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      Abstract


      Myracrodruon urundeuva Fr. All. (Anacardiaceae) is largely used, by the Northeast Brazil population, for its anti-inflammatory actions, already confirmed by experimental studies. In addition, this medicinal species presents neuroprotective properties, as demonstrated by in vitro and in vivo Parkinson's disease models. The trunk bark of M. urundeuva is a rich source of bioactive polyphenol compounds, as tannins and chalcones considered precursors of flavonoid biosynthesis. Not only the standardized plant extract, but also its isolated compounds present analgesic and anti-inflammatory effects, observed in acute models of nociception and inflammation in rodents. Besides, due to their anti-inflammatory and antioxidant activities, chalcones drastically inhibit myeloperoxidase (MPO) activity and have been effective in an allergic conjunctivitis model. Possibly, all these effects of M. urundeuva are involved with the neuroprotection offered by the standardized extract, SEMU (rich in chalcones), and isolated compounds, in rat mesencephalic cells exposed to 6-OHDA and in the classical hemiparkinsonian model of Parkinson's disease induced by 6-OHDA in rats. We showed that the standardized extract reverted behavioral (apomorphine-induced contralateral rotations) and neurochemical alterations (striatal monoamine concentrations, as well as DAT and TH immunostainings) observed in 6-OHDA-lesioned animals and protected glia cells. The extract significantly decreased striatal iNOS, COX-2, TNF-alpha and NF-kB immunostainings and, more importantly, HDAC immunostaining. All together, these data indicate the benefits of M. urundeuva for inflammation related pathologies and may stimulate translational studies focusing on its use for the prevention or treatment of neurodegenerative disorders as Parkinson's disease.
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      Parkinson's Disease: The Neuroinflammation Involvement in this Neurological Disorder


      Affecting more than 7 million people worldwide [1], Parkinson's disease (PD) remains cureless, leading patients to death in approximately 16-years after the onset of symptoms [2]. In spite of the large number of possibilities in pharmacological and non-pharmacological treatments, these offer only symptomatic relieve to patients. Hence, the first effective therapeutic option available, Levodopa, remains the most effective one, despite not altering the natural history of the disease [3].


      Although the refinement of the pharmacological treatment, achieved over the years, reflects a significant improvement in the quality of life of those affected by the pathology, research is focusing on efforts to the discovery of effective neuroprotective strategies against the PD's progression. PD is characterized by the loss of dopaminergic neurons and the presence of alpha-synuclein in the substantia nigra pars compacta (SNPc). Clinical and preclinical studies, as well, support a role of neuroinflammation in the PD pathophysiology, pointing to chronic neuroinflammation as one of the hallmarks of the diseasy [4,5]. Importantly, neuroinflammation is considered a target for neuroprotection actions [6], thus, neuroprotective agents, mainly those from natural sources, could be potential agents to be used for PD prevention and treatment.


      Slowing down or even disrupting the processes that culminate in neuronal death, presuppose a reasonable understanding of these events. Furthermore, the lack of the necessary knowledge hampers the development of a rational neuroprotective therapy, which could be favored by the necessary comprehension of what triggers neurodegeneration. Nevertheless, the knowledge of some processes involved in neuronal death facilitates the planning of therapeutic strategies capable of delaying the disease evolution [7].


      Among the targets for neuroprotective therapy, we can mention oxidative stress, mitochondrial dysfunction, excitotoxicity and neuroinflammation [8,9], the latter being much studied by investigators working on the neuroprotective actions of medicinal plants [10]. Phytochemicals are bioactive components of medicinal plants. They are usually secondary metabolites, known to prevent age associated declines in cognitive and motor functions, among others [11,12] that are, at least partly, due to their antioxidant and anti-inflammatory properties.


      Although some neuroprotective agents show promising effects in preclinical studies, they should be submitted to well designed clinical trials, in order to provide reliable translational data [13,14]. In this sense, several teams of investigators are working on potential neuroprotective treatments for PD, focusing on novel therapeutic targets, including drugs with antioxidant and anti-inflammatory actions [15]. The majority of neuroprotective agents are antioxidants and, many of them, bioactive components of medicinal plants [16].


      Neuroprotective drugs should present the ability to reverse or prevent some of the damage leading to neuronal cell degeneration. Thus, neuroprotection refers to strategies and mechanisms that lead to a relative preservation of the neuronal integrity and to a reduction in the rate of neuronal loss over time. On the contrary, the neurotoxicity leading to neuronal injury may result in motor incoordination and cognitive dysfunction. Investigations of new neuroprotective drug development focus on mechanisms implicated in protein accumulation, oxidative stress, neuroinflammation and dopamine deficits in PD [17].


      Acute neuroinflammatory processes, whether innate or adaptive, have a protective action in neuronal homeostasis; however, when becoming chronic, these processes trigger cascades that lead to neurodegeneration. Although it is not known whether neuroinflammation is a cause or a consequence of neuronal death, research, both in vitro and in vivo, has already shown the benefits of anti-inflammatory therapy in neural protection [18,19], including the potential of medicinal plants as neuroprotection agents [20]. This perspective led us to study Myracrodruon urundeuva Fr. All. (Figure 1), a medicinal plant widely used in Northeastern region of Brazil, due its anti-inflammatory and healing actions.


      
        Figure 1: Myracrodroun urundeuva. The stem with its characteristic bark, source of several active principles responsible for the plant pharmacological actions. View Figure 1

      


      Myracrodruon Urundeuva: Neuroprotective Potential on PD


      The medicinal species M. urundeuva belongs to the Anacardiaceae family and is popularly known as "Aroeira-do-Sertão". The ethnopharmacological study has initiated by the observation of the use of its stem bark for the treatment of gynecological diseases, such as cervicitis, due to its anti-inflammatory properties. These actions were supported by clinical studies that resulted in a specific pharmaceutical preparation, available, in Brazil, for more than 25 years [21].


      The success of this treatment guided preclinical studies, aiming at the knowledge of the medicinal properties, as well as the possible mechanisms of action involved in the pharmacological action of the plant. This initial pharmacological screening resulted in the discovery of peripheral antiallergic, anti-inflammatory, analgesic, antiulcer and antioxidant properties attributed to that medicinal plant [22-26]. Recently, we also observed by the first time the antidiabetic and hipolypidemic effects of the stem bark decoction from a cultivated specimen of M. urundeuva [27]. Furthermore, guided by the knowledge of the pathophysiological processes involved in PD, we decided to investigate whether the effects observed on the periphery would be reproduced at the level of the central nervous system.


      We started the study by testing the neuroprotective activity of a fraction rich in chalcones, the major component of the plant extract. Chalcones are aromatic ketones and intermediates in flavonoid biosynthesis. They form a central core for a variety of important biological compounds and possess different activities, like antibacterial, antifungal, anti-inflammatory, antioxidant and antitumor, among others [28-30]. Chalcones are one of the largest classes of natural products, being studied with enthusiasm and already used in the medical clinic for the treatment of pain, gastric ulcer, liver and heart problems [31-35].


      Thus, the chalcone-enriched fraction (CEF) of the stem bark from M. urundeuva was tested in vitro in rat mesencephalic cells exposed to 6-hydroxydopamine (6-OHDA). This neurotoxin causes dopaminergic degeneration by mechanisms related to mitochondrial dysfunction, specifically in the I and IV complexes, leading to oxidative stress and consequent neuronal death [36]. At concentrations ranging from 1 to 100 μg/ml, CEF was able to increase the cell viability index, as determined by the 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium test (MTT), in a concentration-dependent manner. The cell death was also evaluated by the fluorescence technique, using acridine orange and ethidium bromide (AO/EB) staining assays, observing the apoptotic pattern reversion in cells treated with CEF (Figure 2).


      
        Figure 2: Apoptotic pattern of rat mesencephalic cells pre-incubated with 100 ng/mL CEF and exposed to 6-OHDA for 24 h. Pathophysiological features of apoptosis and necrosis were observed after treatment with (b) 40 and (c) 200 µM 6-OHDA, respectively. (a) Untreated cells, (d) CEF treated cells, (e) CEF treated cells 3 h before 6-OHDA exposure did not show apoptotic or (f) Necrotic characteristics. The cells were stained with acridine orange/ethidium bromide (×400). View Figure 2

      


      These results were corroborated by immunostaining for DAT, the dopamine transporter, and TH, the tyrosine hydroxylase, this which is one the key enzymes in the catecholamine biosynthesis. CEF was able yet to decrease nitrite formation and to inhibit lipid peroxidation in mesencephalic cells, evidencing the antioxidant effect as one of the neuroprotection mechanisms [37,38].


      Three dimeric chalcones, denominated A, B and C urundeuvines, were isolated from the CEF (Figure 3). The arrangement of the hydroxyl groups found in the dimethyl chalcones is also related to their anti-inflammatory action, whose inhibition of 5-lipoxygenase is dependent upon the C-ring hydroxylation [39]. Whereas oxidative stress and neuroinflammation form a vicious cycle that amplifies the neurodegeneration process and adds to the indications of antioxidant and anti-inflammatory effects of the plant, we decided to carry out tests for evaluating whether the neuroprotective potential observed in the mesencephalic cell culture could be reproduced in vivo.


      
        Figure 3: Urundeuvines A, B and C (from left to right). The polyhydroxylated structures of these chalcones are related to free radical scavenging, ensuring antioxidant activity to the compounds. View Figure 3

      


      Thus, Wistar rats (weighing approximately 250 g) previously anesthetized with ketamine (80 mg/kg, i.p.) and xylazine (20 mg/kg, i.p.) were submitted to stereotaxic surgery for the unilateral intrastriatal administration of 6-OHDA, according to a method previously described [40]. The drug, a standardized hydroalcoholic extract of Myracrodroun urundeuva (SEMU), at doses of 10, 20 and 40 mg/kg, was administered orally for 14 days, starting one hour before surgery.


      At the end of treatment, the apomorphine-induced rotational behavior test was performed. Apomorphine is a dopaminergic agonist that, once administered to animals with unilateral striatal lesions, causes stereotyped rotational movements in the contralateral direction to the lesion. This test is widely used for evaluating the functional efficacy of the PD induction model, as well as to predict the possible neuroprotective action of drugs that can reduce the stereotypy of the animal [41].


      The groups lesioned with 6-OHDA and treated with SEMU (20 or 40 mg/kg, p.o.) decreased significantly, in a dose-dependent manner, by 79 and 87%, respectively, the number of contralateral rotations/h, relatively to the untreated 6-OHDA-lesioned group. The sham operated group did not present stereotyped rotations.


      The presumable neuroprotective effect of SEMU was confirmed by the determination of dopamine (DA) levels, through high-performance liquid chromatography (HPLC). When compared to the injured animals, those treated with SEMU presented significantly higher levels of DA in the lesioned striata (Table 1).


      
        Table 1: Striatal levels of dopamine (DA) and DOPAC (ng/g tisuue). View Table 1

      


      The maintenance of DA levels is of primary importance for new pharmacological options in antiparkinsonian therapy, considering that the symptoms of the disease, as well as its evolution, are directly related to dopaminergic depletion in the nigrostriatal pathway. Through the histological technique of cresyl violet, the viability of the striatal neurons was possible to observe microscopically, with the finding of a large number of viable and preserved cells, approximately 2.1 times in the animals treated with SEMU 40 mg/kg, when compared to those that did not receive the treatment. Immunostaining for TH was also performed and the results corroborate with those previously found, being possible to observe an increase of almost 13 times in enzyme labeling, in the animals receiving SEMU at its highest dose.


      The extract standardization evidenced a large amount of phenolic compounds, presenting 13.3% of total polyphenols. These substances have been studied for their neuroprotective activity, after considering the anti-inflammatory and antioxidant actions of curcumin and green tea catechins on the central nervous system [42]. This scenario directed our research to the evaluation of the neuroprotection mechanism of action observed in SEMU, focusing on the nigrostriatal pathway inflammation established in the 6-OHDA model. Considering that the neuroinflammatory process is completely associated with mediators released by glia cells, we performed immunostaining for GFAP and OX-42, in order to verify the presence of astrocytes and activated microglia, respectively.


      Microglia are more numerous in basal ganglia and substantia nigra, in rats, making these regions more susceptible to inflammatory aggressions, an important factor for success in establishing the model of parkinsonism [43,44]. Activated microglia and subsequent neuroinflammation have been consistently associated with PD and also identified in brain regions most affected by this disease [45,46]. Microglia have an important role in homeostasis and neural protection. When overactivated, as a result of injuries and immunological stimuli [47,48], microglia become neurotoxic through mechanisms involving the excessive formation of free radicals and the increase in inflammatory mediators expression [49]. 6-OHDA is able to induce striatal microgliosis, from the second hour after the exposure to the cells, this effect persisting for weeks [50]. The extract, at the doses used, was able to inhibit microglia activation, relieving the process of neurodegeneration. Taking into account that the neurotoxicity caused by microglia activations is usually progressive, increasing and accelerating neuronal damage [51], agents capable of inhibiting or decreasing this activation are suitable for clinical trials, aimed at the discovery of new neuroprotective agents.


      The means by which microgliosis improves neurodegeneration consist of the release of proinflammatory mediators, such as TNF-alpha, IL-1B, NO, and COX-2, which amplify the neuroinflammation/oxidative stress cascade, by accelerating the neurodegenerative process [52]. The striatal analysis revealed that the animals treated with SEMU presented marked reduction of the neuroinflammatory process. The immunostainings for mediators, such as TNF-alpha, COX-2 and iNOS, in addition to the NF-kB transcription factor (Figure 4), were shown to be much more tenuous in the striatum of animals treated with the extract of M. urundeuva, proving its central anti-inflammatory action [53].


      
        Figure 4: Effects of SEMU (40 mg/kg) on neuroinflammation indicators in striata from animals submitted to the unilateral 6-OHDA injury. The immunohistochemical labeling shows a significant decrease in neuroinflammation in the treated animals (×400).

        SEMU: Myracrodruon urundeuva Hydroalcoholic Extract; 6-OHDA: Hydroxydopamine; SO: Sham operated. View Figure 4

      


      Nevertheless, NF-κB, known as the major transcriptional factor of a wide range of cytokines, shows its pathway activation much more pronounced in patients with PD. Furthermore, NF-kB is an important target in the reduction of neuroinflammation and oxidative stress. The inhibition of microglia activation associated with the reduction of NF-kB activation are probably the main factors responsible for plant-mediated neuroprotection [54]. In additional tests, we have shown that the same extract is able to inhibit the brain histone deacetylases (HDACs), which are involved with epigenetic mechanisms and activation of neuronal survival genes, promoting the protection of dopaminergic neurons in PD [55].


      Chalcones are one of the bioactive components present in M. urundeuva extracts and responsible for some of the biological activities of this plant. In addition, chalcone derivatives were shown to be neuroprotective, through the downregulation of tau protein phosphorylation and insoluble Aβ peptide formation, involved with the pathogenesis of Alzheimer's disease, a neurodegenerative disease as PD [56]. Furthermore, HDACs inhibitors have been shown to be neuroprotective, both in vitro (astrocyte assays) and in vivo models (rat traumatic brain injury and brain ischemia models) [57,58].


      Conclusion


      Taking together, all these findings indicate that SEMU appears to be a promising agent of natural origin for protection against PD and neurodegeneration. Neuroinflammatory events are known to be present in neurodegenerative diseases, including PD. They are involved with the dopaminergic neuronal loss and constitute a potential target for neuroprotection. However, it is not known whether neuroinflammation is the primary cause of neurodegeneration, but certainly its presence may contribute to the continued loss of dopaminergic neurons [59]. There are, however, still unanswered questions related to the concentrations of phytochemicals able to cross the blood brain barrier, as well as their quality, that could interfere with the final results [60]. Despite of all these problems, translational studies dealing with anti-inflammatory medicinal plants as M. urundeuva and its bioactive components should be highly stimulated and could focus on their use for the prevention and treatment of neurodegenerative diseases as PD.
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