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Abstract

A class of molecules that treats multiple age-related diseases would have a major impact on
global healthy aging and economics. Polyphenols and related natural products that are
abundant in food and beverages are arguably the most promising family of preventative and
protective compounds for the alleviation of multiple aging-related diseases or disabilities,
including AD. Their extensive metabolism by gut microbiota has revealed that, ultimately,

the polyphenol-gut microbial derived products are attributed to simple phenolic acids.

Our study investigated whether the anti-AD effects of the human dietary intake of
polyphenols may confirm the efficacy of the major or highest median levels of urinary
excretion of phenolic acids in inhibiting amyloid fibrils. Therefore, ThT assays were
performed on a library of simple phenolic acids and related compounds to study the efficacy
of their prevention of amyloid fibril generation.
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Four of the analyzed polyphenolic acids, namely 3-hydroxyphenyl acetic acid, caffeic acid,
2,4-dihydroxycinnamic acid, and L-dopa, showed significant ThT fluorescence inhibition,

which is an indication of significant anti-amyloidogenic activities.

The second stage, which was based on the previous ThT results, entailed the re-designing and
synthesizing of structures related to the phenolic metabolites. From the ThT assay, the two
synthesized compounds in this study showed a higher activity than that of EGCG.
Furthermore, our ThT assay results highlighted the importance of the phenolic hydroxyl
groups in the structure and also indicated the effect of position and number of the hydroxyl
groups and other moieties linked to the phenyl ring in the structure.

Keywords: Alzheimer; phenolic compounds; amyloid beta; polyphenol; urine metabolites;

caffeic acid; antioxidant.
i g gleadU Baliaa Jal g2 J gl gal) (pa AR ciluliiocal) Julas

ua&.h.“
daall dnpiall o S 5l L s A8 il e Al saamiall () a1 llad il LSyl 38 )
sl e A il pall 5 dandal) 83 8 gl dpadall Cilaiiall g Jsidl ) L Aslaall (S5 Gaallal) SLaBY
LDl S AD @l b Ly ¢ pendly pailly ddag yall e Y 5 (il jaY) (ga 34 5 Andlay 520 5l LS yall
abaal () ot 4 gl 5 Saall ddasd 5y AELERN J i) o) Cilatia o) A grall Gl ySeall a5y a5l
il Al (& Al J suall
Lisgia HSI o def dallas 255 38 Jginddd gl Lilde ) J ot AD J saliadd) el il el 13) Lad Wit ja Ciay
Ao gena o THT cliasad ol ) i llaly Ao shaa¥) CLIYI Jandi (8 Jgidl) alea¥ Jsall 518Y) il sinsal
O Ayl el (50 sha¥) Calll o il Lgria 3 Lgillad Al Alall el LS pall g Adapeadl il (alaal (g
=y F sl Gaes il JidnSsome (W gmes oy deldad W8l Jsuid gl Galesl
saliaall dalgll 2daziY) e i @Al 5 CTHT e sl Us sale Uy < jelal clyga-J s claalinnn 5 jag0

syt

A il il litaally Aalaiall JSUgll wsend s maanal sale) i) THT gl ) ot 3l Al Al ) it
@y e s e EGCG bl (e e Ualias dul )l o2 & limesd) Gl yall & jelal «THT Llas) A (e
205 aase Baaal ) ol Ladls JSel) (3 Jaidll JauSspam e gane Bpaal Lal THT gl < el

el (A Jal) dalay ddag el i o) (e L e 5 JanS 5 Haed) Cle gana

32SY) alian (Ll aaa o] sl i o sl on (Ui Al el (A 5id LS ja ¢ paila 1 sdoalidal) clalsl)

2|Page


http://www.mecsj.com/

Multi-Knowledge Electronic Comprehensive Journal for Education and Science Publications (MECSJ)

ISSUE (33), June (2020)
ISSN: 2616-9185

www.mecsj.com

1. Introduction

B-amyloid (AP) fibrils aggregates have been found in autopsied samples from the brains of
patients with AD. These AP peptides are generated after being cleaved from amyloid
precursor protein (APP) by B-secretase, which is followed by y-secretase. Inhibition of A
assembly is a potential approach to treat or prevent AD (Kang, Seo & Park, 2016).

AD is the most common amyloid disease, and was first described by Alois Alzheimer in 1906
(Graeber et al., 1997). This disease is characterized by the formation of amyloid plaque
neurofibrillary tangles in the patients’ brains. Beta-amyloid (AB) peptides are the major
constituents of the plaques. The deposition of amyloid fibril is also associated with other
diseases such as Parkinson’s disease and type II diabetes (Manach, Morand, Rémésy &
Jimenez, 2004). The consumption of food, which is rich in polyphenols, is an essential
feature of healthy living (O’Keefe et al., 2014). However, after consumption, the
polyphenolic compounds pass through the gastrointestinal tract and are absorbed into the
circulatory system, becoming metabolites (Rio et al., 2013). A study by Lin et al. showed that
a wide range of phenolic acids is generated after microbiotic metabolism of flavonoids (Lin,
Yang, Wang & Ling, 2016). Some researchers in animal studies have reported that phenolics
are generated during the metabolism of aromatic amino acids (Takahama & Murata, 2002).
Furthermore, Sasot et al. (2017) and Urpi-Sarda et al. (2015) reported that there are up to 70

phenolic metabolites from wine intake that have been detected in human urine.

It has previously been shown that small quantities of polyphenols are absorbed into the
bloodstream when consuming food rich in polyphenols (Gasperotti et al., 2015; Selma, Espin
& Tomas-Barberan, 2009). The gut microbiota plays a major role in human health as it
produces catabolites by microbial metabolism polyphenols (Gasperotti et al., 2015; Selma,
Espin & Tomas-Barberan, 2009). Gasperotti et al. (2015) observed that after intravenous
injection of 23 known polyphenol metabolites into a rat (see Figure 1) only 10 phenolic

metabolites crossed the blood brain barrier (BBB).
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Figure 1: Polyphenolic metabolites that cross BBB

The Urine Metabolome Database (UMDB: http://www.urinemetabolome.ca/) contains a
complete list of all the possible metabolites that have been detected in human urine. 10
phenolic compounds have been chosen in this study to measure their ability to inhibit fibrils
by using the ThT assay. This study focused on testing the ability of the chosen compounds to
inhibit or reduce the aggregation of HEWL amyloid and to prepare related compounds based

on these chemical structures in order to increase the inhibition of amyloid fibrils.

In addition, a new study has been done in this study to draw a picture of how combining two
amyloid fibril inhibitors affects the ability of the inhibitor against amyloid fibril. The ThT
assay results of this combination did not provide a complete picture to understand that effect.
Thus, more studies and biological tests are required to understand the effects of combining

inhibitors.
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2. Aim and objectives

In this study, a group of phenolic metabolite compounds found in human urine were screened
for activity against beta amyloid formation. Furthermore, in order to explore the importance
of the hydroxyl groups, their position and number in the polyphenolic structures, various
phenolic compounds were synthesized and similarly investigated to study their ability to
reduce or inhibit the fibril accumulation. This is the first ThT-biophysical evaluation of the
consequential health status of the urinary polyphenols, most highly correlated with food
intake/consumption that may reflect and mirror the relationship between polyphenol
consumption and their prophylactic effect on chronic diseases, including AD. In addition,
combining inhibitors was applied, in this study, between caffeic acid and natural flavonoids,
and their ability to inhibit fibril aggregation was tested by using ThT assay to study the effect
of combining inhibitors against fibril formation.
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3. Material and Methods
3.1 Amyloid aggregation of lysozyme HEWL

The ability of the phenolic compounds to inhibit the aggregation of HEWL fibrils was
assessed by incubating compounds with HEWL at 70 °C and pH 2.0, and measuring the
fluorescence intensity changes with ThT. In order to adjust the baselines and eliminate the
effect of the synthesized compounds on the ThT assay, the intrinsic fluorescence of each the
compounds tested was also measured in the absence of protein (Hudson, Ecroyd, Kee &
Carver, 2009).

3.2 ThT fluorescence assay

Changes in the ThT fluorescence intensity in the presence or absence of amyloid fibrils was
used to examine the degree of fibril formation HEWL. Incubation of HEWL under the
conditions of low pH and elevated temperature resulted in the formation of amyloid fibrils. In
this study, the growth of amyloid fibrils was monitored and characterized using ThT
fluorescence and the increase in ThT fluorescence emission was observed after incubating the

control sample for three days.

Before incubation, at 0 h, the measured fluorescent intensity for all the test inhibitor
compounds was similar to the hen egg protein in buffer solution, which means all the

measured compounds did not have any fluorescence and interact with the ThT dye.

11 commercially available phenol compounds were tested for their activity against the
HEWL fibril formation. Then, based on the previous results, a library of phenolic compounds
was prepared and ThT assay studies were used in order to examine the inhibitory activity of
these compounds. In addition, caffeic acid was mixed as equimolar mixtures with two types
of flavonoids, namely hesperetin and naringenin to understand the effect of combining
inhibitors and if this combination decreases or increases the ability of the tested compounds
against amyloid fibrils. Moreover, ThT assays were also used in order to evaluate the ability
of the flavonoids as well as the mixture of the caffeic acid and flavonoids to inhibit amyloid
fibrils (see figures 2-4).
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4. Results and Discussion

A family of 11 polyphenolic metabolites in human urine was screened for anti-amyloidogenic
activity against amyloid fibril. In this study, we used HEWL as it can be converted to typical
amyloid fibrils under the conditions used. Although there was a significant reduction in the
fluorescence intensities associated with all the compounds after 144 h of incubation, four
phenolic compounds, namely caffeic acid, 2,4-dihydroxycinnamic acid, L-dopa and 3-
hydroxyphenyl acetic acid, were the most effective in inhibiting HEWL fibril formation.
These results suggest that these compounds are efficient amyloid inhibitors. Furthermore, our
results support the outcome of the study conducted by Porzoor et al. in 2015, which stated
that the main factor for anti-amyloid-aggregation properties is not the number of the phenolic

hydroxyl groups but the position of them on the chemical structure (Porzoor et al., 2015).

ThT assays monitor the formation and growth of amyloid fibrils. The fluorescence intensity
of ThT significantly increased when the test compound did not bind or inhibit the highly
ordered B-sheet structure of amyloid fibrils. In order to increase the rate of fibril formation of
HEWL, we used heat and acidic conditions (Chaari, Chevillot-Biraud & Rholam, 2015). The
increase in the ThT fluorescence emission was observed after incubating the control sample
for three days. The results pertaining to ThT assay are shown in Figure 3.3. In the presence of
vanillin, homovanillic acid, ferulic acid, 3,4-dihydroxybenzoic acid, vanillic acid,
cinnamaldehyde , and 4-hydroxyphenyl acetic acid, the ThT profiles showed that these
compounds had a slight effect on lysozyme fibrillation. In contrast, the caffeic acid, 2,4-
dihydroxycinnamic acid, L-dopa, and 3-hydroxyphenyl acetic acid presented significant
inhibitory effects on the amyloid formation of lysozyme, with the greatest inhibition of fibrils

being for caffeic acid (Figure 2).

In general, all the tested compounds in this study differed in their ability to inhibit the fibril
formation. Therefore, they can be presented in the following order:

Caffeic acid > 2,4-dihydroxycinnamic acid > L-dopa > 3-hydroxyphenyl acetic acid >
vanillin > homovanilic acid > ferulic acid >3,4-dihydroxybenzoic acid > vanillic acid >

cinnamaldehyde > 4-hydroxyphenyl acetic acid
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Figure 2: The ThT Fluorescence intensities of urinary metabolites.Error bars are the

standared deviation of the fluorescence measurement based on triplicate samples.

In the second set of ThT assays, a library of compounds has been synthesized based on the
previous results. Caffeic acid in the first assay shows the best ability to inhibit fibrils and that
directed us to synthesize compounds based on the chemical structure of caffeic acid. Only
very pure compounds have been used in the second ThT assay, and EGCG was tested with
our compounds as a reference, to make a comparison between the synthesized compound and
EGCG.

The majority of the synthesized compounds exhibited high levels of activity against fibril
formation (see Figure 3). Entry 16, Henry product which has two hydroxyl groups in the
structure linked to the benzene rings exhibited the greatest fibril inhibition, better than
EGCG. This was followed by compound entry 12, and compared to caffeic acid, there is no
significant difference between caffeic acid and dihydrocaffeic acid. However, compound
entry 13, presented a high level of inhibition compared to the parent compound, ferulic acid.
In entry 15, the Henry product which has a chloro substituent in the para position of the

benzene ring, also showed good activity in reducing fibril accumulation.
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The Henry compound (entry 14) that has a methoxy group in the para position of the benzene

ring does not display that effect in the ThT assay.

From these results, small synthesized compounds in this study presented a good ability to
reduce fibril formation. This study presented the importance of the hydroxyl groups in the

structure in reducing the accumulation of amyloid beta oligomers.

100 100

90 78
80
70
60
50
40
30

% Fluoresence Intensity

20 L — 11
10 = -
[
'Y 'Y 1

Fibril EGCG

\E3 Vo

Entries

Figure 3: The fluorescence intensities of best polyphenols showing anti-amyloidogenic
activitie. Error bars are the standared deviation of the fluorescence measurement based on

triplicate samples.

In the third set of ThT assays (Figure 4), we studied the effect of mixing caffeic acid with two
types of flavonoids. Thus, equimolar mixtures of caffeic acid and hesperetin or naringenin
have been tested by the ThT assay to examine the ability of the mixture of the caffeic acid
and flavonoids to inhibit the amyloid fibrils. The fluorescence intensity of the flavonoids
before mixing with caffeic acid showed low activity. However, after mixing, the mixture of
naringenin or hesperetin and caffeic acid demonstrated better activity in reducing the
fluorescent intensity. The mixture that contains naringenin and caffeic acid exhibited better
activity compared to the mixture of hesperetin and caffeic acid and that may be related to the

chemical structure of both flavonoids.
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In other words, naringenin and caffeic acid may interact better with the amyloid beta
structure and that may be because of the number and position of the hydroxyl groups in the
structures. The study of the effects of combining inhibitors is a new subject and we are not

aware of any prior research having been done on this combination.

The results in this chapter indicate a potential new approach to inhibit fibril formation
through cooperativity between two inhibitors, though more research is required to understand

that effect. Thus, more studies and biological tests are required to understand the effects of

combining inhibitors.
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Figure 4: ThT fluorescence assays for the flavonoids and the mixtures of caffeic acid and

flavonoids. Error bars are the standared deviation of the fluorescence measurement based on

triplicate samples.
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Table 1: Chemical names and structures of ThT-assayed compounds shown in Figures 2, 3, 4
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5. Experimental

Starting materials and reagents were obtained from Sigma Aldrich and AK Scientific and
were used without further purification. In some experiments, the solvents were dried by using
standard methods. Thin layer chromatography (TLC) on Merck 60 F240 pre-coated silica gel
polyester plates was used to follow the progress of the reaction, and products were visualized
with 254 nm ultraviolet irradiation. Flash column chromatography was performed on Merck
silica gel 60, 40-63 um (mesh).

Nuclear magnetic resonance spectra were recorded on a Brucker-DPX, for proton (1H) NMR
spectra at 300MHz and for carbon (13C) NMR spectra at 75. Mass spectral data was
collected on a Varian Saturn 2200 analytical mass spectrometer. All compounds are named in

accordance with ChemBioDrow Ultra.

5.1 Synthesis of compounds (12 & 13):

Compounds (12 & 13) were prepared according to the procedure described by Gaire, et al. *°.
Palladium on charcoal (10 mol%) was added to a solution of o, B-unsaturated acids (1.0
mmol) in methanol (1.0 mmol). The reaction mixture was stirred under H. gas (balloon)
atmosphere for about 2 h at room temperature. The progress of the reaction was monitored by
TLC and once the reaction was complete, the mixture was filtered and the filtrate was then
dried under vacuo. The product was purified by column chromatography to give a pure
desired product with yield 60 & 50 % respectively.

3-(3,4-dihydroxyphenyl) propanoic acid (12)

HO COOH

S
Molecular formula: CoH1004; MM: 182.06 g/mol; Yield: 60%, white crystals. *H NMR (300
MHz, ds-D20): 5 6.75 (1H, d, J=9 Hz, ArH), § 6.73 (1H, s, ArH), 5 6.60 (1H, d, J=9 Hz,

ArH), § 2.69 (2H, t, -CH2), 8 2.52 (2H, t, -CHy). 2*C NMR (150 MHz, ds-D,0) 178.07,
143.82, 142.13, 133.50, 120.43, 116.22, 116.04, 35.58, 29.52. GC-MS:m/z (%) 182 M+.
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3-(4-hydroxy-3-methoxyphenyl) propanoic acid (13)

H3COI>/\/COOH
HO

Molecular formula: C10H1204; MM: 196.07 g/mol; Yield: 55%, white crystals. *H NMR (300
MHz, ds-D20): 6 6.79 (1H, s, ArH), 6 6.74 (1H, d, J=9 Hz, ArH), & 6.63 (1H, d, J=9 Hz,
ArH), § 3.73 (3H, s, -OCHs), 6 2.72 (2H, t, -CH2), § 2.53 (2H, t, -CH,). **C NMR (150 MHz,
de-D20): 178.04, 147.22, 143.03, 133.33, 120.84, 115.41, 112.62, 55.82, 35.62, 29.83. GC-
MS:m/z (%) 196 M+.

5.2 General procedure for the synthesis of Henry products (14-16, 20):

Henry products were synthesized according to the procedure used in Luzzio (2001). A round
bottom flask was charged with Aldehyde (1 equiv), nitroethane (1.5 equiv) and ammonium
acetate (1 equiv) and acetic acid (10 mL). The reaction mixture refluxed for 24h and the
resulting mixture was extracted with ethyl acetate concentrated in vacuo and recrystallised

from ethanol.
Or:

A 10 mL microwave reaction vessel was charged with aldehyde (1 equiv), nitroethane (1.5
equiv) and ammonium acetate (1 equiv). The reaction mixture refluxed for 24h and the
resulting mixture was extracted with ethyl acetate concentrated under vacuo and

recrystallised from ethanol.

(E)-1-methoxy-4-(2-nitrovinyl) benzene (14)

/@/\/N02
H,CO

Molecular formula: CoH9NO3z; MM: 179.06 g/mol; Yield: 87%, yellow crystals. *H NMR
(300 MHz, de-CDCl3): 6 7.99 (1H, d, J = 12 Hz, -CH), 8 7.55 (2H, d, J=9 Hz, ArH),  7.51
(1H, s, -CH), § 6.68 (2H, d, J=9 Hz, ArH), § 3.89 (3H, s, -OCHs). *C NMR (150 MHz, ds-
CDCls): 162.97, 139.04, 135.06, 131.18, 122.57, 114.95, 55.55. GC-MS:m/z (%) 179 M+,
180 M+1.
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(E)-1-chloro-4-(2-nitrovinyl) benzene (15)

/©/\/N02
Cl

Molecular formula: CsHsCINO2; MM: 183.01 g/mol; Yield: 80%, yellow crystals. *H NMR
(300 MHz, ds-CDCl3): 6 7.99 (1H, d, J=12 Hz, -CH), 5 7.55 (2H, d, J=9 Hz, ArH), 6 7.51
(1H, s, -CH), & 6.68 (2H, d, J=9 Hz, ArH), § 3.89 (3H, s, -OCHa). *C NMR (150 MHz, d¢-
CDCls): 162.97, 139.04, 135.06, 131.18, 122.57, 114.95, 55.55. GC-MS:m/z (%) 183 M+,
184 M+1.

(E)-1,2-dimethoxy-4-(2-nitrovinyl) benzene (20)

Molecular formula: C10H11NOs; MM: 209.07 g/mol; Yield: 63%, yellow crystals. *H NMR
(300 MHz, de-CDCls): 6 8.46 (1H, d, J=14 Hz, -CH), 6 8.02 (1H, d, J=14 Hz, -CH), 6 7.42
(1H, d, J=8 Hz, ArH), 6 6.92 (1H, s, ArH), 6 6.76 (2H, d, J=8 Hz, ArH), & 3.85 (3H, s, -
OCHa), § 3.72 (3H, s, -OCHs). 3C NMR (150 MHz, ds- CDCls): 152.62, 152.01, 137.32,
136.43, 124.43, 123.55, 118.56, 117.92, 112.43, 55.55. GC-MS: m/z (%) 209 M+, 210 M+1.

(E)-4-(2-nitrovinyl) benzene-1,2-diol (16)

. NO,

OH

Compound 16 was prepared by demethylating compound 20 according to the procedure
described by Park et al. (2003). Methoxy product 20 (1 equiv.) was dissolved in dry CH2Cl
and the solution was cooled using a dry ice acetone mixture. A solution of BBr3z in CH2Cl;
(2.0 M, 3 equiv. per methoxy group) was added to the mixture and stirred for 1 hour. Then,

the mixture was allowed to cool at room temperature and stirred for 24 hours.
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Methanol was added after that to quench the reaction and then the solvent was evaporated.
The product was purified by column chromatography to give a pure product with high yield
(66%).

Molecular formula: CsH7NO4; MM: 181.04 g/mol; Yield: 66%, brown solid. *H NMR (300
MHz, de-DMSO): 6 10.05 (1H, s, OH), 6 9.29 (1H, s, OH), 8 7.95 (2H, s, -CH), 6 7.20 (2H, s,
ArH), § 6.83 (1H, d, J=9 Hz, ArH). ¥*C NMR (150 MHz, ds- DMSO): 162.97, 139.04,
135.06, 131.18, 122.57, 114.95, 55.55. GC-MS:m/z (%) 181 M+.

6. ThT fluorescence assay to examine amyloid aggregation

6.1 Materials and methods

6.1.1 Proteins and reagents

Hen egg white lysozyme (MW 14.3 kDa) was obtained from Sigma-Aldrich, ThT and all
phenolic compounds were purchased from Sigma-Aldrich and AK-scientefic, namely,
Caffeic acid, 2,4-dihydroxycinnamic acid, L-dopa, 3-hydroxyphenyl acetic acid, vanillin,
homovanilic acid, ferulic acid, 3,4-dihydroxybenzoic acid, vanillic acid, cinnamaldehyde, 4-

hydroxyphenyl acetic acid. All materials were used without further purification.

6.1.2 Preparation and characterization of lysozyme fibrils

Lysozyme fibrils were prepared by dissolving 120 mg hen egg white lysozyme in 6 ml buffer
(pH 2.0) with a concentration of 20 mg/ml. In this study, the buffer was prepared first and it
was a mixture of 0.1M K;HPO4 and 0.1M NaOH to reach to pH7, and after adding HEWL
protein, with or without samples, the pH was adjusted to be 2.0. The concentrations of
phenolic compounds were 0-2 mg/ml. The mixture was incubated for 3—6 days at 70 °C. The
growth of lysozyme fibril was monitored by ThT fluorescence, and the fluorescence emission

spectra measured in (Aex 440 nm, Aem 450—700 nm).

6.1.3 ThT assay

ThT fluorescence assay was performed with a Horiba scientific fluoromax X-4. An excitation
wavelength of 440 nm and an emission wavelength of 486 nm were used. A stock solution of
ThT was prepared in 0.1 M phosphate buffer (pH 7). This stock solution (1 mL) was diluted
with 50 mL of phosphate buffer and then used as a working solution (50 uM).
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To measure fibrillation kinetics HEWL, incubation solutions without or with phenolic
compounds were taken out of the incubation vial at different times (0 h, 2 h, 7 h, 24 h, 48h,
72h and 144 h) and were subjected to the assay immediately. This assay has been performed
in triplicate, and for each measurement 10 uL of incubation solution was added into 4 mL of
ThT solution in a quartz cuvette. The solution in the cuvette was shaken before running each

acquisition.
7. Conclusion

We investigated whether the anti-AD effects of the human dietary intake of polyphenols may
hinge on confirming the efficacy of the major or highest median levels of urinary excretion of
phenolic acids to inhibit amyloid fibrils. Therefore, thioflavin T (ThT) assays were performed
on a library of simple phenolic acids and related compounds to study the efficacy of their
prevention of amyloid fibril generation. Three of the analyzed polyphenolic acids, namely 3-
hydroxyphenyl acetic acid, caffeic acid, 2,4-dihydroxycinnamic acid including L-dopa,
showed significant amyloid fibril inhibition, an indication of potential anti-amyloidogenic
activity. Also, a library of related compounds was prepared based on the previous results and
most showed improved ThT assay fluorescence inhibition. In addition, combinations of
caffeic acid with natural flavonoids were similarly analyzed using the inhibition of HEWL
fibril formation by the ThT dye protocol. The fluorescent intensity of the flavonoids before
mixing with caffeic acid showed low activity. However, after mixing, the mixture of
naringenin or hesperetin and caffeic acid demonstrated better activity in reducing the
fluorescent intensity. The mixture that contains naringenin and caffeic acid exhibited better
activity compared to the mixture of hesperetin and caffeic acid and that may be related to the
chemical structure of both flavonoids. In other words, naringenin and caffeic acid may
interact more strongly with the amyloid beta structure and that may be because of the number
and position of the hydroxyl groups in the structures. The study of the effects of combining
inhibitors is a new topic and there are no prior studies that we are aware of on this. Further
studies and biological tests are required to understand the effects of combining inhibitors of

fibril formation.
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