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Abstract—Peripheral neuropathy represents an important
complication of diabetes involving a spectrum of structural,
functional and biochemical alterations in peripheral nerves.
Recent observations obtained in our laboratory have shown
that the levels of neuroactive steroids present in the sciatic
nerve of rat raised diabetic by a single injection of strepto-
zotocin (STZ) are reduced and that, in the same experimental
model, treatment with neuroactive steroids, such as proges-
terone, testosterone and their derivatives show neuroprotec-
tive effects. On this basis, an interesting therapeutic strategy
could be to increase the levels of neuroactive steroids di-
rectly in the nervous system. With this perspective, ligands of
translocator protein-18 kDa (TSPO) may represent an inter-
esting option. TSPO is mainly present in the mitochondrial
outer membrane, where it promotes the translocation of cho-
lesterol to the inner mitochondrial membrane, and, as dem-
onstrated in other cellular systems, it allows the transforma-
tion of cholesterol into pregnenolone and the increase of
steroid levels. In the diabetic model of STZ rat, we have here
assessed whether treatment with Ro5-4864 (i.e., a ligand of
TSPO) could increase the low levels of neuroactive steroids
in sciatic nerve and consequently to be protective in this
experimental model. Data obtained by liquid chromatogra-
phy–tandem mass spectrometry show that treatment with
Ro5-4864 was able to significantly stimulate the low levels of
pregnenolone, progesterone and dihydrotestosterone ob-
served in the sciatic nerves of diabetic rats. The treatment
with Ro5-4864 also counteracted the impairment of NCV and

thermal threshold, restored skin innervation density and P0
mRNA levels, and improved Na�,K�-ATPase activity. In con-
clusion, data here reported show for the first time that a TSPO
ligand, such as Ro5-4864, is effective in reducing the severity
of diabetic neuropathy through a local increase of neuroac-
tive steroid levels. © 2009 IBRO. Published by Elsevier Ltd.
All rights reserved.
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Peripheral neuropathy is one of the most important com-
plications of diabetes affecting nearly half of diabetic pa-
tients. In the nervous system, hyperglycemia is responsi-
ble for increased production of free radicals (Vincent et al.,
2004; Edwards et al., 2008) and, together with a decreased
neurotrophic support, damages axons and myelin sheaths.
While the disease progresses, the clinical signs of the
nerve degeneration are present as decrease of nerve ac-
tion potential amplitude and slowing of nerve conduction
velocity (NCV), reduction in thermal sensitivity and altered
activity of the enzyme Na�,K�-ATPase that is responsible
for the maintenance of the potential difference throughout
the nerves (Dobretsov et al., 2007; Said, 2007; Tomlinson
and Gardiner, 2008).

A therapeutic strategy able to counteract diabetic neu-
ropathy is not currently available and the clinical treat-
ments are limited to hyperglycemia control. Our recent
data obtained in the streptozotocin (STZ)-induced experi-
mental model of diabetic neuropathy suggested that neu-
roactive steroids have potential neuroprotective activity in
peripheral nerves (Roglio et al., 2008). We observed that
progesterone (PROG) and its metabolite dihydroprogest-
erone (DHP) are able to counteract the increase in the
number of fibers with myelin infoldings induced by STZ
treatment in the sciatic nerve (Veiga et al., 2006). Neuro-
active steroids are also able to influence biochemical and
functional parameters of peripheral nerves. For instance,
treatment with PROG, or with its derivatives DHP or tetra-
hydroprogesterone (THP), counteracted the impairment of
NCV and thermal threshold, restoring skin innervation den-
sity and myelin protein mRNA levels, such as glycoprotein
zero (P0) and peripheral myelin protein 22 (PMP22), and
improving of Na�,K�-ATPase activity (Leonelli et al.,
2007). Similar effects have been also ascertained in case
of other neuroactive steroids, such as testosterone (T) and
its derivatives, dihydrotestosterone (DHT) and 5�-andro-
stane-3�,17�-diol (3�-diol) (Roglio et al., 2007).
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In agreement with these findings we observed that
neuroactive steroid levels in plasma and in peripheral
nerves are affected by diabetes with a general decrease of
their levels (Caruso et al., 2008; Pesaresi et al., 2009). In
particular, a statistically significant decrease of PROG and
T was observed in plasma while the levels of the precursor
of PROG, pregnenolone (PREG), of T and its derivatives
(DHT and 3�-diol) were significantly decreased in the sci-
atic nerve of STZ rats (Pesaresi et al., 2009).

On this basis, an interesting therapeutic strategy could
be to increase the levels of neuroactive steroids directly in
the nervous system. With this perspective, ligands of trans-
locator protein-18 kDa (TSPO) may represent an interest-
ing option. TSPO is a mitochondrial protein, particularly
enriched in the contact site between the outer and inner
mitochondrial membrane. In rats, it is expressed in various
peripheral tissues such as kidney (Braestrup and Squires,
1977), blood cells—like macrophages, platelets and lympho-
cytes (Benavides et al., 1984; Zavala et al., 1984; Cahard et
al., 1994), steroidogenic glands (Gavish et al., 1999; Brown
and Papadopoulos, 2001; Papadopoulos et al., 2006), in
central (Chen et al., 2004; Papadopoulos et al., 2006; Ven-
neti et al., 2006; Veiga et al., 2007; Cosenza-Nashat et al.,
2009) and peripheral nervous system (Lacor et al., 1996,
1999; Schumacher et al., 2007). Since its first character-
ization in the rat kidney, TSPO has been extensively stud-
ied due its implications in a number of important cell func-
tions. It is involved in the regulation of cellular proliferation
(Alho et al., 1994), immunomodulation (Zavala, 1997), por-
phyrin transport and heme biosynthesis (Taketani et al.,
1995), anion transport (Basile et al., 1988), apoptosis (Hir-
sch et al., 1998) and steroidogenesis (Besman et al.,
1989). This latter feature is the best characterized. The
tertiary structure of TSPO conforms as a 5� helices trans-
membrane pore able to directly bind cholesterol and to
transfer it into the inner mitochondrial membrane (Besman
et al., 1989; Papadopoulos et al., 1997a,b). Here resides
the enzyme cytochrome P450 side chain cleavage
(P450scc) that converts cholesterol in PREG, which rep-
resents the limiting step of steroidogenesis (Melcangi et
al., 2008). Indeed, reports from different laboratories indi-
cate that TSPO ligands stimulate steroid synthesis in ad-
renal, placental, testicular, ovarian and glial cells (Brown
and Papadopoulos, 2001; Papadopoulos et al., 2001;
Lacapere and Papadopoulos, 2003; Giatzakis and Pap-
adopoulos, 2004). Interestingly, Schwann cells also ex-
press TSPO (Schumacher et al., 2007) and a previous
study has shown that its agonist Ro5-4864 increases the
concentrations of PREG in the rat sciatic nerve (Lacor et
al., 1999).

On this basis, we hypothesized that activation of TSPO
might increase neuroactive steroid levels and protect pe-
ripheral nerves from degeneration induced by diabetic
neuropathy. To this aim, after treatment with Ro5-4864 in
STZ-rat model we have evaluated by liquid chromatogra-
phy–tandem mass spectrometry (LC–MS/MS) the levels of
neuroactive steroids, such as PREG, PROG and its deriv-
atives (i.e. DHP, THP and isopregnanolone), T and its
derivatives (i.e. DHT and 3�-diol). The effect of this TSPO

ligand has been also investigated at neurophysiological,
biochemical and neuropathological levels, analyzing anti-
dromic tail NCV, thermal nociceptive threshold, Na�,K�-
ATPase activity, intra-epidermal nerve fiber (IENF) density
and expression of myelin proteins, such as P0 and PMP22.

EXPERIMENTAL PROCEDURES

Materials

5-pregnen-3�-ol-20-one (pregnenolone; PREG), PROG, 5�-
pregnane-3, 20-dione (dihydroprogesterone; DHP), 3�-hydroxy-
5�-pregnen-20-one (THP), 3�-hydroxy-5�-pregnen-20-one (isopreg-
nanolone), T, 5�-androstane-17�-ol-3-one (dihydrotestosterone;
DHT), 3�-diol, were purchased from Sigma Aldrich. 17,21,21,21-
D4-PREG (D4-PREG) was kindly synthesized by Dr. P. Ferrabos-
chi (Department of Medical Chemistry, Biochemistry and Bio-
technology, University of Milano, Milano, Italy); 2,2,4,6,6–
17�,21,21,21-D9-PROG (D9-PROG) was obtained from Medical
Isotopes, (Pelham, NH, USA); 2,4,16,16-D4-17�-estradiol (D4-
17�-E) was obtained from CDN isotope (Pointe-Claire, Quebec-
Canada). SPE cartridges (Discovery DS-C18 500 mg) were from
Supelco, Milano, Italy. All solvents and reagents were HPLC grade
(Sigma Aldrich, Milano, Italy).

Animals

Two-month-old male Sprague–Dawley rats, Crl:CD BR (Charles
River, Italy) were utilized. The animals were maintained in the
department animal quarters with controlled temperature and hu-
midity. The light schedule was 14 h light and 10 h dark (lights on
at 06.30 h). The animals were handled following the European
Union Normative (Council Directive 86/609/EEC), with the ap-
proval of our Institutional Animal Use and Care Committees. Spe-
cial care was taken to minimize animal suffering and to reduce the
number of animals used to the minimum required for statistical
accuracy.

Induction of diabetes and experimental treatments

Diabetes was induced by a single i.p. injection of freshly prepared
STZ (65 mg/kg; Sigma, Italy) in 0.09 M citrate buffer pH 4.8.
Control animals were injected with 0.09 M citrate buffer at pH 4.8.
Hyperglycemia was confirmed 48 h after STZ injection by mea-
suring tail vein blood glucose levels using a Glucomen tester
(Menarini, Italy). Only animals with mean plasma glucose levels
above 300 mg/100 ml were classified as diabetic. Glycemia was
also assessed before the treatment with steroids (2 months after
STZ injection, see below) and tested at scheduled death, 3
months after STZ. At 2 months after STZ injection two different
protocols of TSPO ligand administration were assessed. In the
protocol 1, animals were administered every 2 days with 3 mg/kg
Ro5-4864 (Sigma, Italy) dissolved in 200 �l of sesame oil (i.e.,
they received 16 s.c. injections); in the protocol 2, animals were
injected once a week with the ligand (i.e., they received four s.c.
injections). Control rats received 200 �l of vehicle (sesame oil).
Rats were killed 24 h after the last treatment.

Assessment of neuroactive steroids by LC–MS/MS

Neuroactive steroids in sciatic nerves and plasma were extracted
according to Pesaresi et al. (2009). Briefly, the internal standards
deuterated were added to the samples. The plasma and the
sciatic nerves of each animal were independently analyzed. Acetic
acid (1%) in methanol was added to the samples and the sciatic
nerves were homogenized by sonication. The samples were
loaded to C18 cartridges, the steroid fraction was eluted with
methanol (5 ml), and the organic phase was reconstituted with

S. Giatti et al. / Neuroscience 164 (2009) 520–529 521



Download English Version:

https://daneshyari.com/en/article/4339802

Download Persian Version:

https://daneshyari.com/article/4339802

Daneshyari.com

https://daneshyari.com/en/article/4339802
https://daneshyari.com/article/4339802
https://daneshyari.com

