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Antigen-induced Pleural Eosinophilia is Suppressed in
Diabetic Rats: Role of Corticosteroid Hormones

Bruno L Diaz, Magda F Serra, Emiliano O Barreto, Renato SB Cordeiro,
Marco A Martins, Patricia MR e Silva*
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4365, 21045-900 Rio de Janeiro, RJ, Brasil

Previous studies have evidenced for the existence of interactive regulatory mechanisms betweer
insulin and steroid hormones in different systems. In this study, we have investigated whether endog-
enous corticosteroids could be implicated in the hyporeactivity to antigen challenge observed in sensi-
tized diabetic rats. Alloxinated rats showed a long-lasting increase in the blood glucose levels and a
reduction in the number of pleural mast cells at 48 and 72 hr, but not at 24 hr after alloxan administra-
tion. In parallel, they also showed a significant elevation in the plasma levels of corticosterone together
with an increase in the adrenal/body weight ratio. Antigen-evoked eosinophil accumulation appeared
significantly reduced in rats pretreated with dexamethasone as well as in those rendered diabetic 72 hr
after alloxan. Inthe same way, naive animals treated with dexamethasone also responded with a signifi-
cant decrease in the number of pleural mast cells. Interestingly, when sensitized diabetic rats were
pretreated with the steroid antagonist RU 38486 a reversion of the reduction in the allergen-induced
eosinophil accumulation was noted. We conclude that the down-regulation of the allergic inflammatory
response in diabetic rats is close-related to reduction in mast cell numbers and over expression of
endogenous corticosteroids.
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Diabeteds a metabolic disorder in which 1973). Glucocorticoids have long been known as
there is an impairment of glucose utilization causegowerful anti-inflammatory compounds which
by a derangement in insulin function. Thus, hyhave an important modulatory effect on different
perglycemia concomitant with other metaboliccell types including mast cells and eosinophils (re-
disfunctions as peripheral insulin resistance ardewed in Schleimer 1990). In a variety of spe-
characteristic features of this disease (WHO Studyies, treatment with glucocorticoid effectively pre-
Group 1985). Studies in experimental animals andented infiltration of eosinophils into local tissue
investigations in diabetic individuals demonstratedites after antigen stimulation (Sanjar et al. 1990,
their fail in mounting a properly inflammatory re- Sullivan et al. 1994). We have recently reported
action, though the precise mechanism underlyintipat rats with alloxan diabetes show a reduction in
this phenomenon is still unknown. There are somiie pleural mast cell population and also a sup-
pieces of evidence demonstrating that diabetiggession of the antigen-induced pleural eosino-
show alterations in the microcirculatory reactivityphilia, phenomena clearly sensitive to insulin treat-
as well as functional abnormalities in leucocytanent (Diaz et al. 1996). The purpose of this study
functions (Llorach et al. 1976, Pereira et al. 1987Was to investigate the relationship between endog-
Previous studies reported that diabetics may shasnous corticosteroids and the pleural mastocytope-
hypertrophy of the adrenal cortex concomitant witmia as well as the hyporeactivity to antigen chal-
an increase in the adrenal steroid production (Kradsnge in alloxan diabetic rats.

MATERIALS AND METHODS

Male Wistar rats from the Oswaldo Cruz Foun-
This study was supported by grants from Conselhdation breeding were used and diabetes was in-
Nacional de Desenvolvimento Cientifico e Tecnologica@uced by a single injection of alloxan monohydrate
(CNPq) and Fundagé&o de Amparo a Pesquisa do Esta@igma St. Louis, USA) (40 mg/kg, i.v.;) into 12
do Rio de Janeiro (FAPERJ), Brazil. hr fasted rats. Control animals were injected with

;gfr:aers@p‘;giig%ggm%ggi’; gr55'21'590-9490' E.mailjehicle and submitted to similar experimental con-
Received 3 September 1997 ditions. In another set of experiments, alloxan was
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in sensitized rats. Glucose concentration was dé&om the pleural cavity was noted at 48 and 72 hr,
termined spectrophotometrically in whole bloodout not at 24 hr after alloxan, lasting for at least 60
and only rats with glucose levels above 200 mg/dlays (Fig. 1A). Alloxinated rats also showed an
were considered in further experiments. Activelevation in the plasma corticosterone levels (Fig.
sensitization was performed subcutaneously withB) as well as in the ratio of combined adrenal
ovalbumin (OVA; Fluka Chemie AG, Switzerland) glands/body weight at 72 hr after diabetes induc-
(50 pg) and AI(OH) (5 mg) and 14 days later, thetion. Ratio values were 0.043 + 0.004 (mean *
animals were challenged with an intrapleural (i.pl. 5EM) (n=6) in controls and 0.104+ 0.008 in dia-
injection of OVA (12 pg/cavity). Pleurisy was betic animals (n=7) (p<0.001). Experiments were
evaluated as previously described (Silva et aturther performed to evaluate whether the reduc-
1992). Total and differential leucocyte counts wergon in thepleural mast cell population noted in
performed in an automatic cell counter and imjiabetic rats might influence the antigen-induced
cytospin preparations stained with May-Grunwaldeosinophilia. As illustrated in Fig. 2, sensitized rats
Giemsa dye, respectively. Mast cells were staingéndered diabetic 48 and 72 hr but not 24 hr before,
with toluidine and counted in a Neubauer Charnshowed adss pronounced eosinoph" accumula-
ber. Plasma corticosterone levels were determing@n when compared to sensitized non-diabetics. In
using a radioimmunoassay (ICN Pharmaceuticalsjqdition, we verified that treatment of sensitized
and both adrenal glands were dried for 24 hr gfts with dexamethasone (0.5 mg/kg, i.p.) 1 hr be-
40°C and weighed. Dexamethasone (Prodromegre the ovalbumin, markedly inhibited the eosi-
Brazil) was administered either 1 hr before a”t'ﬁophilia noted 24 hr-post challenge. The number
gen (0.5 mg/kg) or once a day during three dayst epsinophils decreased from 16.74 + 2.47% 10
0.1 mg/kg) in the case of naive rats. The St?ro'gells/cavity (mean + SEM) (n=8) in controls to
antagonist RU38486 (113-(4-dimethyl amino o7 1 .35 x 10 cells/cavity in treated animals
phenyl)178-hydroxy, Ix(prop-1-ynyl) estra 4,9- - (,-g) (n<0.001). When dexamethasone (0.1 mg/

dien-3-one; a kind gift from Roussel-Uclaf, oy \yas administered into naive rats once a day,
Romainville, France) was administered orally (2 uring three days, a significant reduction in the

mg/kg) 2 hr before the alloxan injection and twicg, ey of pleural mast cells was noted, values
a day during two days following diabetes inducye yoaqing from 583.8 + 27.9 x3L6ells/cavity
tion. The data were statistically analyzed ,b%mean + SEM) (n=8) in controls to 311.3 + 24.8 X
ANOVA followed by the Newman-Keuls-Student's t103 cells/cavity (n=8) (p<0.001) in treated rats. The
tc‘taens;t and values of 0.05 or less considered signi involvement of endogenous corticosterone in the
' hyporeactivity to allergen challenge in diabetics
RESULTS was further investigated by treating the animals
We observed that intravenous administration oyith the steroid antagonist compound RU38486.
a”oxan (40 mg/kg) into rats |ed to a progressiv§ens|t|zed dlabetIC ratS .tl’eated W|thRU38486 (20
increase in the blood glucose concentration, maxit9/kg) showed a significant reversion of the de-
mal at three days (Fig. 1A). In parallel, a selectiverease in the allergen-induced eosinophil accumu-

reduction in the number of mast cells recoverelition (Fig. 3).
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Fig. 1 - (A): kinetics of alteration in the blood glucose levels and in the number of pleural mast cells following allotian {@ie
mg/kg, i.v.) into naive rats. (B) Plasma corticosterone levels in 72 hr-diabetic rats. Bars represent means + SEM freevenleast
animals. * p< 0.05 as compared to untreated rats (controls).
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15 by antigen in the rat pleural cavity was clearly sup-
pressed in the 48- and 72-hr but not 24 hr-diabetic
animals. Our data are in accordance with a previ-
ous study which demonstrated the reduction in the
number of eosinophils in the bronchoalveolar lav-
age recovered from sensitized diabetic rats (Vianna
& Garcia-Leme 1995). It is noteworthy that the
chemotactic response of diabetic eosinophils to
PAF or LTB, in vitro did not differ from that of
normal eosinophils (data not shown), indicating the
0 ﬁ ﬁ absence of an intrinsic abnormality in the locomo-
Alloxan: -+ -+ -+ -+ tory function of these cells. Interestingly, in paral-
o4 br 48 br 22 br lel to the above mentioned diabetes alterations,
alloxinated rats also showed a selective reduction
Fig. 2: influence of diabetes on antigen-induced pleural eosin the number of pleural mast cells, first noted
”Oﬁjﬂgg)ﬂuwgg ;e'gstigée\?/itf;ioizﬂs(%eg fﬁs)(gzojségitgf;%ithin 48 hr and lasting for at least 60 days. Simi-
Col s A
hr before challenjge (ovalbumin, 12 pg/cavgi]ty)g, and eosinoph?f‘rly’ Casaco et al. (1990) demonstra’ged that al-
infiltration evaluated 24 hr after challenge. Non-sensitized antoXan-treated rats showed a reduction in the num-
mals (opened columns) injected with OVA were used as coder of mast cells in peritoneal cavity and a clear
trols. Data are expressed as means + SEM from at least sevessistance to the lethal effect of the compound 48/
animals. * p< 0.05 as compared to untreated rats; + p<0.05 8§) \We have also verified a close relationship be-
compared to non-sensitized ras. tween the time course of the reduction in the num-
ber of mast cells and the subsequent refractoriness
15 to antigen-induced eosinophil accumulation, which
was noted in rats rendered diabetics 48 and 72 hr
but not 24 hr before. These data are consistent with
* the interpretation that alterations in the mast cell
population may contribute to the hyporeactivity
* associated with diabetic state.
= Though the relationship between glucocorti-
coids and diabetes has not been completely eluci-
dated, it has been proposed that in the diabetes the
regulation of factors controlling adrenal steroid
0 l__l;l [&‘ secretion and metabolism may be altered (Wexler
Alloxan: - + ; y + + & Lutmer 1975, Meehan et al. 1986). We have
RU 38486: - - - + - + found that 72 hr-alloxinated rats showed higher

Fig. 3: oral treatment with the steroid receptor antagonist Rlﬁvels of plasma corticosterone and an increase in

38486 (20 mg/ kg) reversed the reduction of allergen-induce € erenal gland/bOdy Welght ratio, Conf'rm'ng
eosinophil recruitment noted in alloxan-treated rats. Sensitizddrevious reports (Lentle & Thomas 1964, Wexler
animals (cross-hatched columns) were injected with alloxan (4& Lutmer 1975, Cameron et al. 1987, Fitzpatrick
;“gt(kg) 72 Ih' lt)eéozfi r?VAﬁ (12 ri‘lglflCaVity),v\la”O' eosﬂ?opg” infil- et al. 1992). These alterations in diabetes may prob-
ration evaluate r after challenge. Non-sensitized anim : :
(opened columns) injected with OVA were used as contro%ly be dEpe.ndent on change;s in the steroid fe.Ed-
Data are expressed as means + SEM from at least seven apCk controlling mechanisms in the hypothalamic-
mals. * p< 0.05 as compared to sensitized untreated ratjtuitary-adrenocortical system. Glucocorticoids
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+p<0.05 as compared to non-sensitized rats. have been demonstrated to induce significant re-
duction in the number as well as in the secretory
DISCUSSION response of mast cells (Sim et al. 1992). Thus, we

. . - N have further evaluated the effect of exogenous ste-
Diabetics hardly exhibit typical inflammatory (qigs on the eosinophil accumulation noted after

reaction, a phenomenon associated with the develhtigen. Pretreatment with dexamethasone sup-
opment of the diabetic state, but independent @fressed the allergic pleural eosinophilia and was
alterations in the peripheral blood leucocytes angisg effective in diminishing the pleural mast cell
cellular glucopenia. In this study, we demonstrategonlation in naive rats. Exposure of eosinophils
that rats rendered diabetic after alloxan adminigy examethasone did not affect their chemotactic
tration showed a significant increase in the blooF’esponse to PAF and LTBn vitro (not shown)
glucose levels already detected 24 hr after alloxagyggesting that the glucocorticoids may be acting
and also that the eosinophil accumulation triggeregh an intermediate step of eosinophil recruitment,
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probably blocking the synthesis and/ or secretion zation stresd.ife Science 501063-1069.

of chemoattractants. Alternatively, glucocorticoidg>arcia-Leme J, Farsky SP 1993. Hormonal control of
may be acting in the post-capillary venules to im- inflammatory responsellediators of inflammation
pair cell extravazation. Besides testing the effect 2 181-198. ,

of dexamethasone, we have also evaluated the %r_aus SD 1973. Adrenal and plasma corticosterone and

volvement of endogenous corticosteroids in pituitary and pIa_smaACTH in alloxan diabetic rats.
Proc Soc Exp Biol Med 14260-464.

hyporeactivity to allergen challenge associated Witheyie B, Thomas JP 1964. Adrenal function and the
diabetic state. The oral treatment of sensitized dia- complications of diabetes mellitu§he Lancet 2
betic rats with the steroid receptor antagonist 544-549.

RU38486 (or mifepristone) reversed the reducediorach MA, Bohm GM, Garcia-Leme J 1976. De-
eosinophil accumulation, indicating arole for glu-  creased vascular reactions to permeability factors in
cocorticoids in this phenomenon. We have reported experimental diabeteBr J Exp Pathol 57747-754.
that insulin treatment was able to reverse the supfleehan WP, Leedom LJ, Henry JP 1988. Diabetes mel-
pression of allergic eosinophilia in diabetic rats litus, adrenal function and the defeat respoAsta
(Diaz et al. 1996). Thus, considering that gluco- PNysiol Scand Suppl 57117-28.

corticoids and insulin have opposing biologica ereira MAA, Sannomiya P, Garcia-Leme J 1987. Inhi-
Pp 9 9 bition of leukocyte chemotaxis by factor in alloxan-

effects in several systems (Garcia-Leme & Farsky  j,qyced diabetic rat plasniiabetes 361307-1314.

1993), itis Va|.id to speculate that the balance b%‘anjar S, Aoki S, Kristersson A, Smith D, Morley J 1990.
tween systemic levels of these hormones may be Antigen challenge induces pulmonary airway eosi-

important to determine the intensity of allergic  nophil accumulation and airway hyperreactivity in

eosinophilic response. sensitized guinea-pigs: the effect of anti-asthma
In conclusion, we demonstrate that the reduc- drugs.Br J Pharmacol 99679-686.

tion in the antigen-induced eosinophil accumulaSchleimer RP 1990. Effects of glucocorticosteroids on

tion noted in alloxan diabetic rats shows a close- [nflammatory cells relevant to their therapeutic ap-

relationship with the decrease in the mast cell popu- Plications in asthmam Rev Respir Dis 14559-

lation and the augmentation in the levels of er’éilvggﬁMR Martins MA. Lima MCR. Alves AC. Diaz
dogenous corticosteroids. BL, Cordeiro RSB 1992. Pharmacological modula-
ACKNOWLEDGMENTS tion of the late eosinophilia induced by antigen in-
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