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BACKGROUND

Parkinson’s disease (PD) is the second most common neurodegenerative 
disorder and the first on movement disorders worldwide, afflicting about 

5% of people over 85 years of age. The pathology of PD is characterized by a 
progressive loss of dopaminergic neurons in the substantia nigra pars compacta 
(SNpc), associated instead of to the degeneration of projecting nerve, leading 
to the cardinal features of disease as tremors, muscular rigidity, bradykinesia, 
and postural and gait abnormalities (1).

Despite having been implemented in the 60’s, levodopa remains the “gold 
standard” anti-Parkinson therapy. However, its use leads to complications, 
such as highly disabling fluctuations of motor activity and dyskinesias (2,3). 

All other options of treatment are merely palliative and neuroprotective 
therapies, but the cure of PD remains an unrealized goal. This, in part, 
may reflect a misunderstanding of the cause of neuronal death in PD. 
Among several reputed factors that contribute to PD pathogenesis, 
inflammatory mechanisms may play an important role (4,5). It has been 
clearly demonstrated, in cerebral spinal fluid and blood of PD patients, high 
concentrations of pro-inflammatory cytokines, as well as enzymes associated 
with inflammation, such as inducible isoform of nitric oxide synthase 
and cyclooxygenase-2 (6). This abnormal production of pro-inflammatory 
mediators by activated microglia and astrocytes may act as an environmental 
stressor to promote progressive degeneration of dopaminergic neurons 
(7). The activated microglia may trigger an active self-perpetuating cycle of 
oxidative stress and chronic neuroinflammation (8). Reactive oxygen species 
(ROS) act as secondary messengers capable of modifying gene expression 
in microglia-associated neurodegenerative diseases by activating mitogen 
activated protein kinases (MAPKs) and transcription factors, as nuclear 
factor-kB (NF-kB) (9-11). Considering neuroinflammation and oxidative 
stress as some of the active or main driving forces in the neurodegenerative 
process of PD, the search of effective therapeutic strategies for its treatment 
is of paramount importance. Myracrodruon urundeuva Fr. Allemão, known 
as ‘aroeira do sertão’ in the Brazilian Northeastern region, belongs to the 
Anacardiaceae family and is widely used in popular medicine for treatments 
of pain and infections, especially in the genitourinary tract. Recent 

studies have demonstrated the neuroprotective and antioxidant effects of 
compounds isolated from M. urundeuva stem bark extracts (12). Previous 
research showed the potent anti-inflammatory activity from M. urundeuva 
stem bark and we have shown that fractions rich in chalcones and catechic 
tannins are somewhat involved with the pharmacological activity of the plant 
(13,14). Our group has previously demonstrated that the standardized extract 
and fractions are capable of decreasing microglia and astrocyte activations, 
in in vitro and in vivo experimental models of PD (15,16). In this context, 
the present study was designed to evaluate the neuroprotective and anti-
inflammatory potential effects of a standardized extract of M. urundeuva 
(SEMU) on induced neuroinflammation, in a model of Parkinson’s disease 
in rats. The present study focused on brain inflammatory enzymes, pro-
inflammatory cytokines, as TNF-alpha and histone deacetylases (HDACs), 
evaluated by immunohistochemistry assays, attempting to elucidate the 
SEMU’s mechanism of action.

MATERIALS AND METHODS

Drugs and reagents

Ketamine (5% Vetanarcol) and xylazine (2% Kensol) were purchased from 
König (Santana de Parnaíba, São Paulo, Brazil). 6-hydroxydopamine was from 
Sigma Aldrich (MO, USA). The antibodies were for immunohistochemistry 
assays were from Santa Cruz Biotechnology (CA, USA) or from Merck 
(Darmstadt, Germany). All other reagents were of analytical grade.

Plant material

Plants were collected near the city of Iguatu (Ceará state, Brazil) and 
identified by Professor Afranio Fernandes, of the Department of Biology of 
the Federal University of Ceará (UFC). It is presently cultivated in the UFC 
Medicinal Plant Garden and a voucher specimen is deposited at the Prisco 
Bezerra Herbarium, under the number 14,999.

Preparation of the fluid extract from M. urundeuva (SEMU)

The fluid extracts were prepared from stem and leaves of young plants 
(around 70 days of development), which were dried in the oven at 40°C 
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ABSTRACT

Myracrodruon urundeuva (Anacardiaceae) is a Northeast Brazil species 
popularly used for its anti-inflammatory properties. Considering the 
involvement of neuroinflammation in neurodegenerative diseases, the 
objectives were to evaluate the neuroprotective actions of a standardized 
extract from M. urundeuva (SEMU) on a Parkinson´s disease (PD) model, 
focusing on brain inflammatory targets. Male Wistar rats were anesthetized 
subjected to stereotaxic surgery and a unilateral striatal 6-OHDA lesion. The 
animals were divided into sham-operated (SO), untreated 6-OHDA-lesioned 
and SEMU (20 mg/kg and 40 mg/kg, p.o., 14 days) treated groups. The 

SO group (Control) was subjected to the same procedures, but injected with 
saline. Afterwards the animals were sacrificed and their brains processed 
for dopamine (DA) determination (striata) and immunohistochemical 
assays (striata and hippocampi) for COX-2, iNOS, TNF-alpha, NF-kB and 
HDAC. The data were analyzed by one-way ANOVA and Tukey as the post 
hoc test. The results showed a reversion of striatal DA contents in the SEMU 
treated, relatively to the untreated 6-OHDA group. SEMU decreased the 
immunostaining for COX-2, iNOS, TNF-alpha and NF-kB in striata and 
hippocampal areas. In addition, SEMU decreased hippocampal HDAC 
immunostaining, shown to be affected in PD. The results point out to the 
potential neuroprotective actions of SEMU, and its chalcone contents may 
be responsible for the observed effects.

Key Words: Myracrodruon urundeuva; Cyclooxygenase; Nitric oxide synthase; TNF-
alpha; NF-kB; Histone deacetylase; neuroprotection; Parkinson’s disease 
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(with air circulation), according to the Brazilian Pharmacopeia in 2010 as 
previously described (17). Briefly, the dried material (30 g) was grinded 
and submitted to two extractions. The first one used a mixture of Glycerol: 
Ethanol: H

2
O (1:6:3, v/v) for maceration of the dried material, for 6 h in a 

percolator, resulting in 24 mL of the extracted liquid material. The residue 
was submitted to a second extraction with a mixture of Ethanol: H

2
O (2:1, 

v/v), up to exhaustion. The resulting liquid was evaporated in a water 
bath at 60°C, until a syrup consistency. This syrup was added to the liquid 
material from the first extraction, the volume was completed to 30 mL with 
distilled water and the final mixture was filtered (17,18). The stem present 
as characteristic chemical markers dimeric chalcones such as urundeuvines 
A and B (Figure 1) isolated by preparative chromatography on a corn starch 
column. All the compounds had their spectral data identified by 13C NMR 
(Table 1). The stems showed by spectrometric assays 2.21% of total tannins 
expressed as galic acid equivalent.

Animals

Male Wistar rats weighing approximately 250 g from the Animal House of 
the Faculty of Medicine Estácio of Juazeiro do Norte (Ceará, Brazil) were 
divided into six groups (SO, untreated 6-OHDA and 6-OHDA treated with 
SEMU, at the doses of 20 and 40 mg/kg, p.o.), ranging from 5 to 9 animals.

The experimental protocol followed the one previously described (16). The 
doses were chosen based on a previous work (16). The treatments were carried 
by gavage (orogastric tube) and started 1 h after the stereotaxic surgery, 
continuing daily for 14 days. The sham-operated (SO) which represents the 
control group and the untreated 6-OHDA group were also orally administered 
with distilled water, under the same experimental conditions as those of the 
6-OHDA groups treated with SEMU. The animals were maintained in plastic 
cages, with food and water ad libitum, on a 12 h/12 h light/dark cycle, at a 
23°C temperature. All experiments were carried out according to the Guide 
for the Care and Use of Laboratory Animals, USA, 2011. The project was 
approved by the Ethics Committee on Animals Experimentation of the 
Faculty of Medicine of the Federal University of Ceará, under the number 
43/13.

Experimental model of Parkinson’s disease (PD)

This model consists of a unilateral intrastriatal infusion of 6-OHDA and 
involves a massive destruction of nigrostriatal dopaminergic neurons. It 
is largely used for investigating motor and biochemical dysfunctions in 
Parkinson’s disease (19). This model resembles the key features of human 
parkinsonian gait (20) and is known to induce a nigrostriatal lesion in 
rodents. In addition, it is of low complexity and cost, and the 6-OHDA-
induced lesion is highly reproducible, yielding degrees of nigrostriatal 
lesions that develop with different temporal profiles, depending upon the 
site of the neurotoxin injection (21). In the present study, the animals were 
anesthetized with ketamine (80 mg/kg, i.p.) and xylazine (20 mg/kg, i.p.) and 
the stereotaxic surgery was performed as previosly described (16). 

Dopamine (DA) contents determination by HPLC

We used the procedure previously described by Correia et al., 2016. Briefly, 
the right lesioned striata were utilized for preparing 10% homogenates in 
0.1 M HClO4, that were sonicated (30 s) and centrifuged at 4°C (15,000 
rpm, 15 min). The supernatants were filtered and 20 µL injected into 
the HPLC column (Shim-Pak CLC-ODS, 25 cm), with a flow of 0.6 mL/
min and coupled to an electrochemical detector (model L-ECD-6A, from 
Shimadzu, Japan). A mobile phase was prepared with monohydrated citric 
acid (150 mM), sodium octyl sulfate (67 mM), 2% tetrahydrofuran and 4% 
acetonitrile, in deionized water and the final pH adjusted to 3.0. DA was 
quantified by comparison with standards and the results expressed as ng/g 
tissue.

Immunohistochemistry for brain COX-2, iNOS, TNF-alpha, NF-kB and 
HDAC

The loss of dopaminergic neurons and neuroinflammation shown in PD is a 
chronic process, associated with a glial response composed of activated glial 
cells, including astrocytes and microglia (22,23). These assays were performed, 
as previously described (16), except for the primary antibodies. Thus, in the 
present study, TNF-alpha, COX-2, iNOS and NF-kB monoclonal antibodies 
were from Santa Cruz Biotecnology (CA, USA). The HDAC antibody 
(rabbit polyclonal IgG) was from Merck KGaA (Darmstadt, Germany). All 
antibodies were diluted according the manufacturers’ instructions. The data 
from 3 animals were analyzed by the Image J software (NIH, USA) in the 
Nikon Eclipse Ni microscope coupled to the DS Ri2 camera (for the capture 
of the entire image area). The results were expressed as optical density per 
field.

Statistical analysis

The results are expressed as means ± SEM. For multiple comparisons, the 
data were analyzed by one-way ANOVA, followed by Tukey as the post hoc test 
and significant results presented as q (the studentized range statistics) and p 
values. The results from the immunohistochemical assays were quantified 
by the Image J software (NIH, USA) and also analyzed by one-way ANOVA, 
followed by Tukey as the post hoc test.

RESULTS

DA contents in 6-OHDA lesioned striata in the untreated 6-OHDA groups 
and in SEMU treated groups (6-OHDA+SEMU20 and 6-OHDA+SEMU40). 
(Figure 2) shows that the 6-OHDA lesion (right striatum) causes a 70% 
reduction in DA contents, in relation to the SO group. Smaller decreases 
were demonstrated in lesioned right striata of the 6-OHDA groups, after 
SEMU treatments with the doses of 20 (40% decreases) and 40 mg/kg (23% 
decreases). These results point out to the neuroprotection afforded by SEMU 
treatments, in this PD model.

Immunohistochemistry for COX-2, iNOS, TNF-alpha and NF-kB in striata 
from 6-OHDA-lesioned groups, before (untreated 6-OHDA groups) and after 
SEMU treatments. Immunostaining for COX-2 revealed a 21-times increase 
in the untreated 6-OHDA group, compared with the SO group. However, 
this value was 15- and 2-times lower after SEMU treatments with the doses of 
20 and 40 mg/kg, respectively (Figure 3A). A 19-times increase was observed 
for iNOS immunohistochemistry in the untreated 6-OHDA-lesioned group, 
related to the SO group, while 5- and 4-times increases were observed 
after SEMU treatments (Figure 3B). Similar results were demonstrated, in 
the 6-OHDA-lesioned striata, for TNF-alpha immunostaining (19-times 
increase). However, the effects were lower after SEMU20 (16-times decrease) 
and SEMU40 (8-times decrease) (Figure 3C). Increases of 18-times were 
demonstrated in NF-kB immunostaining in untreated 6-OHDA-lesioned 
groups, compared with the SO group. On the other hand, decreases of 6- and 
1.7-times were observed after SEMU treatments with the doses of 20 and 40 
mg/kg, respectively (Figure 3D).

Immunohistochemistry for COX-2, iNOS and TNF-alpha in hippocampi 
from 6-OHDA-lesioned groups, before (untreated 6-OHDA) and after 
SEMU treatments. Immunostaining for COX-2 increased by 7-times in the 

Figure 1) Dimeric chalcones: Urundeuvine A and Urundeuvine B

 
Figure 2) SEMU treatments increase DA contents in the ipsilateral striata 
from 6- OHDA-lesioned rats, related to the untreated 6-OHDA groups (n=5 to 
9 animals per group). a. vs. SO, q=11.52, p<0.001; b. vs. 6-OHDA+SEMU20, 
q=4.238, p<0.01; c. vs. 6-OHDA+SEMU40, q=6.590, p<0.001; d. vs. SO, 
q=5.701, p<0.01; e. vs. SO, q=3.297, p<0.05 (One-way ANOVA and Tukey 
as the post hoc test)
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Figure 3) Representative photomicrographs showing reduced immunostaining for COX-2, iNOS, TNF-alpha and NF-kB (x400, scale bar=50 µm), in the ipsilateral 
striata from 6-OHDA-lesioned rats, after treatments with SEMU compared with the untreated 6-OHDA groups (n=3 animals per group). The relative optical density of the 
immunostaining data were quantified, using the entire image area, by the Image J software (NIH, USA). COX-2: a. vs. SO, q=33.23, p<0.001; b. vs. 6-OHDA+SEMU20, 
q=10.01, p<0.001; c. vs. 6-OHDA+SEMU40, q=31.11, p<0.001; d. vs. SO, q=20.76, p<0.001; e. vs. 6-OHDA+SEMU40, q=18.79, p<0.001. iNOS: a. vs. SO, q=27.71, 
p<0.001; b. vs. 6-OHDA+SEMU20, q=22.09, p<0.001; c. vs. 6-OHDA+SEMU40, q=23.38, p<0.001; d. vs. SO, q=5.725, p<0.05. TNF-alpha: a. vs. SO, q=27.29, 
p<0.001; b. vs. 6-OHDA+SEMU20, q=5.298, p<0.05; c. vs. 6-OHDA+SEMU40, q=17.15, p<0.001; d. vs. SO, q=20.57, p<0.001; e. vs. 6-OHDA+SEMU40, q=11.09, 
p<0.001. NF-kB: a. vs. SO, q=43.23, p<0.001; b. vs. 6-OHDA+SEMU20, q=27.61, p<0.001; c. vs. 6-OHDA+SEMU40, q=40.99, p<0.001; d. vs. SO, q=12.41, 
p<0.001; e. vs. 6-OHDA+SEMU40, q=12.51, p<0.001 (One-way ANOVA and Tukey as the post hoc test). 

CA3 subfield; in untreated 6-OHDA groups compared with the SO group. 
Five- and only 2-times increases were observed in this region, after SEMU 
treatments with the doses of 20 and 40 mg/kg, respectively (Figure 4A). The 
untreated 6-OHDA group showed a high immunostaining for iNOS in the 
CA3 area, compared with the SO group (almost 300%). This value went 
down to 206% and to only 35% after SEMU treatments with the doses of 
20 and 40 mg/kg, respectively (Figure 4B). The neurotoxin 6-OHDA also 
increased by 28-times TNF-alpha levels in the CA3 hippocampal subfield, 
compared with the SO group. This increase was of only 10-times in the 6-OHDA 
group after SEMU treatment with the dose of 40 mg/kg (Figure 4C).

Immunohistochemistry for histone deacetylase (HDAC) in hippocampi 
and temporal cortices from 6-OHDA-lesioned groups, before (untreated 
6-OHDA) and after SEMU treatments. HDACs are known to reduce gene 
expression and regulate protein clearance. Inhibitors of HDACs have been 
reported to be potentially efficacious in neuredegenerative pathologies, 

including Parkinson’s disease (24-26). We showed a 94-times increase in 
immunostaining for HDAC in the CA1 subfield, in 6-OHDA lesioned 
animals, related to the SO groups. This value decreased to 7- and 5-times 
in the 6-OHDA lesioned group, after the treatments with SEMU, 20 and 
40 mg/kg (Figure 5A). Similar, although higher values were observed in the 
CA3 subfield, with increases of 197-times in untreated 6-OHDA-lesioned 
groups. These values dropped to 60- and 20-times increases after treatments 
with SEMU at the doses of 20 and 40 mg/kg, respectively (Figure 5B). 
The untreated 6-OHDA lesioned group presented increases in HDAC 
immunostaining (14-times increase) in the dentate gyrus, compared to the 
SO groups, while SEMU treatments, at the doses of 20 and 40 mg/kg, 
showed only 8- and 2-fold increases, respectively (Figure 5C).

In addition, a 23-times increase in HDAC immunostaining was shown in TC, 
in the untreated 6-OHDA lesioned groups, compared with the SO group. 
This value decreased to 17- and to 7-times after treatments with SEMU, at 
the doses of 20 and 40 mg/kg (Figure 6).
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Figure 4) Representative photomicrographs showing reduced immunostaining for COX-2, iNOS and TNF-alpha (x400, scale bar=50 µm), in CA3 areas from 6-OHDA-
lesioned rats after SEMU treatments, compared to the untreated 6-OHDA groups (3 animals per group). The data were quantified, using the entire image area, by the 
Image J software (NIH, USA). COX-2: a. vs. SO, q=15.21, p<0.001; b. vs. 6-OHDA+SEMU20, q=5.924, p<0.01; c. vs. 6-OHDA+SEMU40, q=12.97, p<0.001; d. 
vs. SO, q=8.162, p<0.001; e. vs. 6-OHDA+SEMU40, q=6.082, p<0.01. iNOS: a. vs. SO, q=62.57, p<0.001; b. vs. 6-OHDA+SEMU20, q=17.79, p<0.001; c. vs. 
6-OHDA+SEMU40, q=55.42, p<0.001; d. vs. SO, q=40.14, p<0.001; e. vs. 6-OHDA+SEMU40, q=33.52, p<0.001; f. vs. SO, q=7.155, p<0.01. TNF-alpha: a. vs. SO, 
q=95.89, p<0.001; b. vs, 6-OHDA+SEMU40, q=65.10, p<0.001; c. vs. SO, q=30.74, p<0.001 (one-way ANOVA and Tukey as the post hoc test). 

DISCUSSION

In this study, we investigated potential anti-neuroinflammatory effects of a 
standardized extract from Myracrodruoun urundeuva in hemi-parkinsonian rats. 
Neurotoxin-based animal models have largely been used to induce selective 
neuronal death, in both in vitro and in vivo studies. 6-Hydroxydopamine (6-
OHDA) is the most reproduced model of Parkinson’s disease, inducing a 
rapid and pronounced dopaminergic neurodegeneration with the associated 
motor dysfunction (27). The toxin initiates dopaminergic neurons (DA) 
degeneration through a combination of oxidative stress and mitochondrial 
dysfunction, making the tool suitable for an effective model (28). Oxidative 
stress activates microglia and leads to neurotoxicity of DA neurons (29).

As the treatment of PD focuses on symptomatic relief, rather than the 
improvement of pathogenesis progression, the discovery of triggering 
pathways is of great importance in the search for effective therapeutic 
strategies. It is well established the relationship between severity of motor 

dysfunction and the seletive loss of dopamine neurons, what is at least in 
part associated with severe oxidative stress and inflammation (30,31). In 
this context, the development of disease-modifying agents based on the use 
of drugs with antioxidant and anti-inflammatory actions, along with other 
pharmacological properties, would be useful for retarding the development 
and progression of PD (32,33).

Thus, oxidative injury and neuroinflammation contribute significantly to 
PD pathogenesis. In order to investigate alternative and early intervention 
approaches to prevent or halt the progressive nature of PD, we evaluated 
the potential of SEMU in 6-OHDA-induced neurodegeneration. With 
central nervous system activities yet poorly studied, M. urundeuva has well-
defined anti-inflammatory and antioxidant actions, mainly attributed to 
its content of phenolic compounds (13,34,35). Based on these findings, we 
demonstrated that chalcones from M. urundeuva exerted neuroprotection, 
on rat mesencephalic cells, by reducing the oxidative stress and apoptotic 
injury caused by 6-OHDA. Subsequently, the neuroprotective activity of the 
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standardized extract of M. urundeuva was confirmed, in vivo, by inhibitions of 
microglia and astrocyte activation (15,16).

PET analysis showed that PD patients, with or without dementia, present 
significant microglial activation in cortical brain regions, suggesting that 
neuroinflammation could occur early in PD, persisting as the disease 
progresses (36). Insults to the central nervous system (CNS) triggers 
microglial activation, leading to the recruitment of peripheral leukocytes. 
Furthermore, inflammatory mediators not only modulate immune cells, 
but also contribute to neurodegeneration, resulting in a vicious cycle of 
inflammation and neuronal death (7). Thus, targeting microglial activation 
appears as a valid therapeutic strategy for PD treatment (37).

Our results show that 6-OHDA caused in the striatum an increase in 
immunohistochemical labeling of inflammatory mediators, such as TNF-
alpha, COX-2, iNOS, as well as the transcription factor NF-kB, whereas 
its immunostaining was restored to the normal range after the SEMU 
treatment. The effects of 6-OHDA are in agreement with other studies that 
show the activation of microglia and subsequent increase of the overexcited 
mediators to be a major cause of the neurotoxin effects (38,39). Activation of 
NF-kB has been linked to oxidative stress-induced apoptosis in PD and seems 
to be involved in regulating inflammatory responses in microglial cells (40). 

The TNF-alpha signaling pathway induces upregulation of inflammatory 
mediators involved in apoptotic cells, including caspase-1, caspase-3, and 

TNF-alpha receptor R1. This pro-inflammatory cytokine has already been 
identified in the substantia nigra (SN) from Parkinsonian patients, indicating 
the occurrence of a proapoptotic environment in PD (41). Prolonged TNF-
alpha expression induced in the SN of adult rats leads to dopaminergic 
neuronal death, motor symptoms and microglia activation (42). Furthermore, 
inhibition of NF-κB attenuates production of TNF-alpha and other glial 
derived inflammatory mediators, thus reducing the neurotoxicity of activated 
microglial cultures on dopaminergic neuron-like cells (43). 

Accordingly, the effects observed with SEMU may be exerted through 
inhibition of the NF-kB activation in DA neurons, inducing down-regulation 
of COX-2 in the brain that could subsequently decrease the release of TNF-
alpha. Inhibition of COX-mediated DA oxidation (44), as well as microglial-
derived toxic mediator production are likely to be among the mechanisms 
that contribute to decreased incidence of PD in chronic NSAID users (45). 
A non-selective COX-2 inhibitor has shown to present a neuroprotective 
activity in the 6-OHDA rat model of PD (46), what is consistent with the 
neuroinflammatory hypothesis for PD pathogenesis. The activation of NF-
κB also promotes the induction of iNOS from activated microglia (6). This, 
in turn, increases the production of NO that reacts with superoxide anion 
and generates peroxynitrite, a highly reactive molecule, causing striatal 
neurodegeneration in the 6-OHDA model of PD (47). In our study, evidence 
for the anti-inflammatory activity of SEMU is further supported by the 
attenuation of iNOS striatal immunostaining, what can be explained by its 
NF-κB inhibitory activity.

  

Figure 5) Representative photomicrographs showing reduced immunostaining for HDAC (x400, scale bar=200 µm) in hippocampal, CA1 and CA3 and DG areas, 
from 6-OHDA lesioned rats after SEMU treatments, compared to the untreated 6-OHDA groups (3 animals per group). CA1: a. vs. SO, q=59.76, p<0.001; b. vs. 
6-OHDA+SEMU20, q=15.64, p<0.001; c. vs. 6-OHDA+SEMU40, q=57.06, p<0.001; d. vs. SO, q=44.07, p<0.001; e. vs. 6-OHDA+SEMU40, q=41.37, p<0.001. 
CA3: a. vs. SO, q=45.32, p<0.001; b. vs. 6-OHDA+SEMU20, q=8.419, p<0.001; c. vs. 6-OHDA+SEMU40, q=40.99, p<0.001; d. vs. SO, q=36.90, p<0.001; e. 
vs. 6-OHDA+SEMU40, q=32.57, p<0.001; f. vs. SO, q=4.329, p<0.05. DG: a. vs. SO, q=32.30, p<0.001; b. vs. 6-OHDA+SEMU20, q=15.52, p<0.001; c. vs. 
6-OHDA+SEMU40, q=30.64, p<0.001; d. vs. SO, q=16.78, p<0.001; e. vs. 6-OHDA+SEMU40, q=15.12, p<0.001 (one-way ANOVA and Tukey as the post hoc 
test). 
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Figure 6) Representative photomicrographs of SEMU treatments showing reduced 
immunostaining for HDAC (x400, scale bar=200 µm) in temporal cortices (TC) 
from 6-OHDA-lesioned rats, related to the untreated 6-OHDA groups (3 animals 
per group). a. vs. SO, q=14.79, p<0.001; b. vs. 6-OHDA+SEMU20, q=4.108, 
p<0.05; c. vs. 6-OHDA+SEMU40, q=10.84, p<0.001; d. vs. SO, q=10.69, 
p<0.001; e. vs. 6-OHDA+SEMU40, q=6.733, p<0.001 (One-way ANOVA 
and Tukey as the post hoc test). 

C Urundeuvine A (I) Urundeuvine B (II) 
1 124.85 129.37
2 131.40 130.17
4 148.71 150.01
5 145.22 149.30
8 124.85 130.31
9 199.22 200.67
1’ 113.39 114.20
2’ 165.85 166.70
4’ 166.97 167.14
1” 134.66 132.41
4” 157.30 157.76
7” - 137,80
8” - 133.46
9” 202.66 202.66
1”’ 113.06 116.29
2”’ 165.70 166.19
4”’ 166.40 165.69

CH

3 116.85 109.79
6 117.31 111.79
7 141.65 128.66
3’ 103.91 103.70
5’ 108.57 108.89
6’ 135.66 137.38

2”,6” 130.17 132.83
3”,5” 116.30 115.68

7”  48.39 -
8”  51.12 -
3”’ 103.80 102.91
5”’ 108.96 108.30
6”’ 133.99 137.01

TABLE 1
13C NMR spectral data of urundeuvine A (I) and urundeuvine 
B (II) isolated from M. urundeuva stem. The chemical 
displacements are described in δ (ppm)

6-OHDA induces selective loss of nigroestriatal neurons through oxidative 
stress, mitochondrial inhibition, iron accumulation and inflammation (48). 
Normally, iNOS is not expressed in the brain, unless under pathological 
situations, especially those associated with gliosis. Once expressed, iNOS 

produces high and continuous levels of NO from microglia or astrocytes 
(49). We observed that animals treated with SEMU showed a significative 
decrease in immunostaining for iNOS, in the striatum. Therefore, through 
inhibition of glial activation-mediated oxidative stress, by reducing iNOS, the 
tested extract has therapeutic value in the treatment of neuroinflammation 
related to PD.

The cellular and molecular components of the innate inflammatory 
response, associated with a slowly progressive degenerative disease, are not 
clearly identified. Nevertheless, NF-κB, known as the major transcriptional 
factor of a wide range of cytokines, has been extensively associated with 
neuronal signaling and stress response (50). Activation of the NF-κB 
pathway has been reported to be as much as 70-fold higher in the SN of PD 
patients, compared to that of age-matched healthy controls (51). An inhibitor 
of NF-κB attenuates the production of TNF-alpha and other glial derived 
inflammatory mediators, thereby reducing the neurotoxicity of activated 
microglial cultures on dopaminergic neuron-like cells (43). Besides that, the 
NF-κB pathway contributes to the initiation of oxidative stress (52), what 
may explain the sensitive effect of SEMU on neuroprotection through anti-
inflammatory and antioxidant actions.

Besides decreasing striatal immunostaining for inflammatory enzymes, TNF-
alpha and NF-kB, SEMU neuroprotection is also afforded by the inhibition 
of these same targets on the hippocampus. Although a main feature of PD is 
dopaminergic loss in the SNpc, evidences are accumulating on hippocampal 
alteration, what would be responsible for some of non-motor characteristics 
of this disease (53-56). In the present work, we demonstrated that SEMU 
significantly decreased the immunostaining for iNOS, COX-2 and TNF-
alpha in the hippocampal CA3 subfield. Similar results were observed in 
the dentate gyrus. The structural brain changes in PD seem to be present 
mainly in those patients with dementia (54) and memory deficits (55). 
Although cortical areas are involved, the hippocampus is one of the regions 
most affected in PD, with decreasing grey matter volume, pointing out to 
the potential of hippocampal atrophy as a structural biomarker in PD (56).

Furthermore, for the first time, we demonstrated that SEMU is also an 
inhibitor of brain histone deacetylases (HDACs). HDACs are a family of 
enzymes that catalize the removal of acetyl groups from lysine residues of 
proteins. It is largely accepted that acetylation and deacetylation of histone 
proteins associated with chromatin are crucial in the epigenetic regulation 
of transcription and other cellular functions (57). Furthermore, HDACs 
have received increasing attention in the context of neurological diseases 
and appear as therapeutic targets in neurodegeneration (58). Interestingly, 
the possible action mechanisms for the neuroprotective action of HDAC 
inhibitors may involve transcriptional activation of neuronal survival genes 
and maintenance of histone acetylation homeostasis that are dysregulated 
in PD (26). 

More seletive HDAC inhibitors have been shown to protect neuronal cells 
from death and may be potential therapeutic agents against neurotoxicity 
(59). Animal model studies of neurodegenerative pathologies emphasize 
the potential role of epigenetic drugs, as HDAC inhibitors, in ameliorating 
the cognitive and motor symptoms of PD (24). A recent work (60) revealed 
that PD environmental factors induced HDACs degradation and histone 
acetylation increase in DA neurons, via autophagy, pointing out to an 
epigenetic mechanism in PD pathogenesis. Furthermore, HDAC inhibitors 
are also anti-inflammatory drugs (61-63). Interestingly, natural chalcones 
were observed to present a dual inhibiton of both HDACs and NF-kB (64). 
Chalcones are also major bioactive components present in M. urundeuva, as 
already shown by us (13). 

CONCLUSION

In conclusion, for the first time, this study demonstrated that a standardized 
extract from M. urundeuva is able to reduce the inflammatory environmental 
consequence of microglial activation induced by 6-OHDA dopaminergic 
neurodegeneration, through inhibition of inflammatory enzymes, NF-KB as 
well as HDAC. Most importantly, taken together, the present findings and 
those from previous reports indicate that SEMU appears to be a promising 
agent of natural origin for protection against PD and neurodegeneration.
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