the pleural cavities. The reduction of monocyte mi-
gration into the peritoneal cavities of ADX animals
resulted from the absence of circulating GCC since it
was reverted by daily treatment of the ADX animals
with low doses of dexamethasone or corticosterone,
but not by oestradiol. The reduction of mononuclear
phagocyte migration into the peritoneal cavity of
ADX animals was not caused by monocytopenia
since adrenalectomy produced intense leukocytosis
with monocytosis in animals which had or had not
been stimulated with Tg. The reduction in the
number of migrating monocytes in ADX animals
could be due to an increased adherence of these cells
to the abdominal wall. However, this possibility can
be discarded since the addition of trypsin to the
washing fluid did not increase the number of migrat-
ing monocytes in ADX animals (data not shown).
Pharmacological (200 and 2 000gtg/kg) doses of
dexamethasone which are able to inhibit neutrophil
migration29,3 inhibited monocyte migration into the
peritoneal cavities of SHO rats (data not shown) and
enhanced the reduction in monocyte migration al-
ready observed in ADX animals (Fig. 5).
The differential effect of the stimuli in both cavities

excludes a possible action of GCC on the monocytes.
A simple explanation for the effect of adrenalectomy
on monocyte migration into peritoneal cavities is that
GCC, by a permissive effect, at physiological concen-
trations facilitates the release of chemotactic factors
for monocytes by resident peritoneal cells. Should
this be the case, this permissive effect would be
under the influence of the microenvironment, since
adrenalectomy had either no effect or enhanced the
migration into pleural cavities induced by inflamma-
tory stimuli. We have no explanation for the selective
action of Tg or Cg on monocyte migration into the
pleural cavities ofADX animals. This enhancement of
monocyte migration could be abolished by daily
treatment of the ADX animals with small doses of
dexamethasone. Similarly, the treatment of SHO or
ADX animals with pharmacological doses of
dexamethasone also diminished the migration in-
duced by Cg. These results indicate that pharmaco-
logical concentrations of GCC inhibit the release of
a chemotactic factor for monocytes by pleural or
peritoneal cells.

In conclusion, the results confirmed that endo-
genous GCC play an important role in modulating
the acute events of the inflammation, by exerting a
negative control on neutrophil migration and exuda-
tion which is independent of the site of injury. On
the other hand, the effect of endogenously released
corticoids on monocyte migration is dependent on
the site of injury and on the type of inflammatory
stimuli. Furthermore, the results clearly indicate
that observations regarding monocyte migration in
one tissue or cavity cannot be generalized to other
tissues.
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