










 Categoria
 Top Downloads




Entrar
Registrar
Recobrar











Pesquisar












	
Categoria

	
Top Downloads

	
	
Entrar

	
Registrar







Pesquisar











	
Home

	Glucocorticoid receptor deficiency increases vulnerability of the nigrostriatal dopaminergic system: critical role of glial nitric oxide 

 Glucocorticoid receptor deficiency increases vulnerability of the nigrostriatal dopaminergic system: critical role of glial nitric oxide 


June 28, 2017 | Autor: Francesca L'Episcopo | Categoria: Physiology, Enzyme Inhibitors, Oxidative Stress, Macrophages, Dopamine, Mice, Nitric oxide, Animals, Corticosterone, Substantia nigra, Medical Physiology, Neurons, Lysine, Nitric Oxide Synthase, Biochemistry and cell biology, Mice, Nitric oxide, Animals, Corticosterone, Substantia nigra, Medical Physiology, Neurons, Lysine, Nitric Oxide Synthase, Biochemistry and cell biology 



 BAIXAR PDF 



 Share
 Embed



 Denunciar este link














Descrição do Produto


The FASEB Journal express article 10.1096/fj.03-0501fje. Published online November 20, 2003.



Glucocorticoid receptor deficiency increases vulnerability of the nigrostriatal dopaminergic system: critical role of glial nitric oxide Maria Concetta Morale,* Pier Andrea Serra,† Maria Rosaria Delogu,† Rossana Migheli,† Gaia Rocchitta,† Cataldo Tirolo,* Salvo Caniglia,* Nuccio Testa,* Francesca L’Episcopo,* Florinda Gennuso,* Giovanna M. Scoto,‡ Nicholas Barden,§ Egidio Miele,† Maria Speranza Desole,† and Bianca Marchetti,*,† *OASI Institute for Research and Care on Mental Retardation and Brain Aging (IRCCS), Neuropharmacology Section, Troina, Italy; †Department of Pharmacology, Faculty of Medicine, University of Sassari, Italy, ‡Department of Pharmacology, Faculty of Pharmacy, University of Catania, Italy; and the §CHUL Research Centre and Department of Anatomy and Physiology, Laval University, Quebec, Canada Corresponding author: Bianca Marchetti, Neuropharmacology, OASI Institute for Research and Care on Mental Retardation and Brain Aging (IRCCS), Via Conte Ruggero 73, 94018 Troina (EN) Italy. E-mail: [email protected] ASTRACT Glucocorticoids (GCs) exert via glucocorticoid receptors (GRs) potent anti-inflammatory and immunosuppressive effects. Emerging evidence indicates that an inflammatory process is involved in dopaminergic nigro-striatal neuronal loss in Parkinson’s disease. We here report that the GR deficiency of transgenic (Tg) mice expressing GR antisense RNA from early embryonic life has a dramatic impact in “programming” the vulnerability of dopaminergic neurons to 1methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). The GR deficiency of Tg mice exacerbates MPTP-induced toxicity to dopaminergic neurons, as revealed by both severe loss of tyrosine hydroxylase positive nigral neurons and sharp decreases in striatal levels of dopamine and its metabolites. In addition, the late increase in dopamine oxidative metabolism and ascorbic acid oxidative status in GR-deficient mice was far greater than in wild-type (Wt) mice. Inducible nitric oxide synthase (iNOS) was sharply increased in activated astrocytes, macrophages/microglia of GR-deficient as compared with Wt mice. Moreover, GR-deficient microglia produced three- to fourfold higher nitrite levels than Wt mice; these increases preceded the loss of dopaminergic function and were resistant to GR the inhibitory effect of GC, pointing to peroxynitrites as candidate neurotoxic effectors. The iNOS inhibitor N6-(1iminoethyl)-L-lysine normalized vulnerability of Tg mice, thus establishing a novel link between genetic impairment of GR function and vulnerability to MPTP. Key words: Parkinson’s disease (PD) • inflammation • hypothalamic-pituitary-adrenocortical (HPA) axis • astroglial inducible nitric oxide synthase (iNOS) • neuroprotection
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lucocorticoid hormones (GCs)1 regulate various physiological responses and developmental processes by binding to and modulating the transcriptional activity of their cognate receptors. GCs are predominantly released upon stress to maintain homeostasis and play important roles in a variety of brain functions, including cognition, emotion, and feeding (1–3). Under physiological conditions, GCs are adaptive and beneficial; however, prolonged elevation of GCs levels is believed to contribute to neurodegeneration and brain dysfunction (2–4). Different aspects of the effects of GCs have been addressed, including anatomical diversity of the brain region involved, species and strain differences, involvement of excitotoxins, metabolic pathways or neurotrophin factor synthesis, but the interaction of GCs with the immune system has received less attention. Indeed, GCs exert potent anti-inflammatory and immunosuppressive effects and are key regulators of the bi-directional communication between the neuroendocrine and immune systems (5–8). As a consequence of this interaction, the secretion of GC from the adrenal glands increases during an immune response, and this mechanism limits the magnitude of the inflammatory reaction to an immunogenic stimulus. GCs exert their immune regulatory effects at multiple levels after binding to their cytoplasmatic receptors (Type II, or GRs), which are primarily involved in the feedback regulation of the hypothalamic-pituitary-adrenocortical (HPA) axis (1, 2). Upon ligand binding, GR translocates into the nucleus and regulates gene expression, resulting in down-regulation of a wide variety of pro-inflammatory cytokines and immune mediators (9), including nitric oxide (NO), a key molecule in the inflammatory response (10). An important molecular mechanism recognized to underlie most of the anti-inflammatory and immunosuppressive activity GCs is inhibition of the activation of protein-1 (AP-1, Jun-Fos heterodimers) and nuclear factor kB (NF-kB, p65-p50 heterodimers) families of transcription factors (11–13). In particular, the cytokine-dependent stimulation of inducible nitric oxide synthase (iNOS or NOS2), responsible for NO production, is mediated by NF-kB activation and is efficiently suppressed by GCs (14, 15). Increasing experimental, clinical, and epidemiologic studies point to a pivotal role of inflammation and oxidative stress in the pathogenesis of acute or chronic neurodegenerative diseases (16–18). Particularly, in the context of innate inflammatory mechanisms, glia appears to play important roles in a wide range of neurodegenerative disorders, including Parkinson’s disease (PD; 19–21). Selective degeneration of dopaminergic neurons in the substantia nigra pars compacta (SN) and focal gliosis are pathological hallmarks of PD and of 1-methyl-4-phenyl1,2,3,6-tetrahydropyridine (MPTP)-induced experimental PD in many species, including humans, monkeys, and mice (22–24). After systemic administration, MPTP readily enters the brain and is metabolized by astroglia to 1 methyl-4-phenylpyridinium (MPP+; 25). MPP+ is a substrate of the dopamine transporter, and it is concentrated in nigral dopaminergic neurons where it inhibits Complex I of the mitocondrial electron transport chain, resulting in ATP depletion and subsequent neuronal death (25). Recent evidence, however, indicates that glial dysfunction may contribute to PD pathology through the release of toxic substances, causing dopaminergic cell death and/or increasing neuronal vulnerability to neurotoxins (26–30). In particular, microglial-derived iNOS/NO, alone or in cooperation with superoxide anion and peroxynitrites, are emerging as predominant effectors of MPTP-induced neuronal death (26–34). Recently, association between PD and polymorphism of neuronal NO synthase (nNOS) and iNOS genes have been described (35). Of special interest, reactive astrocytes, which synthesize various neurotrophic factors upon brain injury and actively participate in repair processes (36–



38), have been suggested to play a key role in the sequential linkage of neurochemical and cellular events leading to MPTP-induced nigral dopaminergic neuron death (39). Several neurological diseases are accompanied by dysregulation of the HPA axis. Transgenic (Tg) mice expressing from early embryonic life anti-sense RNA directed against GRs were created to serve as animal models for the study of neuroendocrine changes occurring in stressrelated disorders (40). These mice show reduced GRs mRNA in the brain, pituitary, and immune organs; reduced GRs binding; and reduced HPA axis sensitivity to GCs (40–44). As a consequence of dysfunction of GRs, these Tg mice exhibit an aberrant response to stressful and immunogenic stimuli (45–49). We recently reported that the GR-deficiency renders these Tg mice resistant to myelin oligodendrocyte glycoprotein (MOG)-induced autoimmune encephalomyelitis (EAE), via NO-induced immunosuppression (50). There is a growing appreciation that the pre-perinatal exposure to abnormal GC levels may alter the developmental programming of the HPA axis and stress response, as well as modulate the susceptibility to inflammatory and autoimmune diseases (6, 7, 50–54). Here we investigated the impact of lifelong GR deficiency of these Tg mice in the vulnerability of the nigrostriatal dopaminergic system to MPTP. MATERIALS AND METHODS Animals Female B6C3F1 (C57B female × C3H male) [H-2b] wild-type (Wt) and Tg (line 1.3) mice, in which a transgene driven by a neurofilament promotor was inserted in the genome constitutively expressing antisense RNA against the GRs (40), were bred at the OASI Institute, (Troina, EN, Italy). The mRNA levels and binding capacity of GRs in the brain, pituitary, and immune organs of these Tg mice are decreased by ~40–50% compared with Wt mice (40, 43). Mice of 2–3 months of age (body weight 20–25 g) were housed five per cage in a temperature (21–23°C), humidity (60%), and light (50/50 light:dark cycle, lights on at 06:00 a.m.) controlled room. Food and tap water were available ad libitum. Studies were conducted in accordance with the Guide for the Care and Use of Laboratory Animals (NIH) and were approved by the Review Boards of the OASI Institute (Troina, Italy). MPTP administration MPTP-HCl (Research Biochemical International, Natick, MA) 30 mg/kg was given intraperitoneally, at 24 h intervals, for five consecutive days (39), to groups of Wt and GRdeficient mice. This dosage is below that producing necrotic cell death (39). Wt and GRdeficient mice injected with vehicle (saline, 2 ml/kg intraperitoneally) served as control. Wt and GR-deficient control and MPTP-treated mice were killed at different days (1, 7, 11, or 21) after MPTP discontinuance by quick decapitation, between 08:00 and 12:00 a.m. Great care was taken to keep the mice undisturbed the night before the experiment. Trunk blood was collected after decapitation, and the plasma was stored at –80°C for corticosterone assay by using a specific RIA (ICN Biomedical, Costa Mesa, CA), as reported (40, 43). Heads were cooled by rapid immersion in liquid nitrogen. Thereafter, striata of both sides were rapidly removed and frozen at –80°C for subsequent HPLC determination of neurochemicals as described previously (39).



HPLC determination of striatal neurochemicals Dopamine, dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA), 3methoxytyramine (3-MT), 5-hydroxytryptamine (5-HT), 5-hydroxyindoleacetic acid (5-HIAA), ascorbic acid, and dehydroascorbic acid (DHAA) were performed by HPLC according to methods described previously (39). Striata of both sides, removed 1, 7, and 11 days after MPTP discontinuance, were pooled, weighed, and homogenized in 1% meta-H3PO4 containing EDTA 1 mM. After centrifugation (17,500 g for 10 min at 4°C), the supernatant was divided into two aliquots. The first was filtered and immediately injected into the HPLC system for dopamine, DOPAC, HVA, 3-MT, and ascorbic acid and uric acid determinations. HPLC with electrochemical detection was performed with a high-pressure pump Varian 9001 with a Rheodyne injector, column 15 cm × 4.6 mm i.d. TSK-ODS-80 TM, electrochemical detector BAS LC-4B, and integrator Spectra-Physics SP 4290 (39). The mobile phase was citric acid 0.1 M, K2HPO4 0.1 M, EDTA 1 mM, MeOH 5%, and sodium octylsulphate 70 mg/l (pH=3.0); the flow rate was 1.2 ml/min and 10 µl of sample were injected. The second aliquot was adjusted to pH 7.0 with K2HPO4 45% and DL-homocysteine 1% was added to reduce DHAA to ascorbic acid. The sample was incubated for 30 min at 25°C, then adjusted to pH 3.0 with metaH3PO4 30%, filtered and injected (20 µl) for total ascorbic acid determination. DHAA concentration was calculated from the difference in ascorbic acid content between the first and second aliquot (39). High-affinity [3H]dopamine uptake assay To investigate the ability of Wt and GR-deficient mice to recover from MPTP neurotoxic effects, mice (five animals/group) were given a single MPTP injection (55 mg/kg intraperitoneally), according to Ho and Blum (38). Mice were killed 1, 7, 11, and 21 days after MPTP injection. Left and right striata were homogenized in ice-cold pre-lysis buffer (10 mM Tris, pH 7.5, and 0.32 M sucrose) by using a Teflon pestle-glass mortar and homogenized tissue centrifuged for 10 min at 1000 × g at 4°C to remove nuclei. The supernatant containing the synaptosomes was collected, aliquots were removed for the determination of protein concentration and dopamine uptake (total high affinity and mazindol noninhibitable). Supernatant (50 µl) was diluted in Krebs-Ringer phosphate buffer (16 mM NaH2PO4, 16 mM Na2HPO4, 119 mM NaCl, 4.7 mM KCl, 1.8 mM CaCl2, 1.2 mM MgSO4, 1.3 mM EDTA, and 5.6 mM glucose; pH 7.4) and incubated at 37°C in the presence or absence of mazindol (10 µM), a high-affinity dopamine uptake inhibitor. [3H]Dopamine (25 nM, specific activity, 20–40 Ci/mmol; Amersham, Arlington Heights, IL) was added in Krebs-Ringer buffer and incubation was carried on for 6 min at 37°C. Synaptosomes were collected on presoaked nitrocellulose filters by filtration and non-specific radioactivity was washed with Krebs-Ringer phosphate buffer followed by filtration. The filters were then transferred into scintillation vials and measured by liquid scintillation (Cytoshint; ICN, Costa Mesa, CA) counter (Packard). Specific high-affinity neuronal dopamine up-take is expressed as fentomoles of dopamine uptake per microgram of protein minus the fentomoles of mazindol uptake. Values are represented by the changes in dopamine uptake (expressed as percent of control). Proteins were measured by the method of Lowry et al. (55).



Immunocytochemistry On the day the mice were killed (six mice/experimental group), they were anesthetized by intraperitoneal injection of Nembutal (50 mg/kg). Mice were rapidly perfused transcardially with 0.9% saline, followed by 4% paraformaldehyde in phosphate buffer (pH 7.2 at 4°C). Brains were carefully removed and post-fixed for 2–4 h, in 4% paraformaldehyde in phosphate buffer (pH 7.2) and placed in 15% sucrose in the solution of phosphate buffer overnight at 4°C. Tissues were frozen at –80°C. Serial cryostat sections (10 µm, from the olfactory bulb to the end of the medulla), were collected, mounted on poly-L-lysine-coated slides and processed for immunocytochemistry (56–58). Identification of the level was made by comparison with the sections of the mouse brain (59). All immunostaining procedures were performed on sections incubated in blocking buffer (0.3–0.5% Triton X-100, 5% BSA, and 5% serum in PBS) for 30 min followed by an overnight incubation with the following primary antibodies in blocking buffer at 4°C: (i) tyrosine hydroxylase (TH; goat polyclonal, anti-TH, Santa Cruz Biotechnology, Santa Cruz, CA) as a marker of dopaminergic neurons 1:200; (ii) glial fibrillary acidic protein (goat polyclonal, anti-GFAP, Santa Cruz Biotechnology) 1:100; (iii) rabbit anti-GFAP, DAKO, DK-2600 Glostrup, Denmark) for astrocytes 1:200; (iv) membranolytic attack complex of complement (rat monoclonal, anti-mouse Mac-1/CD11b, PharMingen International, Becton Dickinson, San Jose, CA) for activated macrophages/microglia 1:100; (v) inducible nitric oxide synthase (rabbit polyclonal, anti-iNOS, Santa Cruz Biotechnology) 1:100; and (vi) nitrotyrosine (rabbit anti-NT, Upstate, Lake Placid, NY) 1:200, to reveal nitrosative reactions. All antibodies, whether used for single or dual labeling procedures, were visualized by immunofluorescence (56–58), TH-Ab was also visualized by using immunoperoxidase (for single labeling stereological quantitation). Sections were incubated overnight at 4°C with the indicated dilutions of the antibodies, either alone or in combination as described. After three (× 5 min) washes in PBS, primary antibodies were revealed with specific FITC and CY3 conjugated secondary antibodies 1:100–1:200 dilution. (60 min at room temp). After three (× 5 min) washes in PBS, cells were mounted with Gel mounting solution (Biomeda Corp. Foster City, CA). In all of these protocols, blanks were processed as for experimental samples except that the primary antibodies were replaced with PBS. For quantification of TH-IR neurons, striatal and mid-brain 10 µm coronal sections [bregma 1.34 mm to bregma –0.82 mm for striatum; bregma –2.46 mm to bregma –3.88 mm for SN according to Franklin and Paxinos (59)], were counterstained with the nuclear counterstain Methyl Green (Vector Laboratories Inc. Burlingame, CA). All sections (from Wt and Tg mice) were stained simultaneously by using the same solutions and conditions. The total number of TH-IR cell bodies was estimated and examined in a blind fashion (60). Confocal laser microscopy and image analysis Sections labeled by immunofluorescence were visualized and analyzed with a confocal laser scanning microscope LEICA TCS NT (Version 1.0, Leica Lasertechnik GmBH, Heidelberg, Germany), equipped with an argon/krypton laser using 10, 20, and 40, and 100 × oil-immersion objectives (56–58). Pinhole was set at 1–1.3 for optical sections of 0.48–0.5 µm. Single lower power scans were followed by 16 to 22 serial optical sections of 4–6 fields per section. Laser attenuation, pinhole diameter, photomultiplier sensitivity, and off-set were kept constant (56– 58). Analyses were performed by a researcher blind to the experiment.



Isolation and culture of brain macrophages/microglia In brain injury, reactive microglia lose their characteristic ramified shape, express macrophage phenotypic markers, exhibit macrophage-like characteristics, and secrete a number of cytotoxic mediators, including NO (19–21). To investigate the effect of MPTP on macrophage/microglia NO production, Wt and GR-deficient mice were killed by quick decapitation at various times after saline or MPTP treatment, starting from 6 h after the first MPTP injection, as indicated. Brains were rapidly dissected under sterile conditions, and activated macrophages/microglia were isolated by means of adherence to plastic well, according to described previously methods (50, 61–63). The isolated adherent cells were collected and cultured in RPMI 1640, supplemented with 1 mM L-glutamine, 0.5% HEPES (Flow Laboratories Irvine, UK) penicillin G, (100 U/ml) streptomycin (100 µg/ml), and 10% heat-inactivated FCS, in 24-well plates at 37°C. Cells were immunoreacted for activated macrophage/microglial-specific (Mac-1/CD11b, major histocompatibility Class II MHC) and non-specific (GFAP for astrocyte, galactocerebroside, GAL-C, for oligodendrocyte, or neurofilament, NF, for neuron) markers. The cells were either cultured for 48 h alone or in the presence of lipopolysaccharide (LPS), as described (50). After 48 h the supernatants of the cells were collected for measurement of nitrites. Subsequently, the number of cells was determined after harvesting by trypsinization in Ca/Mg-free PBS and washing in RPMI media. Viability of the cells was determined by means of trypan blue exclusion. The nitrite content of the culture supernatant was corrected for the number of isolated cells afterwards. GR binding capacity GR binding capacity was evaluated in macrophage/microglial cultures isolated as above, at different time-intervals after MPTP treatment, as described previously in full details (40–44). Briefly, cells were harvested by scraping into Earl’s balanced salt solution and washed twice. The pellet was resuspended in 1.5 volumes of 10 mM HEPES, 1 mM EDTA, and 10 mM sodium molybdate, pH 7.4, and ruptured with a Dounce homogenization. Homogenates were centrifuged at 105,000 × g for 45 min at 0°C. Binding to cytosolic GR was determined by incubation in duplicates with [3H]dexamethasone (70 Ci/mmol; Amersham Pharmacia Biotech, Germany) at concentrations ranging from 0.5 to 40 nM for 20–24 h at 4°C. The amount of non-specific binding was determined in parallel incubations of the labeled steroid in the presence of 500-fold excess of the specific GR competitor, unlabeled RU 28362 (New England Nuclear-DuPont, Boston, MA). Sephadex-LH-20 (Pharmacia Biotech, Uppsala, Sweden) columns equilibrated with TEDGM buffer were used to separate bound from unbound steroid (40, 43). Radioactivity was counted in a Packard scintillation counter at 55% efficiency. Protein content was determined according to the method of Lowry (55) by using BSA as a standard. Specific binding calculated as the difference between total and non-specific binding (fentomoles of [3H]dexamethasone bound per mg protein) are expressed as fmol/mg protein. Total binding (Bmax) and binding affinity (Kd) were derived by Scatchard analysis (40, 43; Table 2). Cell treatments The effect of LPS (100 ng/ml) activation was studied either in the absence or the presence of the NO synthase (NOS) inhibitors; N(ω)-nitro-L-arginine methylester (L-NAME), N(g)monomethyl-L-argine (L-NMMA), the inactive enantiomer N(g)monomethyl-D-arginine, the



specific inhibitor of inducible NOS, (iNOS), L-N6-(1-iminoethyl)-lysine (L-NIL) (64, 65), at 2 µg to 2.0 mg/ml, or corticosterone at 10−11–10−6 M. These studies were also performed in absence or presence of the GR antagonist Mifepristone, RU486 [(17β-hydroxy-11-β(4-dimethylaminophenyl)17α(propynil)-estra-4,9-dien-3-one) at a concentration of 10−6 M (kindly provided by Roussel Uclaf, Hoechst, France). After 24 h, the supernatants were collected for nitrite analysis. Nitrite assay The production of NO, as measured by the formation of the stable decomposition product nitrite, was determined in cell-free supernatant (50). Briefly 100 µl of supernatant was mixed with 100 µl Griess reagent [1% sulfanilamide plus 0.1% N-(1)naphtylethylenediamine in 2.5% H3PO4]. After 10 min at RT, the optical density at 540 nm was measured. In parallel, a sodium nitrite standard curve (1–200 µM) was generated. Samples were tested in triplicate and results represent the mean ± SE. of at least six mice/group. L-NIL



oral administration



To examine the effect of iNOS inhibition in vivo during the early phase of MPTP treatment, Wt and GR-deficient mice were given the specific iNOS inhibitor, L-NIL. was added to the drinking water (100 µg/ml; 50, 66) starting 24 h before the first MPTP injection and continuing for 10 consecutive days. Solutions were prepared daily, fluid consumption in both L-NIL treated and untreated mice was monitored due to possible changes in water consumption, and doses of L-NIL were adjusted accordingly (50, 66). Groups of healthy Wt and Tg mice received L-NIL for 10 consecutive days. On Day 7 after MPTP discontinuance, groups of saline and L-NIL treated mice were anesthetized and perfused as above, and the brains were post-fixed and cryoprotected for TH immunocytochemistry (five mice/group). Part of the mice (six mice/group) were killed by quick decapitation, and the left and right striatum were rapidly dissected and processed for high-affinity dopamine up-take. Isolation and processing of brain macrophages/microglia was performed in groups (six mice/group) of saline- and L-NILtreated mice and nitrite production measured in supernatants as described. L-NIL



Statistical analysis Data were analyzed by means of two-way ANOVA (ANOVA), with group and time as independent variables and given as mean ± SE. Striatal neurochemical data were expressed in nanomoles or picomoles per milligram per protein. Comparisons a posteriori between different experiments were made by Student-Newman-Keuls t-test. RESULTS Lifelong GR deficiency exacerbates MPTP-induced toxicity to dopaminergic neurons Time-dependent changes of striatal neurochemical parameters One day After MPTP discontinuance, striatal dopamine, DOPAC, and HVA levels had significantly decreased in both Wt and Tg mice, as compared with controls. However, decreases in GR-deficient mice were significantly greater than their Wt counterparts. Hence, striatal



dopamine, DOPAC, and HVA levels had reduced by 68, 53, and 38%, compared with 85, 66, and 50% in GR-deficient mice, respectively (Fig. 1A–C). Consequently, striatal (DOPAC+ HVA)/dopamine ratio, which is a reliable index of DA turnover, had significantly increased in GR-deficient compared with Wt (Fig, 1E). 3-MT levels, which can be assumed to be an index of dopamine release (67), had significantly decreased by ~40% in both Wt and GR-deficient mice (Fig. 1F). However, the latter had basal levels of 3-MT significantly lower (by ~26%) than Wt counterpart. In contrast, 5-HT (Fig. 1D) and 5-HIAA levels (data not shown) were in the range of the control values in both GR-deficient and Wt mice. Ascorbic acid levels were unaffected in both GR-deficient and Wt mice (Fig. 2A), whereas DHAA had significantly increased by ~57% (Fig. 2B), with a consequent increase by ~64% in the DHAA/ascorbic acid ratio (Fig. 2C). Ascorbic acid has been proposed recently as an ultimate neuronal sink for radicals generated during metabolic activity of the nigro-striatal dopaminergic system (40). In addition, the DHAA/ascorbic acid ratio can be assumed as a reliable index of the ascorbic oxidative status and reactive oxygen species (ROS) formation (68). Thus, the increase in the DHAA/ascorbic acid ratio only in GR-deficient mice indicates an early increase in the ascorbic acid oxidative status, most likely as a consequence of increased ROS generation. Seven days after MPTP discontinuance At this time point, decreases in striatal dopamine (66%), DOPAC (58%), and HVA (41%) in Wt mice were in the range of those of Day 1, as opposed to GR-deficient mice exhibiting a further reduction (by 92, 83, and 67%, respectively; Fig. 1A–C). The (DOPAC+HVA)/DA ratio in Wt mice was still in the range of control values, as opposed to GR-deficient mice exhibiting a further (sixfold) increase, compared with controls Fig. 1E). In addition, 3-MT levels showed a significant trend to recovery (P 
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