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Abstract: C. maxima (var. Delica) is a variety of pumpkin known for 
its beneficial effects and its high content in carotenoids (violaxanthin, 
astaxanthin, antheraxanthin, zeaxanthin, lutein, lycopene and β-
carotene), which are natural antioxidants bioavailable to humans 
through food consumption. Numerous biological effects have been 
attributed to carotenoids due to their antioxidant activity: improved 
immune response, anti-inflammatory and anti-tumor properties and 
reduced risk of cardiovascular and chronic degenerative diseases. 
They are capable of accumulating in the brain after crossing the 
blood-brain barrier. Therefore, the aim of this study is to analyze 
changes in mitochondrial gene expression using an in vitro cell model 
(ECV304) of the blood brain barrier, after exposure to pumpkin 
extract. Cells were treated during 24 h at 5 different β-carotene 
concentrations, as reference extract compound: 1.72×10-4 - 1.72×10-

3- 1.72×10-2 - 0.172 - 1.72 nM in DMSO 0.5%. The extracted RNA 
was used to perform qPCR analysis on 15 mitochondrial related 
genes: MT-ND2, MT-ND3, MT-ND4, MT-ND4L, MT-ND5, MT-
CO1, MT-CO3, MT-ATP6, MT-ATP8, MT-RNR2, MRPL12, 
OSGIN1, SRXN1, TXNIP, UCP2, and S18 as reference gene. Results 
demonstrate that dietary carotenoids act at transcriptional level, 
especially on the genes belonging to the electron transport chain, 
reporting an overall protective pattern. The findings show a dose 
dependent differential gene expression pattern by carotenoids 
exposure, even at low concentrations.  

Keywords: ECV304; Electron Transport Chain; Blood Brain Barrier; 
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Introduction  

Pumpkins belong to the family of cucurbitaceas, known for they high 
content in bioactive compounds with benefits for human health. They 
differ from each other according to the variety considered and the 
antioxidants content (Bergantin et al. 2018). They are rich in 
vitamins, minerals and antioxidants such as carotenoids. A steady 
intake of carotenoids has been related with incidence reduction of 
several diseases: diabetes, cardiovascular disorders, certain forms of 
tumors, metabolic syndrome, hypertension and angiogenesis (Patel et 
al. 2017). They have been able to improve the state of health of 
patients affected by prostatic hyperplasia and overactive bladder, due 
to the reduction of free radicals and the inhibition of enzyme 5-α 
reductase (Ramak & Mahboubi, 2019) Carotenoids induce many 
biological effects like anti-inflammatory and antitumoral properties, 
protection from cardiovascular disease, positive and protective action 
on eye health and reduction of chronic degenerative diseases (Cho et 
al. 2018). Moreover, some carotenoids have the ability to cross the 
blood brain barrier (BBB) in mammals and can extend its antioxidant 
benefits beyond that barrier (Jeon et al. 2018).  

The BBB is a complex and dynamic structure which covers the role 
of regulating the central nervous system homeostasis. It is composed 
by brain microvascular endothelial cells, astrocytes, pericytes and 
basement membrane. A variety of pathological factors can disrupt the 
BBB integrity, including neuroinflammation and oxidative stress 
(Song et al. 2020). Increasing evidence shows that oxidative stress 
plays an essential role in the induction of BBB changes due to ROS 
formation and mitochondrial dysfunctions. ROS imbalance in the 
electron transport chain (ETC) complex I, II, and III Fe-S center can 
cause mitochondrial uncoupling and damages in the entire cell 
(Liguori et al. 2018). Considering the high metabolic rate, energy 

demand of brain tissue and the extreme sensitivity of brain 
microvascular endothelial cells to imbalance in redox homeostasis, 
increased endothelial oxidative stress with abnormalities in the 
mitochondrial function significantly compromises the stringency of 
BBB causing neurodegenerative diseases and neuronal death (Chew 
et al. 2020; Liguori et al. 2018; Sajja et al. 2016) 

Focusing on mitochondria, the mammalian ETC includes complexes 
I to IV, as well as the electron transporters ubiquinone and 
cytochrome c. ETC represents the site where the electron flow is 
coupled with the generation of a proton gradient across the inner 
membrane and the energy accumulated in this process is used by 
complex V (ATP synthase) to produce ATP (Guo et al. 2018). 
Eventual ETC complex deficiencies are related with the development 
of different neurodegenerative diseases (Foti et al. 2019). 

In addition, nuclear encoded genes cover an important role in 
mitochondria efficiency. OSGIN1 is a transcriptional target of the 
tumor suppressor p53 and directly interacts with p53 to regulate 
mitochondrial function (Sukkar & Harris, 2017). TXNIP regulates 
redox/glucose induced stress, inflammation and energy metabolism 
and its mutation is related to stroke and other brain diseases (Nasoohi 
et al. 2018). SRXN1 is a protein with antioxidant activity (Li et al. 
2013). MRLP12 belongs to a set of ribosomes needed to translate 
mitochondrial mRNA involved in OXPHOS (Surmeier et al. 2017).  

A number of epidemiological studies showed that carotenoids are 
potent dietary ROS scavengers since they react with free radicals 
through electron transfer mechanism or addition reactions in order to 
protect cells from the damage, improving their immune function 
(Elvira-Torales et al. 2019). Carotenoids from Curcubita maxima (C. 
maxima) (500 nM) reduce alterations induced by mycotoxins in 
different mitochondrial genes, protecting the ETC integrity and 
maintaining cellular activity (Alonso-Garrido et al. 2020).   

In view of the above, the aim of this study was to reveal the alterations 
in gene expression profile induced by pumpkin extract (C. maxima) 
variety Delica in a human BBB in vitro model. Since alterations in 
mitochondrial genes could led to mitochondrial dysfunction and 
OXPHOS misbalance, a detailed transcriptional analysis of key 
mitochondrial related genes was carried out to elucidate carotenoids 
molecular mechanisms against alterations induced by different 
factors, especially toxic substances. 

Materials and methods  

Reagents 

The reagents grade chemicals and cell culture component used, 
DMEM/F12 and DMEM-glutamax medium (Thermo Fisher, USA) 
penicillin/streptomycin, phosphate buffer saline (PBS) were 
purchased by Sigma chemical Co (St. Louis, MO, USA). Dimethyl 
sulfoxide (DMSO) and methanol were obtained from Fisher 
Scientific (Madrid, Spain). Deionized water (resistivity < 18 MV cm) 
was obtained using a Milli-Q water purification system (Millipore, 
Bedford, MA, USA). Pumpkin extract was obtained from C. maxima 
thanks to N. Marchetti (Department of Chemistry and Pharmaceutical 
Sciences, University of Ferrara) and kept at −80 °C (Table 1) 
(Bergantin et al. 2018). Final concentrations of pumpkin extract in 
the assay were achieved by their dilution in the culture medium. The 
final DMSO concentration in the medium was 0.5 % (v/v). 

Table 1. Quantification of carotenoids content in C. maxima extract. Absolute 
quantification was reported to μg/g of fresh substance (Bergantin et al. 2018). *e-mail: manuel.alonso-garrido@uv.es 
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Cell culture and pumpkin extract exposure  

ECV304 human epithelial cells were maintained in DMEM-glutamax 
medium supplemented with 100 U/mL penicillin, 100 mg/mL 
streptomycin and 10% (v/v) FBS inactivated. Incubation conditions 
were pH 7.4, 37 °C under 5% CO2 and 95% air atmosphere at 
constant humidity. Culture medium was changed every two days. 
Experiments were carried out between cell pass 20-50. Before 
contamination, cells were plated in 6-well tissue culture plates at a 
density of 2 × 106 cells/well for 8-9 days, the time required for cell 
differentiation [25]. ECV304 cells were exposed for 24 h in standard 
conditions to T1 (1.72 × 10-4); T2 (1.72 × 10-3); T3 (1.72 × 10-2); T4 
(0.172); T5 (1.72 nM) of pumpkin extract (C. maxima) in 0.5% 
DMSO and this solvent concentration was added as control in 
maintenance medium (each condition was triplicated).  

RNA extraction  

Total RNA of the control and exposed human epithelial cells was 
isolated using ReliaPrep™ RNA Cell Miniprep System Kit 
(Promega, USA) and purified with RNase free DNaseI to remove 
genomic DNA contamination. Firstly, the RNA extracted from each 
sample was firstly checked for quantity and quality using the 
absorbance ratio at λ = 260/280 nM (Nanodrop ND1000, NanoDrop 
Technologies, USA). For the transcriptomic analysis, all samples 
were normalized to 100 ng/ml with RNase-free water in order to work 
with the same concentration. 

Primer design and quantitative real-Time PCR assays 

Gene-specific primers were designed with Primer-BLAST using 
default criterion of the software with amplified products ranging from 
75 to 150 bp and Tm at 59 °C. Primer sequences from Escriva et al. 
(2018) [26] were used in the qPCR analyses are presented in Table 1. 
Standard curve was performed for all the primer pairs and a single 
amplification product of the expected size for each gene was obtained 
by the melting curve assay. Primer amplification efficiency was 
determined from standard curve generated by serial dilution of cDNA 
(5-fold each) for each gene in triplicate. Correlation coefficients (R2 
values) and amplification efficiencies (E) for each primer pairs were 
calculated from slope of regression line by plotting mean Cq values 
against the log cDNA dilution factor in StepOne software. Real-time 
amplification reactions were performed in 96 well-plates using 
SYBR Green detection chemistry and run in triplicate on 96-wells 
plates with the StepOne Plus qPCR machine (Applied Biosystems). 
Reactions were prepared in a total volume of 10 μl containing: 3 μl 
of 1:5 diluted templates, 1 μl of each amplification primer (5 μM) and 
5 μl of 2×Fast SYBR Green (Applied Biosystems). Non-template 
controls (NTC) were also included for each primer pair, replacing the 
template by water DNAse and RNAse free from the RNA extraction 
kit (ReliaPrep™ RNA Cell Miniprep System). The cycling 
conditions were set as default: initial denaturation step of 95 °C for 5 
min to activate the Taq DNA polymerase, followed by 40 cycles of 
denaturation at 95 °C for 15 s, annealing at 59 °C for 30s. The melting 
curve was generated by heating the amplicon from 60 to 90 °C. 
Baseline, threshold cycles (Ct) and statistical analysis were 
automatically determined using the StepOne Plus Software version 
2.3 (Applied Biosystems). All the experiments were done according 
to MIQE (Minimum Information for Publication of Quantitative 
RealTime PCR Experiments) guidelines (Bustin et al. 2009). 

Table 2. Primers used for Real-Time Quantitative RT-PCR Analysis. FP, 
forward. RP, reverse. 

GENE 
SYMBOL 

PRIMER SEQUENCES (5' to 3') 
FP/RP E (%) 

REGRESSION 
COEFFICIENT 

(R2) 

MT-ND2 F:CGTAAGCCTTCTCCTCACTC                            
R:CAACTGCCTGCTATGATGGA 141.3 0.997 

MT-ND3 F:CCCTCCTTTTACCCCTACCA                             
R:GCCAGACTTAGGGCTAGGAT 82.0 0.996 

MT-ND4 F:CACACGAGAAAACACCCTCA                           
R:AAACCCGGTAATGATGTCGG 151.9 0.992 

MT-
ND4L 

F:CCCACTCCCTCTTAGCCAAT                             
R:GGCGGCAAAGACTAGTATGG 121.0 0.993 

MT-ND5 F:CATCCCCCTTCCAAACAACA                             
R:GTCCTAGGAAAGTGACAGCG 125.2 0.991 

MT-CO1 F:TCATAATCGGAGGCTTTGGC                              
R:GTTGTTTATGCGGGGAAACG 121.1 0.992 

MT-CO3 F:CTTCCACTCCATAACGCTCC                              
R:GTTACATCGCGCCATCATTG 129.6 0.991 

MT-ATP6 F:CTAGAAATCGCTGTCGCCTT                              
R:ATGTGTTGTCGTGCAGGTAG 76.4 0.985 

MT-ATP8 F:CCCTGAGAACCAAAATGAACGA                  
R:GATTGTGGGGGCAATGAATGA 112.9 0.996 

MT-
RNR2 

F:GTAAATCGGAATGGACCCCC                       
R:CTGCTGGGGGATTTTCTTGT 85.5 0.991 

MRPL12 F:GATGGGTGGTGTGATGTCTG                           
R:TGTCCGTTCTTTCGCTATGG 123.8 0.992 

OSGIN1 F:TCTTTGATGCCCTTCTACGC                             
R:CGACTTCATGTTTCCCCCAA 142.9 0.980 

SRXN1 F:GGTCTAGGGGAAGAGGTGTT                            
R:CTTGGTTTTCAGAAGCCCCT 137.5 0.992 

TXNIP F:GTGAAGGTGATGAGATTTCC                              
R:CTCTGACTGATGACAACTTC 125 0.985 

UCP2 F:AAAGGTCCGATTCCAAGCTC                              
R:TTTGGTATCTCCGACCACCT 122.5 0.989 

S18 F:CGGCTACCACATCCAAGGAA                              
R:GCTGGAATTACCGCGGCT 101.5 0.994 

Gene expression analysis 

In order to assess the statistical analysis, ΔCt (experimental Ct –
housekeeping Ct mean) obtained by qPCR was used. Levene's test 
was applied to evaluate the equality of group variances and all the 
group variances were equal. T-student was used to evaluate 
differences between groups. Statistical analysis was performed with 
SPSS 24.0 (IBM Corp., Armonk, NY, USA). p ≤ 0.05 was considered 
to indicate statistically significant differences. 

Results 

In this study, MT-ND2, MT-ND3, MT-ND4, MT-ND4, MT-ND4L 
are up-regulated after the exposure with the first four concentrations 
of extract used, while they are down regulated with the higher dose. 
Furthermore, MT-ND5 is slightly up-regulated for each condition in 
a dose-dependent manner (Fig. 1). 

Cytochrome c oxidase is a proton-pump involved in ETC both in 
mammals and prokaryotes. Results showed that MT-CO1 presented 
a variable expression depending on the concentration, while MT-
CO3 was down-regulated for each condition (Fig. 2). 

MT-ATP6 and MT-ATP8 are involved in the synthesis of F0, a main 
subunit of Complex V.  Results   suggest   MT -  ATP6   was   down-

Carotenoids μg/g of fresh substance 
Violaxanthin 9.09 ± 0.99 
Astaxanthin 2.54 ± 0.39 
Antheraxanthin 4.34 ± 0.74 
Zeaxanthin 16.99 ± 3.08 
Lutein 37.12 ± 3.08 
Lycopene 19.25 ± 2.69 
β-carotene 49.29 3.78 
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regulated for all treatments, whereas, the MT-ATP8 expression changed depending on the concentration (Fig. 3).

 

Figure 1. Bar plots showing complex I genes relative expression when compared to control (log2RQ = 0) after 24 h-exposure to the different treatments by 
qPCR. RQ, relative quantification. *p < 0.05; **p < 0.01; ***p < 0.001 
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Figure 2. Bar plots showing complex IV genes relative expression of MT-
CO1 and MT-CO3 when compared to control (log2RQ = 0) after 24 h-
exposure to the different treatments by qPCR. RQ, relative quantification. 
*p < 0.05; **p < 0.01; ***p < 0.001 
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Figure 3. Bar plots showing complex V genes relative expression of MT-
ATP6 and MT-ATP8 when compared to control (log2RQ = 0) after 24 h-
exposure to the different treatments by qPCR. RQ, relative quantification. 
Error bars. A p value < 0,05 was considered significant. *p < 0.05; **p < 
0.01; ***p < 0.001. 
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MT-RNR2 is a mitochondrial ribosomal RNA related to apoptosis 
and biogenesis of ribosomes in eukaryotes. It was evidently down-
regulated for each condition used. UCP2 is a protein located in the 
inner mitochondrial membrane and it is a regulated proton channel 
and heat generator. In this study it was up-regulated in for every 
treatment (Fig. 4). 

In eukaryotes, mitochondria function and structure are also mediated 
by genes belonging to the nuclear DNA. Results indicated that 
TXNIP, SRXN1 and OSGIN1 expression varied independently from 
the pumpkin extract concentration, while, MRLP12 is down-
regulated in a dose-dependent way (Fig. 5). 

Discussion 

Different in vitro studies have reported a protective role of 
carotenoids against diseases due to their antioxidant properties. Kim 
et al. (2019) demonstrated that high concentrations of β-carotene (20-
40 μM) inhibited the proliferation of colon cancer cells HCT116 
through genetic and epigenetic modifications. Lycopene treatment in 
a human gastric cancer cell line reduced the cellular viability by 
inducing DNA fragmentation and increasing the BAX/Bcl-2 ratio. 
Moreover, lycopene reduced ROS levels and inhibited the activation 
of β-catenin signaling, which plays a crucial role in human 
tumorigenesis (Kim et al. 2018). In human colorectal cancer cells, it 
restrains NF-KB and JNK activation, reducing inflammation and 
oxidative stress levels (Cha et al. 2017). Furthermore, lutein 
decreased triglycerides and lipid peroxidation levels, attenuating 
oxidative stress due to the activation of AMPK phosphorylated 
protein and reduced in ARPE-19 cells the oxidative stress and protect 
these from cellular senescence induced by free radicals (Cheng et al. 
2019; Chae et al. 2018). AST (3-14 μM) increased C. elegans lifespan 
inducing modifications in mitochondrial complex I and III and 
reducing ROS levels (Maglioni et al. 2020). In the present study, the 
expression of nuclear and mitochondrial genes related to oxidative 
stress changed after pumpkin extract exposure, which could indicate 
their potential beneficial effect on the ETC in the BBB. 

Dysfunction in complex I is linked to different disorders and diseases. 
Lycopene in neuronal cells slightly increased complex I genes 
expression and contrasted the down-regulation induced by β-amyloid 
peptide (Qu et al. 2016). Lycopene also improved mitochondrial 

  

 
Figure 4. Bar plots showing MT-RNR2 and UCP2 relative expression 
when compared to control (log2RQ = 0) after 24 h-exposure to the different 
treatments by qPCR. RQ, relative quantification. Error bars. A p value < 
0,05 was considered significant. *p < 0.05; **p < 0.01; ***p < 0.001 
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Figure 5. Bar plots relative nuclear encoded mitochondrial genes relative expression when compared to control (log2RQ = 0) after 24 h-exposure to the 
different treatments by qPCR. RQ, relative quantification. Error bars. A p value < 0,05 was considered significant. *p < 0.05; **p < 0.01; ***p < 0.001. 
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 complex activities and restored ATP levels in β-amyloid neurons. 

Likewise, AST treatment augmented the mitochondrial content, ATP 
production, and respiratory chain complex activity, suggesting 
prevention against aging by increasing mitochondrial efficiency (Lee 
et al. 2011). In this study, pumpkin extract clearly elevated the 
expression of complex I genes, which could indicate an increased 
mitochondrial activity and an improvement of their functions. 
Furthermore, results suggest that high concentration of pumpkin 
extract can downregulate certain genes of the complex provoking 
mitochondria’s toxicity, damaging the entire cell (Fig. 1). 

Previous studies have informed that complex IV deficiency is related 
to mitochondrial dysfunction, oxidative stress, atherosclerosis plaque 
complexity, obesity and diabetes type 2 (Holvoet et al. 2016). 
Although, there is not much information about carotenoids and gene 
expression interactions in this complex, MT-CO1 is widely used as a 
mitochondrial marker in pyramidal neurons in Alzheimer disease 
(AD), since its downregulation confirms reduced presence of 
mitochondria in neuronal processes and, therefore, a typical impaired 
distribution in AD (Wang et al. 2009). It has been reported a 
protective role of lycopene in rat cortical neurons, since its 
administration restored and increased MT-CO1 expression, repressed 
by β-amyloid peptide (Qu et al. 2016). These results (Fig. 2) showed 
that the highest concentration of pumpkin extract increased MT-CO1 
expression, indicating a possible beneficial effect in the BBB, while 
low concentrations could implicate a null effect. An upregulation of 
MT-CO3 was observed incubating mouse neuroblastoma cells with 
the β-amyloid peptide, which was reversed incubating N2a cells with 
antioxidant compounds (Manczak et al. 2010). Also, overexpression 
of MT-CO3 was observed in human neural cells and human brain 
affected by AD and PD, especially in hippocampus (Supandi et al. 
2018; Cui et al. 2004). All treatments for pumpkin extract in this work 
induced a down-regulation of MT-CO3, indicating a possible use of 
carotenoids to modulate and contrast typical transcriptomic 
alterations present in AD (Fig. 2). 

Defects in complex V result in mitochondrial dysfunction, which is 
an important cause of inherited neurological disease (Kytövuori et al. 
2016). Lutein exposure to SH-SY5Y cells down-regulated MT-
ATP6, intensifying the mitochondrial respiration process and 
mitochondria efficiency without alterations in ATP levels (Xie et al. 
2019), while an up-regulation of MT-ATP6 is typical in brain tissue 
of PD patients (Cheng et al. 2019). Ke et. al (2012) reported a down-
regulation of MT-ATP8 expression in rat neurons with a mutation in 
Tau protein, a marker of AD. In human brain, similar results were 
found with neurological disorder linked to PD. In this study it is 
showed a down-regulation of MT-ATP6, which could indicate the 
positive effect of carotenoids in mitochondria, while the MT-ATP8 
expression is up-regulated for the highest concentration, indicating a 
possible protective role of pumpkin extract at high doses (Fig. 3).  

MT-RNR2 and UCP2 genes were analyzed as important genes 
involved in mitochondrial function not belonging to the ETC. Indeed, 
Humanin is a recently identified neuroprotective and antiapoptotic 
peptide derived from a portion of the mitochondrial MT-RNR2 gene 
(Bahreini et al. 2018). Authors proved that treating HUEVECs cells 
with 3 µM of β-carotene provoked a down-regulation of MT-RNR2 
and BAX inhibition, indicating an antiapoptotic and neuroprotective 
role in this BBB model Bodzioch et al. 2009; Man et al. 2008). 
Numerous studies have demonstrated that overexpression of UCP2 is 
neuroprotective. An overexpression of UCP2 in rat brain offers a 
neuroprotection after traumatic brain injury (Kuruca et al. 2017), 
while in hypothalamic cells inhibits TNF-α induced apoptosis, ROS 
accumulation and different pro-inflammatory cytokines (Deierborg 
et al. 2008). Ho et al. 2009 proved that an overexpression of UCP2 in 
SH-SY5Y cells reversed MPP+ toxicity (widely used in experimental 
Parkinsonian models), by maintaining ATP levels and mitochondrial 
membrane potential. Whilst, a post-mortem analysis on brains of AD 
patients was characterized by a down-regulation of UCP2 (Thangavel 
et al. 2017). Results reported in the present study show protective 

effect of carotenoids on these gene expression, since MT-RNR2 
expression was down-regulated and UCP2 was up-regulated for all 
treatments, underlining the positive role of carotenoids in the BBB 
also for genes not belonging to the ETC (Fig.4). 

Nuclear codified genes cover an important role in mitochondrial 
function, structure and redox balance. Genes analyzed showed a 
heterogeneous pattern of expression, responding differently to 
pumpkin extract concentrations. Clearly, the highest dose down-
regulated all genes expression, possibly indicating a protective role 
of these compounds in neurological disorders (Fig. 5). Indeed, an up-
regulation of TXNIP is pointed out in different neurodegenerative 
and cerebrovascular diseases. Rat cerebral capillary endothelial cells 
lines exposed to β-amyloid peptide showed an over-expression of 
TXNIP (Perrone et al. 2009), similar to the results obtained in brain 
of AD model rats. SRXN1 plays a protective role against oxidative 
injury and named it as a potential target for neuroprotective 
intervention in oxidative stress. In fact, a down-regulation of this 
gene in PC12 cells reduced oxidative stress and damage (Li et al. 
2018). In rat hippocampal neurons which expressed TAU protein it 
has been reported an over-expression of OSGIN, implying a high 
level of oxidative stress (Cuadrado et al. 2018).  

Interestingly, our results showed down-regulation of MRLP12 in a 
dose-dependent manner, which could lead to a lack of expression and 
synthesis of unit 39S and therefore mitoribosomes, ultimately 
associated to development of neurodegenerative disorders (Surmeier 
et al. 2017). MRLP12 up-regulation in rat hippocampus has been 
associated with neurological disorders and brain injuries (Smagin et 
al. 2016). 

Conclusions 

Results obtained in this study contribute to widen the knowledge 
about nutrigenetic variations triggered by carotenoids in BBB 
mitochondria. Complex I alterations are responsible for most of the 
pathologies occurring at mitochondrial level and pumpkin extract 
modulates in a positive and uniform manner the ETC complex I gene 
expression at low concentrations. On the contrary, the highest 
pumpkin extract concentration produced a positive effect on MT-
CO1, MT-ATP8 and nuclear encoded genes tested. These data 
suggest that supplemental and dietary carotenoids intake should be 
carefully evaluated in neurodegenerative processes, although more 
research is needed.  
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