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 Abstract
 The strong continuous interactions between the central transhypophyseal and 

parahypophyseal mecha nisms have been shown to play an important role by the regu-
lation of the adrenal ste roido gen esis. Parahypophyseal mechanisms play an important 
role during de vel opment, functioning and patho logical processes of the adrenal gland. 
The possible par tici pation of adipose tissue in parahypophyseal regulation of the 
adrenal ste roido gen esis has re cently been revealed. In accor dance with WHO, obes-
ity has become an epidemic prob lem. Moreover, it is associated with numerous 
adrenal mal functions (such as increased cortisol, early pubertal development, hy per-
al dos ter onism promoting arterial hypertension). Therefore, in the present study we 
tested the possible influence of human adipocyte secretory products on the secretion 
of cortisol and al dos ter one in ad re nal cor tex. Secretory prod ucts from iso lated human 
adipocytes indeed strongly stimu lated ste roido gen esis both in human adreno cor tical 
cells (NCI-H295R) and in primary cul ture of bovine adrenocortical cells with a pre-
domi nant effect on mineralocorticoid secretion. In con clusion, fat tissue takes part 
in the parahypophyseal regulation of adreno cor tical ste roido gen esis. Iden ti fi cation 
and fur ther char ac ter ization of these factors should open new ways for the treatment 
of various obesity-caused en do crine disorders.
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 Introduction
Over the past years considerable evidence 

has been accumulated to change the classical 
con cepts of regulation of adrenocortical ste-
roido gen esis. The strong continuous interac-
tions be tween the cen tral transhypophyseal and 
extrahypophyseal (parahypophyseal) mecha-
nisms have been shown to play an important 
role by the regulation of the adrenal ste roido-
gen esis in normal conditions and in stress 
re action (Ehrhart-Bornstein M. et al., 1998). 
More over, parahypophyseal mecha nisms play 
an im por tant role during development, function-
ing and patho logical processes of the adrenal  
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gland (Mesiano S.,  Jaffe R.,  1997).  Local 
intraadrenal  regu latory mecha nisms are re lated 
to the parahypophyseal regu lation of adreno-
cor tical steroidogenesis. These mecha nisms 
function due to the large contacts be tween cor tical 
and chro ma ffine cells, as well as due to the 
pe cu liarities of the inner vations and the blood 
cir cu lation in the adrenal gland (Hinson J., 
1990; Bornstein S. et al., 1994; Dijkstra I. et 
al., 1996). Adrenomedullary chromaffin cells, 
vas cu lar endothelium, immune cells, and ad re nal 
nerves re lease a wide va ri ety of active factors, 
such as va so pressin (Perraudin V. et al., 1993), 
atrial natri uretic peptides (Nawata H. et al.,1991), 
vasoactive in tes ti nal  polypep tide (VIP) (Born-
stein S. et al., 1996), cat echola mines (Ehrhart-
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Fig. 1. Human adrenocortical cells NCI-H295R. Fig. 2. Bovine adrenocortical cells.

Bornstein M. et al., 1991), sub stance P (Urshida T. 
et al., 1992) and cytokines (Path G. et al., 1997; 
Natarajan R. et al., 1989),  which are re spon sible 
for the intraadrenal regu lation of ste roido gen esis. 

The possible involvement of adipose tissue 
in the regulation of adrenal function has recently 
been discussed. In accordance with World Health 
Organi zation and other investigations (WHO, 
1998; Cameron A. et al., 2003), obesity has be come 
an epidemic problem. On the other hand, obesity 
is associated with numerous endocrine disorders, 
such as hyperactivity of hy po thala mus-pi tu itary-
ad re nal (HPA) axis, and, con se quently, in creased 
cortisol secretion and even sub clinical Cushing’s 
syndrome (Rask E. et al., 2002), early pubertal 
development (L’Allemand D. et al., 2002), in creased 
level of dehydroepiandrosterone in women (Mac-
Cario M. et al., 1999). Besides, obesity is fre quently 
asso ciated with hyperaldosteronism pro moting 
ar terial hypertension. Plasma aldosterone level 
has been directly linked with the amount of fat 
tissue in or ganism (Goodfriend T. et al., 1999). 

White adipose tissue has traditionally been 
re garded as lipid and, consequently, energy 
storage. How ever, recently the importance of 
adipose tissue as a highly active endocrine organ 
has been revealed. The first adipocyte-specific 
hormone to be char ac terized was leptin (Zhang Y. 
et al., 1994), which has an important role in 
the regu lation of appetite (in hypothalamus), 
as well as pe riph eral effects (in liver, muscles 
etc.). Its dis cov ery was followed by the char ac-
ter ization of various other factors with po ten tial 

paracrine effects (on me tabo lism of adipocytes), 
or with dis tant effects on other sys tems (Kim S. 
et al. 2000; Trayhurn P. et al., 2001).

In the present study, we tested the possible 
in fluence of human adipocyte secretory prod-
ucts on the secretion of cortisol and aldosterone 
in ad re nal cor tex.

Materials and Methods
We conducted two series of experiments 

using two various types of adrenocorticocytes. 
Cells were kept at 37°C in a humidified atmos-
phere of 5% CO2. First series was conducted 
(by colleagues from Germany) on the human 
adreno cor tical cell line NCI-H295R (Fig. 1). 

These cells are a widely accepted model 
for human adrenocortical studies and express 
the three major pathways including the main 
ste roidogenic enzymes. Cells were grown in 
DMEM/F12 supple mented with insulin (66 nM), 
hy dro cor ti sone (10 nM), 17β-estradiol (10 nM), 
trans ferrin (10 µg/ml), selenite (30 nM), peni-
cillin (100 U/ml), strep to my cin (100 µg/ml), 
and 2% fetal bovine serum (FBS). The medium 
was changed every 3 days.

Parallel series were conducted using pri mary 
cul ture of bovine adrenocortical cells (Fig. 2). 
Bo vine adrenals were obtained at the local 
slaugh ter house. Adrenocortical cells were iso lated 
by di gestion with trypsin and cultured for 3-4 
days in DMEM/F12 supple mented with ascor bic 
acid (20 µg/ml), bovine transferrin (10 µg/ml), 
bacitracin (100 µg/ml), peni cillin (100 U/ml), 
streptomycin (100 µg/ml), gentamycin (50 µg/ml) 
and 10% FBS.
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Tissue specimens of white human adipose 
tissue were obtained from healthy (20-35 years-
old) women undergoing surgical mammary 
reduction. The study was approved by the ethical 
committee of the University of Dusseldorf. 
Adipocytes were isolated by collagenase digestion. 
Isolated cells were cultured for 24 h in culture 
medium DMEM/F12 con ta in ing  HEPES 
(15 mmol/l), L-glutamine (2.5 mmol/l), NaHCO3 
(1.125 g/l), peni cillin (100 U/ml), streptomycin 
(100 µg/ml) under serum free con ditions. The 
fat cell-conditioned medium (FCCM) was then 
collected and kept fro zen at -20°C until used.

Production of cortisol and aldosterone was ana-
lyzed in both NCI-H295R cells and bovine adreno-
corticocytes in following conditions: a) at absence 
of known stimulatory factors (basal se cretion) 
in medium; b) stimulation with classical stimula-
tors, as Forskolin (2x10-5M) for NCI-H295R 
cells and Synacten (1x10-7M) as stimulator 
for bo vine adrenocorticocytes; c) stimulation 
with fat cell-conditioned medium (FCCM).

Hormones in the incubation medium were 
mea sured by specific radioimmunoassay (Diag-
nostic Prod ucts Corporations, Los Angeles). 
IL-6 and TNF-α concentrations in conditioned 
medium were de ter mined by ELISA to human 
IL-6 (CLB, Peli kine, Amsterdam) and TNF-α 
(Pharmingen). K+-ions concentration was mea-
sured with an ion-spe cific electrode (Hitachi 
Ana lyzer 912).

 Results

The present data indicate that fat cell-con di-
tioned medium contains potent factor or the 
factors stimu lating the mineralo- and glucocor-
ticoid secretion in adrenocortical cells. The 
results of the first series presented in Figure 3 
indicate that FCCM strongly stimulates the 
secretion of cortisol and aldosterone from 
pri mary culture of bovine adrenocortical cells 
with the most prominent effect on aldosterone 
re lease. More over, this was verified in the sec-
ond series (Fig. 4) in human NCI-H295R cells.

The conditioned medium caused significant 
in crease of aldosterone and cortisol secretion with 
the same pronounced effect on aldosterone re lease. 

 Discussion 
The present results indicate that human 

adipocytes have capacity to produce a cor ti cos-
ter oid-re leasing factor (or factors). In fact, these 
findings prove the assumption of numerous 
re searchers about a possible role of adipocytes 
in extrahypophyseal regulation of steroidogen-
esis and disfunctions in ad re nal gland. Obvi-
ously, the  ex pla nation of the physiological 
mecha nisms un der lying stimu latory effect could 
be possible after the iden ti fi cation of fat cells-
de rived stimu latory factors. How ever, present 
data pro vide evi dence that sev eral  known 
FCCM com po nents par tici pate in the stimu-
lation of ste roido gen esis.

Fig. 3. Secretion of aldosterone and cortisol from bo vine 
adrenocortical cells in primary culture: basal, following 
stimu lation with Synacten (10-7 M) (2) and fat cell-con di tioned 
me dium (FCCM). Cells were in cu bated for 24 h (4 separate 
prepa rations).

Fig. 4. Secretion of aldosterone and cortisol from NCI-H295R 
cells: basal, following stimulation with Forskolin (2x10-5M)  
and fat cell-conditioned me dium (FCCM). Cells were in cu-
bated for 24 h (4 separate preparations).
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Adipose tissue produces a wide variety of 
active factors, so-called adipokinins. Some of 
these factors, such as IL-6 and TNF-α, are known 
to in fluence adrenal function, both  stimu lating 
and in hib iting secretion of cor ti cos ter oids. In 
our ex periment  isolated human adipocytes in 
fact re leased IL-6 and TNF-α (Table), but in 
accordance with re search data they did not stim-
ulate ste roido gen esis when added at concentra-
tions com pa rable to those in FCCM (Path G. 
et al., 1997; Natarajan R. et al., 1989).

Adipose tissue is an important production 
site of angiotensinogen and angiotensin II. 
An gio tensin II stimulation of aldosterone 
re lease is mediated by AT1 receptors. Our data 
suggest that AT1 re ceptor antagonist valsartan 
(10-5M) has no sig nifi cant effect on FCCM-
stimu lated aldosterone re lease. Con se quently, 
we make up a con clusion that the observed 
stimu latory effect was in de pen dent on adipose 
an gio tensin II. 

Aldosterone secretion is regulated by plasma 
po tassium levels. Potassium con cen trations in 
con di tioned media were not different from 
con cen trations in the culture me dium, and 
there fore were not responsible for the stimu-
latory effect of FCCM.

Thus, our data demonstrate that ac ti vation 
of ste roido gen esis depends on some uni den-
tified factor (s) secreted by adipocytes. Iden ti-
fi cation and char ac ter ization of these factors 
may be con ducted in further in ves ti gations.

We suppose that factors secreted from 
adipocytes (for instance from abdominal fat) 
may  regulate by distant manner the adreno cor-
tical ste roido gen esis. They can be re leased into 
the cir cu lation and reach the adrenal cor tex. It 
is not inconceivable that adipocytes can influ-
ence ste roido gen esis in a paracrine manner, due 
to their direct close con tacts with the steroid-
producing cells. Moreover, the case of an 
intraadrenal my elo lipoma asso ciated with 
ACTH-independent Cushing’s syn drome has 
been described in lit era ture (Vrezas I. et al., 
2003). It is con ceivable that paracrine in fluences 
of secretory prod ucts from the my elo lipoma 
were responsible for the enhanced cor ti sol 
secretion in patient.

In conclusion, our data demonstrate that fat  
tissue participates in the parahypophyseal regu-
lation of the adrenocortical function and may 
con trib ute to dysfunctions in obese in di viduals. 
Iden ti fi cation and further char ac ter ization of 
these factors should open new ways for the 
treatment of numerous obesity-caused en do crine 
dis or ders.
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 Abstract
 Parkinson’s disease (PD) is the most common movement disorder in the broad 

spec trum of neurodegenerative diseases frequently associated with gradual decline of 
the higher men tal functions. Great number of PD treatment options has been accumu-
lated to date, but research of novel effective drugs is still necessary. Small doses of 
different snake venoms possess immunomodulatory-neuroprotective properties and 
could be beneficial. Our ob jective was the mor phofunctional study of protective action 
of small doses of Central Asia cobra Naja naja oxiana (NOX) venom in rotenone-
induced model of PD. Three experimental se ries (n =22 rats) were carried out with 
sham-control, placebo control (unilateral medial forebrain bundle injection of rotenone 
with further i/m ad min is tration of saline solution) and treatment (rotenone intoxication 
with further i/m administration of small doses of NOX venom every other day during 
3 weeks). Acute experiments of elec tro physiological recording of impulse activity flow 
frequency changes of substantia nigra compacta (SN) single neurons (n = 209), evoked 
on high frequency stimu lation of nucleus caudatus, were carried out on post op erative 
survival of 33-90 days. Activity was recorded as tetanic (TP) and post-tetanic po ten-
tiation (PTP) and de pression of diverse intensity and duration. Subsequent his tochemical 
in ves ti gation of SN frozen sections for detection of Ca2+-dependent acid phos phatase 
activity was per formed. Rotenone induced significant neurodegeneration on SN slices 
in pla cebo-control with ab sence of TP and PTP effects or occasional weak effect in the 
first trial, disappearing in the sub se quent trials. Regular ad min is tration of NOX venom 
led to restoration of morphological picture with in ten sified vascularisation. Approxi-
mation of elec tro physiological parameters to normal level was re vealed under NOX 
treatment. The ob tained findings suggest that small doses of NOX venom act as a neu-
roprotective agent, and further research should be carried out to reveal the mecha nisms 
of action, and to propose it as a potential drug for PD treatment.

Keywords: neuronal evoked spike activity,  substantia nigra,  histochemistry,  Parkin-
son’s disease,  cobra venom,  neuroprotection
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