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ABSTRACT

Alzheimer’s disease (AD) is a progressive and érsible neurological disorder associated with agéated
dementia. Extracellular deposition of fibrils deztv from S~amyloid peptide (& is one of the most important
pathological hallmark of AD. Here we present reswbncerning the investigation of the in vitro itory effect of
the quinolones levofloxacir8Y and 3-carboethoxy-4-quinolond)(on the A8 fibrillation. AB,, peptide solutions
were incubated in the presence of either compo8nat 4 and the fibrillation was assessed by thioflavin-T
fluorescence assay and atomic force microscopy (AHKe results indicate that compourland4 are inhibitors

of Ag fibrillization, being the latter more potent. Quione4 also promotes the disaggregation of pre-formgd A
fibrils. We concluded that both compounds interfeith the fibrillization process.
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive and arsible neuropathology that affects cognitive fior including
learning and memory. More than 10% of people ovry@ars old have AD. Moreover, as the median age of
population is increasing, a proportional increasthe number of AD victims is expected.[1] AD isaclcterized by
intracellular neurofibrillary tangles formed by @raents of hyperphosphorylategdrotein, and amyloid plaques
derived from extracellular deposition of amyloidppides.[2] The most affected brain region is thepbicampus.
Amyloid peptides containing 40-43 amino acid res&luerived from the abnormal metabolism of the aidyl
precursor protein (APP) are the main constituent té senile plaques. These plagques also contain
glycosaminoglycans, apolipoprotein E and metal ,i@mong other constituents.[3,4] Despite recentiades in
understanding the pathophysiology of AD, the phawotagical therapy is still limited to the use of
acetylcholinesterase inhibitors,[5] such as doniépezl galantamine, and/or memantine, a glutamatizganist.[6]
Recent studies have implicated copper and zincragkation in the central nervous system, in the esscoff3-
amyloid aggregation.[7] The discovery that clioquin (Figure 1), inhibits & deposit formation [8] has raised
several investigational studies on the anti-amitmehic effect promoted by metal chelators, like
hydroxypyridinone2.[9] Recently, we have prepared and characterized and copper complexes having
carboxyquinolones as ligands.[10] The role of thestals in the neurodegenerative process assodiatibe AD,
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attracted our attention to a possible effect oboayquinolones on the [Afibrils formation. Here, we tested the
effects of levofloxacin ) and 3-carboethoxy-4-quinolond)(in the process op-amyloid fibrillization. These
effects were evaluated by thioflavin-T fluoresceassay and atomic force microscopy.
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Figure 1. (A) Inhibitors of the aggregation of A8 peptide: clioquinol (1) and dihydropyridones (2);(B) Compounds evaluated in this
study: levofloxacin (3) and 3-carboethoxy-4-quinoloe (4)

EXPERIMENTAL SECTION

1.1. Chemistry
'H and **C spectra were recorded on a Bruker 250 or Avarfifs Bperating at 250/500 and 62.5/125 MHz,

respectively. IR spectra were obtained in a BOMEMBSERIES instrument. Melting points were measuredpen
capillary tubes using an Electrothermal model 910 are uncorrected. Purification and separatignsolumn
chromatography were performed on silica gel, uslagh chromatography and TLC visualization employ$d
light. All chemical reagents were purchased frordrish and were used without previous purificatibevofloxacin
(>98%) was kindly provided by EMS S.A. (HortolandBxazil).
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Figure 2. Scheme of the preparation of the quinolan4; reagents and conditions® methyl acrylate, DABCO, overnight, 98% yield;"
TFA, 70-75°C, 20 h, 75% yield;® Mo(CO)s, anhydrous ethanol, 50 min, 55% yield
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Quinolone4 was synthesized in three steps-sequence Zaitrobenzaldehyd® in a 41% overall yield as depicted
in the scheme represented in Figure 2, All compswmere characterized by spectroscopic methods laedegtral
data are in agreement with the precedent literafife12]

1.2.Biological assays

1.2.1.Preparation of A3, films

AP, peptide was purchased from American Peptide Cophyized peptide (1 mg) was stored in ultra-freezte-

80 °C. Prior to resuspension, the vial was alloweéquilibrate to room temperature for 30 min amsaved in
275uL of 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) tach 1 mmol.[* concentration. Then, the resulting clean
solution was aliquoted in six micro-centrifuge tab&he HFIP was allowed to evaporate in a fume haad the
resulting films were dried under vacuum in a Spesd\Films were stored at -80°C until use.

1.2.2.Preparation of A3, fibrils

A positive control (B,fibrilar) was prepared by resuspending the pefildein 6 pL of sterile dimethylsulfoxide
to 6 mmol.L* final concentration and sonicated for 10 min. Fésulting solution was diluted with 39 of a10

mmol.L* solution ofHCI to reach 1mmolifinal concentration and immediately mixed for 3G@eds. The
resulting solution was incubated at 37 for 24 hours under stirring. The formation ofrfi was confirmed by
analyzing ThT fluorescence emission and atomicefonicroscopy.

1.2.3. Preparation of samples for evaluation of thanti-fibrillogenic activity

To study the effect of levofloxacin and quinolodeon the AB,Jfibrillization process, the peptide film was
resuspended in 6 pL of a 0.2 mmdl.lsolution of the test-compounds in sterile dimesbifoxide and then
sonicated. As a way of inducing the formation ofifs, 30uL of a 10 mmol.*HCI solution were added. Aliquots
(5 pL) of the peptide solution were added to 1 mL dfison of ThT in phosphate buffer pH 7.4 (0.05 mrhd)
before analyzing. Samples were immediately analyizg¢@nd after incubation for 24 h at 37 °g)(tA solution of
ThT in buffer pH 7.4 (0.05 mmol:l) was used as control. Experiments were performetliplicate.

1.2.4. Preparation of samples for the disaggregatiostudies

AB fibrils prepared as above described were resuggenith 6 pL of a solution of test-compound in leuf{0.2
mmol.LY). The resulting mixture was incubated for 24h @t °€ and after this period, the ThT fluorescence
emission was measured.

1.2.5.Thioflavin T fluorimetry assay

A stock solution of thioflavin-T (ThT) was prepagiby adding 8 mg of ThT to 10 mL phosphate buffdrfp4 and
filter through a 0.2 um syringe filter. This stastdution was stored in the dark and is stable fmus one week. On
the day of analysis, the stock solution was diluted phosphate buffer (ImL of ThT stock to 50 mkffer), to
generate the working solution. The fluorescencenisity was measured by adding 5uL of protein smhutd the
cuvette containing 1mL working solution, stirreda fomin, and measured the intensity of fluorescdncexcitation
at 450 nm (slitwidth 10 nm) and emission at 485(slitwidth 10 nm). The results are the mean offtearescence
spectra measures. Fluorescence measurements weeel @a a Varian Cary Eclipse spectrofluorimetajgparatus
at 450 and 485 nm excitation and emission wavelhesngtspectively.

1.2.6.Atomic Force Microscopy (AFM)

Peptide preparations, such aBsAin DMSO (A), AB4 in HCI (B), AB4 in HCI in the presence of levofloxach

(C) and in the presence of quinoloféD) were characterized using and atomic force osicope Topometrix TMX
2010 using blinking mode (non-contact). Samplesewanalyzed immediately preparation) (and 24h after
incubation (i;). A silicon cantilever was used with resonanceudency in the range of 180-191 KHz. Samples were
prepared by spotting 10-50 pL of peptide solutiah4d0 pmol/L concentration on freshly cleaved nmaca then,
dried at room temperature under vacuum, for 1 h.

RESULTS AND DISCUSSION
The development of new pharmaceuticals is a lomg tand costly process. The strategy named drugiteping

or repurposing can be of great benefit and congistdentifying a new use for existing approvedgiu[13] Since
the development of a new drug for treating AD high-risk process for the pharmaceutical industrig approach
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can greatly contribute.[14] A number of approvedgd have been tested for control symptoms, inctudinti-
inflammatory, antidepressants and antimicrobiah&gl5]

Here, we report the results of studying the effi#fcthe antimicrobial agent levofloxaci8)(and 3-carboethoxy-4-
quinolone @) on the A fibrils formation. The former compound was seldcfer this study due to the ability to
chelate divalent cations and the well-known phaokietic profile. Moreover, an almost planar geaynseems to
be one of the common structural characteristiclloh@-peptide inhibitors of B aggregation like clioquinol and
hydroxypyridinones. As well as levofloxaci8){ quinolonedhas chelating properties. [10] The fluorine atonthat
C-6 of the aromatic ring of levofloxacin was nonsaered when choosing the quinolahesince its presence has
been reported as a structural feature relatecetinttrease of the antimicrobial activity.[16]

Effect of levofloxacin and quinolone 4 on the fibilization of AP peptide

The evaluation of the B peptide fibrils formation can be carried out byerl methods, including thioflavin-T
fluorescence emission, microscopy, gel electromisreand/or circular dicroism. [17] Here, the effeat
levofloxacin and quinolone onAfibrils formation was evaluated by Tht fluoresceramission assay and atomic
force microscopy. Samples were prepared as deddnitde Experimental Section.

2.1.ThT-fluorescence emission assay

In order to induce the fibrils formation, we chodke method described by Dahlgren and co-workes$ (ising
acidic conditions (HCI solution) to produce a pesitcontrol for the fibrils formation. Zhou and wmrkers
reported the A fibril formation using phosphate buffer, but tpimcess takes about 7 days. [19]
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Figure 3. ThT fluorescence emission of By, positive control (bold line), levofloxacin (levo)}+ AB., (normal line) and quinolone + A4,
(dashed line)

Thioflavin-T has a typical fluorescence spectrangegwhen bound to amyloid fibrils.[20] As more fibrare
attached, greater is the fluorescence intensitypr Bv analyzing the effect of levofloxacin and plione4 on the
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ABgfibrillization, fluorimetric spectra of these compuds were recorded and we found that they did mtetfere
with the ThT emission.

As shown in Figure 3, co-incubation oA with levofloxacin for 24 h (normal line) reduce®tfhT fluorescence
emission, compared to the control (bold line). Aithr result was observed when levofloxacin wadaegd by
quinolone4 (dashed line), which exhibited a pronounced effecthe ThT fluorescence emission.

The more effectiveness of quinoloden inhibit the ABfibrillizationmay be related to a more planar getmyne
compared to levofloxacin (Figure 4). Short peptidestaining phenylalanine residues were found tad ko

amyloid peptides, leading to well-ordered fibriklf23] These observations raised the hypothestsrtstacking

interactions have a possible role in the self-asdemof AB fibrils.[24] In fact, a planar geometry seems ® &
molecular recognition pattern for all reported hitors of fibrillogenesis.

) S DS o

Figure 4. Optimized geometries of levofloxacin 3€ft) and quinolone 4 (right)

The decrease in the intensity of ThT fluorescenagsgon associated to thepAfibrils formation, could be
attributed to the inhibition of fibrils formatiorr/and the solubilization of pre-formed fibrils. émder to clarify this
point, a study on the disaggregation of pre-formA§qg, fibrils was conducted. Thus,BApeptide was treated with
HCI, as above mentioned, and the fibrils formaticas verified by measuring the ThT fluorescence simisafter
24 h. The sample containingB4 fibrils was then incubated in the presence of fiexacin (0.02 mmol. %) for
additional 24 h and the ThT fluorescence was measurhe same procedure was adopted to evaluatffdat of
quinolone4 (0.02 mmol. [*) on AB fibrils. In the presence of levofloxacin, theresnan increase in the ThT
fluorescence emission, suggesting that levofloxddashed line, Figure 5A) is not able to disaggiedhe pre-
formed fibrils, while quinolond (dashed line, Figure 5B) promoted a decreasirthanThT fluorescence emission,
when incubated with pre-formed fibrils. We conclddbat in addition to reduce the fibrils formatiauinolone 4
disaggregates pre-formed ones.
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Figure 5. Top: ThT fluorescence emission of By fibrils (bold line), A a4 fibrils + levofloxacin (dashed line). Bottom: ABa fibrils (bold
line) + quinolone 4 (dashed line)
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Figure 6. Morphological studies of A4, immediately after mixing (top) and after 24h of ircubation. (A) in DMSO, (B) in HCI, and in the
presence of levofloxacin (C) and quinolone 4 (D)

2.2. Atomic Force Microscopy (AFM)

Morphological studies of samples were performedaifopometrix TMX 2010 atomic force microscope using
blinking mode (non-contact). A silicon cantilevera 180-191 kHz resonance frequency range was Aséd.is a
technique that allows the detection df-peptide aggregates measuring ~1 nm and microrfibtds. Thus, A34,
peptide solutions (10-50 pL) at 10 umat.toncentration, in the presence and without testpounds, were spotted
on freshly cleaved mica. The final preparationseadnied at room temperature under vacuum in a Sfsetbr 1

h. Samples were analyzed afFigure 6, top) and after 24 h of incubation (F&é, bottom). AFM images showed

998



Wanda Pereira Almeidaet al J. Chem. Pharm. Res., 2015, 7(8):993-1000

that A3, in DMSO (without HCI addition) was not convertedarfibrils, but some aggregates were observed
(Figure 6A). On the other hand, wheB/Awas incubated with HCI, fibrils measuring 6 x 7B@00 nm were
detected (Figure 6B). According to the literatukd, fibrils are larger than um. [25] In contrast, fibrils were not
detected when @ was incubated with HCI in the presence of levddlcir or quinolone for 24 h (Figures 6C and
6D). Only a little amount of oligomers measuringr@ and 4 nm were formed in the presence of levafioxand
quinolone4, respectively.

CONCLUSION

Alzheimer’s disease has a multipathogenic natudenammerous research groups are involved in fingiotgntial
drugs to combat this disease, based on the desifrsecretase angsecretase inhibitors and substances able to
reduce the aggregation and/or the formation of amiibrils. Since the accumulation of copper amdczn the
CNS was implicated in the physiopathology of AD,tahechelators have been explored as prototypesritic
amyloidogenic drugs. The ability of levofloxacindammther quinolones to form metal complexes attchaiar
attention and commercial sample of levofloxacin #mat quinolone were evaluated as potential inbibiagainst
AB4, aggregation. Quinolongéwas synthesized in a four step sequence from-thigdbenzaldehyde in 41% overall
yield. In our studies on the effect of levofloxa@nd 4-quinolone on the aggregation @@;Apeptide, we have
found that both compounds decrease the ThT fluerescemission. Quinoloreshowed to be more effective than
levofloxacin in decreasing ThT fluorescence emissiQuinolone4 is equivalent to the planar moiety of
levofloxacin and, as previously mentioned, a plageometry seems to be one common structural clesistat of
all non-peptide inhibitors of the#fibrillization. In view of the most pronounced et of this quinolone, compared
to the levofloxacin, a more planar geometry cowddivolved in the effectiveness of the candidatemhibit the
AR fibrils formation.

Moreover, preparations of thef4 peptide incubated with levofloxacin and quinolofein the aggregation
conditions were analyzed by atomic force microscapg showed no fibrils. Additional ThT fluoresceremission
studies indicated that quinolodalissolves pre-formed fibrils, while levofloxaciasino effect.
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