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PERSPECTIVE

Preliminary in vitro evaluation of 
neuroprotective and monoamine 
oxidase type B inhibitory effects of 
newly synthesized 8-aminocaffeines

The expected growth of the elderly population at highest risk 
for Parkinson’s disease (PD) in the next decades makes the 
identification of factors that promote or prevent the disease an 
important goal. In addition, new therapies - aiming to delay the 
progression of PD are also needed (Prediger, 2010). However, 
there have been few clinical trials designed to investigate neuro-
protection. Thus the application of an appropriate in vitro mod-
el such as the neuroblastoma SH-SY5Y cell line is extremely 
helpful. These cells were selected due to its human origin, cat-
echolaminergic neuronal properties, and ease of maintenance 
(Xicoy et al., 2017).

Some research data on novel treatment approaches suggest the 
possibility of application of non-dopaminergic therapy in PD 
treatment including selective adenosine A2A receptor inhibitors. 
Recent studies have shown that selective adenosine A2A receptor 
inhibitors show neuroprotective properties in Parkinson’s pa-
thology, which may be associated with suppression of neuronal 
inflammation promoted by microglia (Madeira et al., 2017).

In this context recent experimental data have demonstrated 
caffeine’s neuroprotective effects on a variety of neurotoxins, 
suggesting caffeine and its derivatives to have neuroprotective 
effects based on their adenosine receptor antagonistic proper-
ties, along with some other mechanisms of caffeine-mediated 
neuroprotection, which are still not precisely determined (Aoy-
ama et al., 2011). Caffeine provided only equivocal borderline 
improvement in excessive somnolence in PD, but improved 
objective motor measures. These potential motor benefits guar-
antee that a larger and long-term trial on caffeine effects will be 
conducted soon (Postuma et al., 2012). 

Results from case-control studies performed in 2001 and pro-
spective investigations of caffeine consumption and risk of Par-
kinson’s disease in men and women revealed a possible protec-
tive effect of moderate doses of caffeine on the risk of Parkinson’s 
disease (Ascherio et al., 2001). Additionally, some published data 
have indicated that higher coffee and caffeine intake correlates 
with a significantly lower incidence of PD. Another study has 
found that the effect appears to be independent of smoking, and 
that the mechanism is related to caffeine intake and not to other 
nutrients contained in coffee (Ross et al., 2000). The mechanism 
of the followed-up pharmacological properties of caffeine might 
be also associated with modulation of neurotransmitter and 
receptor systems of brainstem pigmented nuclei or striatum. 
Furthermore, reports indicate that instead of having a direct bio-
logical effect on the pathogenesis of PD, coffee and other caffeine 
sources may be a type of self-medication that decreases clinical 
expression of Parkinsonism by increasing central dopaminergic 
tone. Despite that the available results from clinical trials do not 
consistently support this, the possibility that caffeine has a pro-
tective effect against PD, should be investigated further with per-
spective epidemiological, clinical, and basic scientific approaches 
(Ross et al., 2000).

Recent publications provide information on some C-8-sub-
stituted caffeine derivatives exhibiting dual-target mechanism 
of action, i.e., adenosine receptor antagonism and  inhibition of 
the enzyme monoamine oxidase type B (MAO-B) (Petzer et al., 
2009). These data drew our attention to the search for new xan-
thine molecules with possible complex neuroprotective proper-
ties.

The aim of this article is to present the synthesis of 6 new 
8-aminocaffeine derivatives and their neuroprotective proper-
ties and MAO-B inhibitory activity in vitro. 

The synthesis of the evaluated compounds 5a-f was performed 
following the path of obtaining the initial amino alcohol, which 
further interacts with appropriate substituted arylpiperazine, 
leading to formation of the final products. The synthetic ap-
proach is presented on the synthetic scheme below (Figure 1): 

The relevant data on the methodology of the synthesis and the 
corresponding verification of the chemical structures are avail-
able in the Additional file 1. 

The evaluation of the neuroprotective effects of the obtained 
compounds 5a-f was based on the convenient in vitro model 
resembling the neurodegenerative processes occurring in PD 
and based on treatment of neuroblastoma cell line SH-SY5Y 
and isolated rat brain synaptosomes with 6-hydroxydopamine 
(6-OHDA). The experiments revealed that in conditions of 
6-OHDA-induced neurotoxicity in SH-SY5Y cells and brain syn-
aptosomes [prepared by multiple, subcellular fractionation using 
a Percoll gradient (Taupin et al., 1994)], only compound 5d re-
vealed statistically significant good neuroprotection. It preserved 
the cell viability (Mosmann, 1983) by 50% (P < 0.01); synaptoso-
mal viability (Mungarro-Menchaca et al., 2002) by 51% (P < 0.01) 
and level of reduced glutathione (Robyt et al., 1971) by 52% (P 
< 0.01), compared to 6-OHDA (Figure 2). 

Dopamine metabolism and oxidation, catalyzed by MAO-B 
lead to formation of reactive oxygen species and reactive qui-
nones, which induce dopamine neurotoxicity and neurodegen-
eration (Stokes et al., 2002).

On recombinant human MAO-B enzyme, again only 5d 
showed statistically significant inhibitory activity (decreased 
enzyme activity by 29% (P < 0.01)), similar to those of Selegiline 
(decreased by 35% (P < 0.01)) (Figure 2). The activity assay was 
performed using a fluorometric method by AmplexUltraRed 
reagent (Bautista-Aguilera et al., 2014). 

This neuroprotection of 5 days on SH-SY5Y cell line and 
brain synaptosomes, in conditions of 6-OHDA-induced neuro-
toxicity might be due to the inhibition of MAO-B, responsible 
for the formation of toxic reactive oxygen species and quinolo-
nes from dopamine
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Figure 1 General procedure for synthesis of compounds 5a-f.
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**P < 0.01, vs. control (non treated cells); ++P < 0.01, vs. 6-OHDA
**P < 0.01, vs. control (pure hMAO-B)

**P < 0.01, vs. control (non treated synaptosomes); ++P < 0.01, vs. 6-OHDA

Figure 2 Effects of the derivatives on hMAO-B enzyme, rat brain synaptosomes and neuroblastoma cell line SH-SY5Y.
6-OHDA: 6-Hydroxydopamine; MAO-B: monoamine oxidase type B; hMAO-B: human MAO-B; GSH: glutathione. 


