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ABSTRACT. Neuroendocrine-immune interactions 
are vital for the individual's survival in certain 
physiopathological conditions such as sepsis and 
tissular injury. It is known that several snake ven
oms (SV) are potent neurotoxic compounds and 
that their main component is a specific phospho
lipase type 2 (PLA2). It has been recently described 
that the venom from crotalus durissus terrificus 
(SV) possesses a cytotoxic effect in different in vi
tro and in vivo animal models. In the present study 
we investigated whether SV is able to stimulate 
both TNFa and neuroendocrine functions in a sex
ual dimorphic fashion. For this purpose the mod
ulatory role of endogenous sex steroids during 
neurotoxemia was evaluated. Our results indicate 
that SV (25 IJg/animal) stimulates the hypothala
mo-pituitary-adrenal axis and TNFa secretion 
when administered (ip) to adult male mice, such 
responses were characterized by a time-related 
enhance in plasma glucose, ACTH, corticosterone 
and TNFa levels. SV-stimulated glycemia, corti
costeronemia and adrenal glucocorticoid were 
sexually dimorphic. Twenty-day gonadectomized 
mice showed a similar sexual dimorphism to that 

INTRODUCTION 

A stimulatory effect of a phospholipase (PL) Arre
lated neurotoxin on the hypothalamo-pituitary
adrenal (HPA) and immune axes function has re
cently been reported by our group (1). The main 
sites of action of this compound seem to be at the 
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found in intact animals, however, they additional
ly showed a sexual dimorphic pattern in cytokine 
release in plasma 30 min post-SV. Estradiol (E2) 
treatment, in gonadectomized mice, abolished 
some characteristics of the sexual dimorphism, 
such as hyperglycemia, hypercorticosteronemia 
and hypercytokinemia. Finally, in vitro experi
ments indicate that: a) gonadectomy increased 
spontaneous and SV-stimulated cytokine output 
by incubated peripheral mononuclear cells (PMNC), 
regardless of the sex; and b) despite E2 treatment, 
in gonadectomized, did not modify the pattern of 
basal and SV-elicited TNFa secretion induced by 
orchidectomy, fully reversed the enhance in basal 
and SV-stimulated cytokine release found after 
ovariectomy alone. Our results further indicate 
that neurotoxemia, due to SV challenge, induces 
several symptoms common to those of inflamma
tory stress; they also strongly support that both 
gender and endogenous sex steroids are respon
sible for neuroendocrine-immunological sexual di
morphism. 
(J. Endocrinol. Invest. 23: 440-448, 2000) 
@2000, Editrice Kurtis 

hypothalamic and corticotrope levels as well as on 
peripheral immune cells (1). PLA2 is a lipolytic en
zyme which hydrolyzes membrane phospholipids 
producing Iysophosphatide and arachidonic acid 
(AA). It is known that AA cascade metabolites mod
ulate HPA axis function, namely at the hypothala
mic CRH-ergic system level (2). Immune system-de
rived substances, such as cytokines, stimulate PLA2 

activity (3) and, reciprocally, prostaglandins appear 
to be involved in cytokine-stimulated ACTH secre
tion (4); thus the reciprocal communication between 
the immune, HPA and PLA2 systems seems to play 
an important role during the inflammatory response 
induced by PLArrelated neurotoxins (5-7). 



Among others, an important aspect of the HPA and 
immune axes responses to inflammatory stimuli is 
the fact that they develop in sexually dimorphic 
fashion (8, 9). A sexual dimorphic pattern of the im
mune response to different stimuli and an alteration 
of the immune response by gonadectomy have 
been reported earlier (8, 9). This characteristic sex
ual dimorphism of both HPA axis and immune func
tions seems to be dependent on both: gender and 
sex-steroid hormone basis (10-12). This evidence is 
strongly supported by the fact that specific recep
tors for sex steroid hormones are present in the 
adrenal gland (13) and in organs responSible for the 
immune response (10). 
PLA2 is an important component of several venoms 
and the venom from crotalus durissus terrificus ori
gin (snake venom, SV) belongs to this category. It is 
known that this SV induces a local inflammation (7), 
and that it is able to stimulate HPA axis function in 
rats (14) and mice (1). Thus the aim of the present 
study was to determine whether the ablation of en
dogenous sex-steroids, from gonadal origin, and 
estradiol (E2) treatment in gonadectomized animals 
play any modulatory role on the inflammatory re
sponse during neurotoxemia. 

MATERIALS AND METHODS 
Animals 
Adult (8-10 weeks) male and random cycling female 
BALB/c mice were kept in standard conditions of 
light (on between 07:00 and 19:00 h) and temper
ature (22±2 C); they were fed with laboratory chow 
and tap water ad libitum. Animals were handled 
gently daily, for a week, in order to minimize stress 
conditions. Experiments were carried out during 
the circadian trough of the HPA axis (15), between 
08:00 and 09:00 h. All procedures were done ac
cording to our institution's animal care rules. 

Experimental designs 
In vivo experiments 

Experiment 1. Several groups of male mice (n=9-11 
mice per group) were ip injected with 50 1-11 of ve
hicle alone (sterile saline solution) or containing a 
PLArrelated SV (from crotalus durissus terrificus, 
Sigma Chem. Co. V-7125, 25 I-1g per mouse) (1) 
and returned to their cages. Mice were then killed 
by decapitation at either 0.5, 1, 2 or 4 h after Veh 
(sample time zero) or SV treatment. Trunk blood 
was collected in plastic tubes containing EDTA and 
plasma samples kept frozen (-20 C) until further de
terminations of ACTH, corticosterone (B), TNFa 
and glucose (GLU; by the glucose-oxidase method 
from Wiener Argentina Laboratories) concentra-
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tions. Immediately after decapitation, brain tissues 
were quickly removed and the anterior pituitary 
(AP) gland and the adrenal glands (AG) were dis
sected as previously described (16) and transferred 
into Eppendorf tubes containing a small volume 
(500 1-11 and 100 1-11 for AP and AG, respectively) of 
acetic acid 0.1 N; tissues were then sonicated (20-
30 sec) and centrifuged at 10,000xg, at 4 C, 3-4 
min, and the supernatants kept frozen (-20 C) un
til the determination of AP ACTH and AG B con
tents. 

Experiment 2. Mice of both sexes were either bi
laterally orchidectomized (Odx), ovariectomized 
(Ovx) or sham-operated under light ether anesthe
sia. Animals were then divided by sex and surgery 
and maintained in plastic cages (9-11 mice per 
cage). On day 1 after surgery, gonadectomized 
mice were injected sc (09:00 h) with E2 benzoate 
(Sigma Chem. Co., St. Louis, MO; 2 I-1g/50 1-11 oil) 
(12) (Odx+E2 and Ovx+E2). Sham-operated animals 
(Male and Female) as well as Odx and Ovx mice 
were injected with oil alone. These injections were 
repeated on alternate days. The groups of female 
animals were followed by checking vaginal smears 
daily from the 3rd day after surgery; Ovx mice at
tained almost a constant (during the last 15 days 
before killing them) vaginal smear similar to that 
observed at the normal diestrus; on the other hand, 
OVX+E2 mice attained a constant vaginal smear sim
ilar to a normal proestrus/estrus from 48 h after the 
beginning of sex steroid replacement treatment. 
Only 20 day-orchidectomized mice displaying plas
ma testosterone levels lower than 0.25 ng/ml were 
included in appropriate groups. On day 20 after 
surgery, different groups of animals (Male, Female, 
Odx, Ovx, Odx+E2 and Ovx+E2) were injected 
(08:00-09:00 h) ip with either 50 1-11 of sterile saline 
solution alone or containing 25 I-1g of SV. Thirty min
utes after treatment mice were decapitated and 
trunk blood was collected. Plasma samples were 
frozen (-20 C) until the determination of GLU, 
ACTH, Band TNFa concentrations. 

In vitro experiments 

Incubation of peripheral mononuclear cells (PMNC). 
This method is similar to the one previously de
scribed with minor modifications (1). Heparinized 
blood was collected by right jugular vein puncture 
from mice (untreated Male, Female, Odx, Ovx, 
Odx+E2 and Ovx+E2) under light ether anesthesia. 
The PMNC were isolated by density (1.077 g/ml)
gradient in the Ficoll solution (Lymphoprep; Nyco
med Pharma AS, Oslo, Norway). Blood sample: 
Ficoll solution (1 :1) were centrifuged at 700xg, for 
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30 min, at room temperature. PMNC were washed 
twice with sterile saline solution and the final pel
let was re-suspended with an appropriate volume of 
RPMI-1640 (HEPES 25 mM, antibiotics, 10% fetal 
calf serum, pH 7.3) in order to obtain 100,000 PMNC 
per 0.1 ml of medium; this volume of PMNC sus
pension was distributed into 96-well flat bottom mi
crotiter trays and cultured for 48 h inside the hu
midified chamber of a 5% CO2 incubator with 0.1 
ml of medium alone (control) or containing (final 
concentration) SV (0.1 IJg/ml). In parallel, 0.1 ml of 
medium alone or containing different test sub
stances (at similar concentrations as described 
above) were incubated, in similar conditions, in 96-
well trays containing 0.1 ml of medium without PM
NC. At least 6-9 wells were run for each control or 
test substance in each experiment. At the end of 
culture, 0.1 ml aliquots were separated and kept 
frozen (-20 C) until assayed for TNFa concentrations 
as described below. 

Hormones and cytokine measurements 

Plasma concentrations of ACTH were determined 
by a previously described immunoradiometric as
say (17). Plasma and medium concentrations of B 
were measured by a specific radioimmunoassay 
earlier reported in detail (17). The intra-assay coef
ficients of variation were 2-3 and 4-6%, for ACTH 
and B, respectively; and, the inter-assay coefficients 
of variation were 6-8 and 8-10%, for ACTH and B, 
respectively. The assay of the cytokine consisted in 
the determination of the cytolytic effect of TNFa 
on L929 cells (from mouse fibrosarcoma) as previ
ously described (18). Briefly, TNFa used as stan
dard was purchased from Genzyme Lab. (82437). 
Cells were maintained in MEM containing 10% (v/v) 
of fetal calf serum, glutamine and antibiotics (pH 
7.4). Ninety-six-well microtiter trays were seeded at 
6x104 L929 cells per well in 100 IJI of culture medi
um and incubated 24 h in 5% CO2 atmosphere at 
37 C; on the following day, 100 IJI of TNFa stan
dard solution (range 20-12,000 pg/ml) and un
knowns (plasma, run at 1/4,1/8 and 1/16 dilutions, 
and medium samples) were added in the presence 
of actinomycin D (1 IJg/ml) (in quadruplicate). Plates 
were similarly incubated for 24 hand 50 IJI crystal vi
olet (0.05% w/v in methanol:water, 1 :5) was added 
and allowed for 30 min incubation at 37 C. Plates 
were rinsed with water and dried, then 100 IJI per 
well of 33% acetic acid was added. Plates were 
shacked twice and absorbance, at 595 nm, was 
measured in a 7530 Multiplate Reader, Cambridge 
Technology. The reader was blanked with a plate 
having more than 95% cell destruction and ab
sorbance was inversely proportional to TNFa bioac-
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tivity. The intra- and inter-assay coefficients of vari
ation ranged between 7-9 and 9-11 %, respectively. 

Analysis of data 
Results are expressed as the mean±SE. Data were 
analyzed by one-factor analysis of variance followed 
by Fisher's test for comparison of different mean 
values (19). 

RESULTS 
Phospholipase Arrelated SV-induced HPA axis 
and TNFa responses 

The results of experiment 1 are summarized in 
Figure 1. This figure shows the results of several 
metabolites in plasma samples before (sample time 
zero) and several times after ip injection of male 
mice with SV (25 IJg per animal). It must be pointed 
out that ip administration of vehicle alone did not 
significantly vary plasma and tissue metabolite con
centrations at all time-points studied; thereafter, all 
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Fig. 1 - Time-course of plasma glucose (A), ACTH (B), corticoste
rone (C) and TNF-« (0) before (sample time zero) and several times 
after ip administration of SV (25 j.lg per anima/) in intact male mice. 
Values are the mean±SE (n=9-11 mice per time per group). 
*P<O.05 vs the respective sample time-zero values. 



time values were pooled and they represent sample 
time-zero values. Figure 1 (panel A): SV adminis
tration induced a significant (p<0.05) increase, vs 
basal values, in plasma GLU levels at all time-points 
studied after treatment. Figure 1 (panel B): plasma 
ACTH levels in animals under neurotoxic shock 
were characterized by a peak value of ACTH in plas
ma at 30 min after SV; then values declined at 60 
min after treatment, although they were signifi
cantly (p<0.05) higher than time-zero values; they 
reached the baseline at 120 min after SV injection. 
Figure 1 (panel C): plasma B levels before (sample 
time-O) and several times after SV injection. As de
picted, at 30 min after SV administration, plasma B 
levels peaked, reaching maximal adrenal response 
(p<0.02 or less vs sample time-O values); then val
ues remained at the maximal level up to 120 min 
after SV administration. Figure 1 (panel D): plasma 
TNFa before and several times after SV adminis
tration. The administration of SV (ip) was able to en
hance plasma cytokine levels several fold (p<0.05) 
over the baseline value (sample time-O) as early as 
30 min after treatment; then values declined at 60 
min (still significantly higher, p<0.05, than the base
line) and they returned to basal plasma TNFa levels 
by 120 min after SV injection. 

Effects of gonadectomy and E2 treatment on 
glycemia, HPA axis function and circulating 
TNFa during neurotoxemia 

Since a maximal immune-neuroendocrine response 
was found 30 min post-SV, we explored gender
dependent characteristics of the G LU, H PA axis and 
immune system responses on this time. 

Glucose. Figure 2 (panel A) shows the results of 
plasma GLU concentrations in basal and 30 min af
ter SV administration conditions. Basal GLU con
centrations were significantly (p<0.05) enhanced, 
over the respective baseline, 30 min after SV injec
tion, regardless of the group. The results indicate 
that in intact mice such an increase was induced in 
a dimorphic fashion, with higher (p<0.05) values in 
Female than in Male animals. Those characteristics 
were maintained in gonadectomized mice of both 
sexes (Odx and Ovx) and E2 treatment, although 
did not influence SV-stimulated GLU secretion, 
abolished the characteristic sexual dimorphism 
found in intact and gonadectomized mice; in fact, 
plasma GLU values were statistically similar in 
Odx+E2 and OVX+E2 groups. 

ACTH. Figure 2 (panel B) shows the results of plas
ma ACTH concentrations in basal and 30 min after 
SV administration conditions. As depicted, resting 
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Fig . 2 - Plasma glucose (A), ACTH (B), corticosterone (C) and 
TNF-a (D) levels before (basal) and 30 min after ip administra
tion of SV (25 J.lg per animal) in several groups of mice. 
Values are the mean±SE (n=9-11 mice per group). 
*P<0.05 vs the respective basal values; #p <0.05 vs SV values in 
male mice; +P<0.05 between sexes in similar conditions; ·p<0.05 
or less vs values in Gnx mice of similar sex and in similar condition. 

plasma ACTH levels were not influenced by the sex 
nor gonadectomy alone or combined with E2 treat
ment. Although SV injection was able to enhance 
plasma ACTH levels 30 min after injection in all 
groups studied, this effect was not in a sexual dimor
phic fashion, regardless of the pairs compared (intact, 
gonadectomized and Ertreated gonadectomized 
mice). However, Odx was able to significantly (p<0.05 
vs SV-injected Male values) enhance SV-elicited 
ACTH release, and E2 treatment (Odx+E2) fully re
versed such an effect. Conversely, SV-stimulated 
ACTH secretion in plasma was similar in all groups of 
females, regardless of surgery and E2 treatment. 

Glucocorticoid. Figure 2 (panel C) shows the results 
of plasma B levels in basal and 30 min after SV ad
ministration conditions. Resting plasma B concen
trations were found in a sexual dimorphic fashion 
in all pair-groups examined, with significantly high
er (p<0.05) levels in mice of female sex than of male 
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sex. SV administration significantly (p<0.05 vs the 
respective baseline) increased B output in plasma, 
regardless of the group. Interestingly, SV-stimulat
ed B secretion in plasma was significantly (p<0.05 
vs values found in intact mice of the respective sex) 
enhanced by gonadectomy, regardless of the sex. 
The effect induced by gonadectomy was fully re
versed by estradiol benzoate treatment in go
nadectomized mice of both sexes. 

Cytokine. Figure 2 (panel D) shows the results of 
plasma TNFa levels in basal and 30 min after SV 
administration conditions. Basal plasma TNFa con
centrations were similar in all groups studied. SV
induced TNFa secretion in plasma was several fold 
higher (p<0.05) than the respective baseline. In in
tact animals, there was no sexual dimorphism in 
neurotoxin-stimulated cytokine output. Although 
Ovx alone and combined with E2 treatment 
(Ovx+E2) d id not modify SV-induced TNFa release, 
Odx was able to significantly (p<0.05) enhance SV
elicited TNFa output, thus rendering a sexual di
morphism of such response in gonadectomized 
mice. The effect of Odx on TNFa response during 
the neurotoxic shock was prevented by E2 treat
ment (Odx+E2). 

Effects of gonadectomy and E2 treatment on 
tissue hormone content during neurotoxemia 

Figure 3 (upper panel): AP ACTH concentrations 
before and 30 min after SV administration. Basal 
AP ACTH , when expressed by mg of tissue protein, 
was found of a similar fashion in mice, regardless 
of the group examined. SV injection significantly 
(p<0.05 vs the respective basal) reduced AP ACTH 
in intact, gonadectomized and Ertreated go
nadectomized mice, despite no significant differ
ences between groups. 
Figure 3 (lower panel): AG B in mice before and 30 
min after SV injection. Basal AG B was found in a 
d imorphic fashion in all pair-groups studied, being 
values in mice of the female sex significantly 
(p<0.05) higher than the respective in animals of 
the male sex, regardless surgery and steroid treat
ment. SV administration significantly (p<0.05 vs the 
respective basel ine) enhanced AG B in all groups 
studied without any significant difference between 
groups. 

Effects of gonadectomy alone and followed by E2 
treatment on spontaneous and SV-induced 
TNFa secretion by incubated PMNC 
When PMNC (from different donors) were incubat
ed (48 h) with medium alone (basal), a detectable 
amount of TNFa was found in the medium, re-
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Fig. 3 - Anterior pituitary (AP) ACTH (upper panel) and adrenal 
corticosterone (lower panel) contents before (basal) and 30 min
utes after ip administration of SV (25 j.lg per animal) in several 
groups of mice. Values are the mean±SE (n=9-11 mice per 
group). *p<0.05 vs the respective basal values; +p<0.05 be
tween sexes in similar condition. 

gardless of the group (Fig. 4). Although no signifi
cant differences in spontaneous TNFa output were 
found between Male and Female groups, go
nadectomy enhanced basal cytokine release in a 
significant (p<0.05 vs Male values) fashion only 
when performed in males (Odx group). E2 treat
ment, in gonadectomized mice, whereas did not 
vary spontaneous cytokine output in males 
(Odx+E2), significantly reduced (p<0.05 vs Ovx val
ues) basal TNFa release in ovariectomized mice 
(Ovx+E2). Figure 4 shows also the results of SV (0.1 
iJg/ml)-stimulated cytokine output by PMNC from 
d ifferent donors. SV was able to significantly 
(p<0.05) increase TNFa release over the respective 
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Fig. 4 - Ex vivo immune function in mice. TNF-fJ. release by PMNC, 
from different donors, incubated with medium alone (basal) or 
containing SV (0.1 fJg/ ml). Values are the mean of 2 different 
experiments (n=5-6 wells per experiment). ap<0.05 vs basal val
ues in intact mice of the same sex; bp<0.05 vs SV values in in
tact mice of the same sex; cp<0.05 vs Ovx values similar condi
tion; +p <0.05 vs between sexes in similar conditions. 

baseline, regardless of the group. Gonadectomy, 
in both genders, significantly (p<0.05) enhanced 
SV-stimulated TNFa release vs the respective, non
gonadectomized, gender values. Finally, although 
E2 treatment did not influence the effect of Odx on 
SV-elicited cytokine output, it fully reversed (p<0.05 
vs Ovx values) the enhance in PMNC response to 
SV in Ovx mice (Fig. 4). 

DISCUSSION 

A neuroendocrine-immune response to PLArrelat
ed neurotoxin administration was found in intact 
male mice. This response was characterized by: 1) 
persistent hyperglycemia; 2) transient increases in 
plasma levels of ACTH and TNFa and 3) maximal 
adrenal B production. The transient increase in cor
ticotrope and immune cell activities, which finally 
decline towards their respective baselines, are 
probably due to the rapid negative feedback effect 
of high glucocorticoid levels on both cell popula
tions (20). It must be pointed out that this PLArre
lated SV possesses a direct stimulatory effect on 
TNFa output from PMNC [(1) and these results] and 
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has no effect on adrenal gland glucocorticoid pro
duction (1). 
We found gender-related differences in basal cir
culating Band AG B; these differences were char
acterized by higher values in females than in males. 
These findings agree with previous results in dif
ferent animal models (11, 12, 21, 22). We also 
found a sexual dimorphic pattern in both the hy
perglycemic effect and the adrenal response elicit
ed by SV; these responses were higher in females 
than in males. Although the sexual dimorphism in 
the adrenal response has been reported by using 
different inflammatory challenges (11, 12, 15, 21, 
23), to our knowledge, no gender-dependent dif
ferences in neurotoxin-induced hyperglycemia have 
been previously described. It is important to em
phasize that higher GLU levels, post-SV, in females 
than in males could contribute as a significant body 
defence mechanism. In fact, higher mortality was 
found in male (70%) than in female (30%) mice 4 h 
post-SV. Regarding the mechanisms involved in the 
hyperglycemic effect of SV, there are at least two 
possibilities to consider: 1) it is known that PLA2 ac
tivity induces the removal of fatty acid from the 2 
positions of phosphoglycerides thus increasing 
Iysophosphatides, these compounds in high con
centrations are toxic and injurious to cell mem
branes (24); and 2) neurotoxin could affect the cen
tral nervous system level, which is known to control 
carbohydrate metabolism, thus inducing an en
hancement in sympathetic nerve activity to the pan
creas (25) or the adrenals (26) to stimulate glucagon 
or epinephrine, thus causing peripheral hyper
glycemia. However, whether there exists a gender
or a sex steroid-dependent regulation on the exact 
mechanisms involved in SV-induced hyperglycemia, 
still remains unknown. 
SV-induced ACTH release in plasma was similar in 
intact animals of both sexes (even when examined 
before and after 30 min, data not shown). Although 
in different animal models, inflammatory stress-in
duced ACTH release has been found in a sexual di
morphic fashion (21, 23); the discrepancy with the 
present finding could be due to differences in the 
nature of the challenge employed (LPS vs SV). SV
stimulated TNFa secretion was similar in intact mice 
of both sexes; we have previously reported that LPS 
ip administration, in intact mice, did not induce any 
sexual dimorphic pattern in the release of TNFa 2 
h post-injection (12). When Gnx was performed, our 
results indicate that the sexual dimorphism found 
in intact animals persisted (GLU and B plasma lev
els), and, although Gnx did not induce differences 
in GLU levels between Gnx and intact mice of both 
sexes, a higher adrenal response was found in Gnx 
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than in intact mice of the respective sex. As earlier 
reported (although using LPS) (27), Odx, but not 
Ovx, enhanced corticotrope response to SV treat
ment. In that report, it was also found that testos
terone (T) treatment only partially restored LPS
stimulated ACTH secretion to values attained in in
tact males (27). Interestingly, a clear sexual dimor
phism in SV-elicited TNFa secretion was found in 
Gnx mice, in fact, TNFa levels were significantly 
higher in Odx than in Ovx mice. The results on the 
effects of Gnx on TNFa response to inflammatory 
challenge agree with those found in Gnx mice after 
LPS (12). We found (12) that LPS-treated Gnx mice, 
of both sexes, released more cytokine than intact 
mice of similar gender. It could be further suggest
ed that the mechanisms involved in the modulation 
of the immune response by sex-steroids seem to 
be dependent also on the inflammatory stimulus 
employed. It is important to stress that this sex-re
lated difference was due to the higher cytokine se
cretion in Odx than in intact males, without changes 
in the immune responses between intact female 
and Ovx mice. Importantly, the immunological sex
ual dimorphism that we now describe was not on
ly found in vivo but also after the examination of 
PMNC function ex vivo. Spontaneous TNFa out
put, although not influenced by gender in intact 
mice, was enhanced 20 days after Odx but not af
ter Ovx. Additionally, SV-stimulated TNFa secre
tion by PMNC was also enhanced by Gnx in ani
mals of both genders. Our results fully agree with 
previous reports from other groups. For instance, 
skin allograft rejection time has been reported to 
be longer in male than in female mice and, inter
estingly, Odx was effective in reducing this rejec
tion time (28). Similarly, NZB/NZW mice of the male 
gender are more resistant than females to develop 
autoimmune lupus, however, they will die after or
chidectomy (29). The sexual dimorphism found in 
basal adrenal B content, with values significantly 
higher in females than in males, was not affected 
by Gnx followed or not by E2 treatment. The sexu
al dimorphism in basal adrenal function was corre
lated with B peripheral levels. Conversely, AP 
ACTH, basal and post-SV treatment, was indepen
dent of both gender and Gnx, either alone or fol
lowed by E2 therapy. 
Our results clearly indicate that the removal of en
dogenous androgens induces differences between 
several parameters (when compared Odx vs both 
Ovx and intact male mice); thus a relevant inhibitory 
role ofT on immune-neuroendocrine function could 
be inferred (8, 9, 12, 30, 31). When the E2 effect in 
Gnx animals was examined, our results indicate that 
the sexual dimorphism in basal B levels and adrenal 
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B was still present. However, the sexual dimorphic 
characteristic was not longer present in several oth
er metabolic parameters; in fact, E2 therapy in SV
treated Gnx mice: 1) abolished the sex-dependent 
hyperglycemia found in intact mice; 2) reversed the 
enhance in ACTH and TNFa output post-Odx; and 
3) restored increase in B release induced by go
nadectomy. To our knowledge, there are no previ
ous reports on the effect of sex steroid on stimu
lus-induced hyperglycemia, however, in our design, 
E2 seems to be stimulatory of SV-induced GLU out
put. E2 treatment in Gnx mice inhibited the en
hancement in both SV-stimulated ACTH secretion 
in Odx mice, and in SV-elicited adrenal responses in 
animals of both sexes. It has been demonstrated 
that Ertreated, 20-day Gnx, mice developed a low
er HPA axis response to LPS than Gnx counterparts, 
regardless of gender; in addition, the responses 
were similar to those found in intact mice of the re
spective sex (12). The last mentioned results, taken 
together with the present data, suggest that E2, al
though less effective than T, plays an inhibitory role 
on stimulus-induced inflammation. This in vivo ob
servation was confirmed by our in vitro experiments 
on PMNC function. In fact, E2 treatment, in Gnx 
mice, was able to fully reverse the enhance in SV
stimulated TNFa output induced after Ovx alone. 
The possibility that sex steroids may affect the re
lease of other cytokines after SV stimulation should 
not be ruled out; it is known that these substances, 
in turn, stimulate HPA axis activity (32-34). 
Acute inflammatory process represents a threat to 
the integrity of the organism that requires metabol
ic changes (35, 36) for survival after injury, our study 
reinforces (12) the concept that sex hormones blunt 
the effect of inflammation. 
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