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ABSTRACT

Washingtonia filifera seeds have revealed to possess antioxidant properties, butyrylcholinesterase and xan-
thine oxidase inhibition activities. The literature has indicated a relationship between Alzheimer’s disease
(AD) and type-2 diabetes (T2D). Keeping this in mind, we have now evaluated the inhibitory properties of
W. filifera seed extracts on o-amylase, a-glucosidase enzyme activity and the Islet Amyloid Polypeptide

(IAPP) fibrils formation.

Three extracts from seeds of W. filifera were evaluated for their enzyme inhibitory effect and ICsy values
were calculated for all the extracts. The inhibition mode was investigated by Lineweaver-Burk plot analysis

and the inhibition of IAPP aggregate formation was monitored.
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W. filifera methanol seed extract appears as the most potent inhibitor of a-amylase, a-glucosidase, and for

the IAPP fibril formation.

Current findings indicate new potential of this extract that could be used for the identification or develop-

ment of novel potential agents for T2D and AD.

Introduction

Consistent hyperglycaemia characterises type-2 diabetes (T2D), a
condition caused by enzymatic degradation of carbohydrates and
lipids in the cell, affecting glucose metabolism. Normalisation of
blood glucose prevents hyperglycaemia and the development of
diabetes complications. For diabetes patients, controlling post-
prandial hyperglycaemia is one of the main therapeutic targets.
One way to do so is to reduce starch digestion rates by consum-
ing low glycaemic index foods or intake of carbohydrate hydrolys-
ing enzymes inhibitors'. The complex carbohydrates breakdown
to glucose, through a-amylase and o-glucosidase enzymes, leads
to the rapid absorption of glucose into the bloodstream leading
to hyperglycaemia. Pancreatic a-amylase is a key enzyme in cata-
lysing the initial step of complex carbohydrates (starch and glyco-
gen) into shorter oligosaccharides, which are degraded to glucose
by a-glucosidase in the small intestine®. These enzymes’ inhibition
can reduce the high frequency of postprandial hyperglycaemia
and prevent diseases resulting from blood glucose spikes
in diabetes®.

Based on this strategy, acarbose, a potent inhibitor of a-amyl-
ase and a-glucosidase enzymes, has been approved as a prescrip-
tion drug to treat T2D in some countries®. However, inhibition of
these enzymes with commercial drugs such as acarbose results in
gastrointestinal side effects that limit its use in a preventive
approach’. For this reason, several research groups have

investigated natural products with the inhibitory potential of key
enzyme T2D-related, due to the highly abundant compounds in
nature and for their promising biological activities®'". Plants offer
excellent alternatives to manage diabetes, as they are not only
hypoglycaemic or insulin mimetic, but also prevent complications,
while no synthetic drug provide these properties'*'*,

The aggravation of T2D caused by chronic hyperglycaemia and
subsequent increase of reactive oxygen species (ROS) leads to an
augmentation of insulin resistance. The inhibitors with antioxidant
activity might have significant therapeutic potentials because the
oxidative injury appears to be a fundamental mechanism underly-
ing a few human disorders, including diabetes'>™"".

IAPP is released together with insulin in response to metabolic
stimuli, supporting a role for IAPP in glucose metabolism, possibly
as an insulin counter-regulatory hormone'®. Post-mortem, IAPP
amyloid is present in 96% of individuals with T2D'?, and recently
detected in pancreas biopsies from patients newly diagnosed with
Type 1 diabetes (T1D)%°. Oligomers that occur early in the amyloi-
dogenesis are cytotoxic to f-cells?’??, and the amyloid deposits
disrupt islet architecture and interfere with cell-cell signalling. For
this reason, more anti-diabetic drugs with complementary mecha-
nisms of action should be developed.

Furthermore, Madhusudhanan and co-workers*® have high-
lighted the correlation between T2D and Alzheimer’s disease (AD).
AD and T2D are two of the most prevalent diseases in the elderly
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population worldwide. The pathological hallmark common to
both diseases is local amyloid deposition, where aberrant aggre-
gation of amyloid-beta (Af) and IAPP is implicated in AD and T2D,
respectively. It is also evident that patients with T2D are at a
higher risk of developing AD, which is why the concept of metab-
olism-dependent neurodegeneration mechanisms is gaining
importance. Moreover, the phenomenon of oxidative stress is
known to play an important role in both AD and T2D due to the
neurodegeneration and diabetic complications, respectively, pro-
moted by ROS.

Washingtonia filifera (Linden ex André) H.Wendl. ex de Bary
belongs to the palm family that includes plant species with wide
application in human food, some of which may also be of
pharmacological interest’®. The nutritional composition of fruits,
of W. filifera have been analysed resulting a relevant source of
dietary oils and a higher concentration of carbohydrates®>?®. The
aerial part of W. filifera were also investigated for their phyto-
chemicals and antioxidant activities showing the presence of dif-
ferent flavonoids.

A previous report from our laboratory revealed the chemical
composition, anticholinesterase, and antioxidant activities of W. fil-
ifera seed extracts, which resulted in being a promising source of
bioactive compounds with inhibitory potential®’. Encouraged by
our recent finding, in this work the inhibitory properties of the W.
filifera seed extracts on o-amylase, a-glucosidase and IAPP fibrils
formation, in relation to T2D, have been evaluated.

Materials and methods
Plant material

The fruits of W. filifera were collected in Tunisia in the areas of
Gabes (G) and Sousse (S). The fruits of W. filifera, were separated
as pulp and seeds. The last were crushed separately then macer-
ated in different solvent; precisely, 25 g of seeds were extracted in
100mL of water (AE, aqueous extract), ethanol (EE, ethanol
extract) or methanol (ME, methanol extract) for 72 h, at room tem-
perature under continuous stirring. After filtration and centrifuga-
tion at 10,000rpm, ethanol and methanol extracts were
concentrated under vacuum using a rotary evaporator while the
obtained aqueous extracts were then lyophilised for further ana-
lysis. In order to perform the characterisation of phenolic compos-
ition, fats and other non-polar compounds where removed by
treating the extracts with n-exane as following: 10 mL of n-hexane
were added to 200mg of extract, filtered under vacuum with
Bruckner, and the control of filtrate on TLC.

UHPLC-ESI-QqTOF-MS analyses

Kinetex 150 x 2.1 mm ID 2.6 um, options: 1) F5 (pentafluorophenyl)
2) C18 was used (injection volume 5plL, 0.5mg/mL). The elution
gradient established was isocratic 0-10% B over 0.8 min, 10-14%
B over 14 min, 14-15% B over 23.5min, 15-60% B over 28.7 min,
60-100% over 37 min and re-equilibration of the column, where
the elution buffers were formic acid 0.1% on aqueous solution (A)
and formic acid 0.1% on acetonitrile solution (B). Double online
detection was carried out as in the DAD using 210, 280, 330 and
370nm as the preferred wavelengths. Compact QqTOF-MS (Bruker
Daltonics) was operated in negative and positive mode and cali-
brated with the sodium formate clusters. The calibration segment
was introduced at the beginning of every run. The main MS
parameters were following: scan range 50-1400m/z, nebuliser
pressure 1.5bar, dry gas (N2) 7.0L/min, temperature 200°C,

capillary voltage 2.2kV (negative mode) 4.5 kV (positive mode), ion
energy 53¢V, collision energy 8eV. The analysis of the obtained
mass spectra was carried out using Data Analysis software
(Bruker Daltonics).

a-Amylase activity

A reaction mix containing 60 uL of 50 mM sodium phosphate buf-
fer at pH 7.0, 20 uL of 1M NaCl and 40 uL of x-amylase from por-
cine pancreas (1 mg/mL) (EC 3.2.1.1) was used. The solution was
incubated in the absence or presence of seed extracts at 37 °C for
10 min. After incubation, 80 uL of a 2.5 mM 2-chloro-4-nitrophenyl-
o-D-maltotrioside (CNPG3) solution was added as the substrate
and 2-chloro-nitrophenol released by the enzymatic hydrolysis
was monitored at 405nm. Different concentration ranges were
used for the assays: 0-12pug/mL for alcoholic extracts and
0-40 pg/mL for aqueous extracts.

a-Glucosidase activity

a-Glucosidase assay was performed as described by Fais et al.?%.
The enzyme (0.125U/mL) (EC 3.2.1.20) solution was dissolved in
0.1 M sodium phosphate buffer (pH 6.8). Twenty microliters of test
samples at various concentrations (0-2pg/mL) were mixed with
the enzyme solution in microplate wells and incubated for 15 min
at 37°C. Subsequently, 20 pL of 5mM p-nitrophenyl «-D-glucopyr-
anoside (pNPG) solution in 0.1 M phosphate buffer was added.
After incubation at 37°C for 15min, the reaction was terminated
by the addition of 50uL of 0.2M sodium carbonate solution.
o-Glucosidase activity was determined spectrophotometrically at
405 nm on 96-well microplate reader by measuring the amount of
p-nitrophenol released. DMSO control was used whenever
required and the final concentration of DMSO was maintained
below 8% v/v, which was found that it is not affecting the enzyme
activity. Acarbose was used as a reference inhibitor for both
enzymes. The IC5o values, the concentration giving 50% inhibition
of enzyme activities, were determined by the interpolation of dos-
e-response curves.

Kinetic of o-amylase and a-glucosidase inhibition was deter-
mined by the Lineweaver-Burk double reciprocal plot. The assays
were performed increasing the concentration of the respective
substrates in the absence and presence of the extracts at different
concentrations.

The equilibrium constants for binding with the free enzyme (K))
and with the enzyme-substrate complex (Kis) were obtained either
from the slope or the vertical intercepts plotted versus inhibitor
concentration, respectively.

ThT binding assay

IAPP stock solutions were prepared by dissolving 2mg of syn-
thetic amylin in 250 pL (2 mM) of hexafluorisopropanol (HFIP). This
stock solution was stored at —20°C. All solutions for these studies
were prepared by adding a PBS buffered (1 mM) thioflavin-T solu-
tion to IAPP peptide (in lyophilised dry form) immediately before
the measurement. The final concentration of IAPP solution was
40 ng/mL. When compounds were present, the IAPP to compound
ratio was at 1:10, 1:5, 1:1, 1:0.1 and 1:0.01 by weight (400 pg/mL,
200 pg/mL, 40 pg/mL, 4pg/mL, 0.4 ng/mL). 0.5% DMSO was pre-
sent in the solution. ThT fluorescence was monitored at 480 nm
with 440 nm excitation at 37°C on a FLUOstar Omega microplate



reader. The experiments performed as sextuplicates were repeated
three times.

Congo red stain

Droplets (5pL) of the peptide solutions were placed three times
on the same spot (15puL) on a glass slide. When dried, the slides
were put in Congo B solution for 5min, twice in absolute ethanol
for 105, twice in xylene for 1 min and then mounted.

Negative stain

A drop of 5uL of the samples from the plate suspended in 15 puL
of distilled water was applied on to the grids strengthened with a
carbon coating. The excess was then drawn off with filter paper
and the grid was air dried. A drop of 50% uranyl acetate and 50%
absolute ethanol was applied to the grids for 30s. The excess was
again drawn off with filter paper and the grid finally was air dried.

Molecular docking

The three-dimensional (3 D) structure of IAPP?° (PDB id: 2L86) and
a-amylase®® (PDB id: 1DHK) were obtained from protein data
bank. However, due to the unavailability of the experimental 3D
structure of an a-glucosidase protein from Saccharomyces cerevi-
siae, we performed a template-based homology modelling using
Swiss-model web server®' with 3D reference structure of isomal-
tase from Saccharomyces cerevisiae*> (PDB id: 3AJ7) having 72%
sequence identity®> with the target protein structure. The pre-
dicted protein tertiary structure model was evaluated by local
quality estimates®* and Ramachandran plot of the dihedrals. The
3D structures of the ligands were obtained using open-babel soft-
ware®; the details of ligand preparation have been described in
our previous studies**3”. The docking experiment to generate and
predict best protein-ligand complex pose was performed using a
COACH-D server®.

Data analysis

All experiments were performed in triplicates and the data were
expressed as mean + standard deviation (SD). Statistical differences
were evaluated using GraphPad Prism software version 8 (San
Diego, CA, USA). The comparison between groups was conducted
by one-way analysis of variance (ANOVA) followed by the Tukey
Multiple Comparisons Test. A p values of less than 0.05 was con-
sidered statistically significant.

Results and discussion
UHPLC-DAD-ESI/MS analysis

In our previous work we have analysed the alcoholic extracts of
W. filifera seeds, using HPLC-DAD-ESI/MS. We have highlighted
that the composition of these W. filifera seeds consisting in flavan-
3-ol. B-type procyanidin dimers (B1-B4) were among the main
phenolic compounds in the extracts of W. filifera seeds®’. In this
study, through UHPLC-DAD-ESI/MS analysis, three phenolic com-
pounds have been identified, catechin, protocatechuic acid, and p-
hydroxybenzoic acid, in addition to those identified in our previ-
ous report.

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY 519

a-Amylase and a-Glucosidase inhibition

The ability of the alcoholic and aqueous extracts of W. filifera
seeds to restrict a-amylase and a-glucosidase activities was eval-
uated and the results are reported in Table 1.

All extracts exhibited potent inhibitory activity on a-glucosi-
dase. The ICs, values are statistically lower than that of the refer-
ence inhibitor, ranging from 0.53+0.014 to 1.63+0.23 ug/mL. In
particular, the a-glucosidase inhibitory activity of the MEG was
found to be ~170 times more active than acarbose.

As can be observed from Table 1, some extracts inhibited
o-amylase with a higher potency than the standard acarbose. MES
showed the highest o-amylase inhibitory activity with 1Csq
2.39+0.23 ug/mL. In our previous study?’ we have identified in
the B-type procyanidin dimers (B1-B4), the main phenolic com-
pounds in the alcoholic extracts of W. filifera seeds. In addition to
those, in this study, three phenolic compounds have been identi-
fied, catechin, protocatechuic acid, and p-hydroxybenzoic acid.

In literature exist'®*° many studies that have reported inhib-
ition mode or ICs, for metabolites such as procyanidin B-type
dimers, catechin, protocatechuic acid, p-hydroxybenzoic acid,
against a-glucosidase and a-amylase enzymes. It is worth pointing
out that each compound showed an IC5y value higher than that
shown by the MES.

Compared to the MES extract, the type B procyanidin dimer
has higher 1Cso values towards o-glucosidase and comparable
for o-amylase*'.

The synergic action of these compounds could contribute to
explain the significant inhibition of the W. filifera methanolic
extract against a-amylase and o-glucosidase.

Table 2 shows that EEG acts as a competitive inhibitor against
a-glucosidase. In fact, by increasing the concentration of extract, a
family of straight lines with different slope, all intersecting on the
y-axis, was found (Figure 1(a)). This kinetic analysis indicates that
the extract binds with the free enzyme and the equilibrium con-
stant, K, = 0.08 png/mL, was obtained from the slope (K,,/Vinax) ver-
sus inhibitor concentration.

Table 1. IC5 values of the aqueous (AE), ethanolic (EE) and methanolic (ME)
extracts from W. filifera collected in the areas of Sousse (S) and Gabes (G)
against a-glucosidase and a-amylase.

1Cs0 pg/mL 1Cso pg/mL
Extracts a-glucosidase o-amylase
EEG 1.54+0.11° 1133+ 1.99°
EES 0.72+0.41° 3.73+045°
MEG 0.53+0.014° 6.75+£0.11°¢
MES 0.88 +0.028° 2.39+0.23°
AEG 1.63+0.23° 4832 +1.32¢
AES 0.82+0.085° 25.82+0.13¢
Acarbose 90+7.3° 8.04+0.65°

Mean values in the same column having different letters are significantly differ-
ent (p < 0.05).

Table 2. Enzyme kinetics parameters following o-glucosidase and o-amylase
with different W. filifera seed extracts.

K, pg/mL Kis pg/mL Inhibition type

a-glucosidase

EEG 0.08 - Competitive

EES 0.22 0.41 Mixed

MEG 0.08 1.8 Mixed

MES 0.03 0.48 Mixed

AEG 0.07 0.41 Mixed

AES 0.31 1.74 Mixed
o-amylase

EES - 2.47 Uncompetitive

MES - 3.66 Uncompetitive
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Figure 1. Inhibition of a-glucosidase enzyme. Lineweaver-Burk plots analysis of
EEG (a) and MEG (b).

The EES showed a different mode of inhibition if compared to
the other alcoholic extract, although the composition of alcoholic
extracts of the seeds is the same. The relative quantity of the
compounds found in the extract could explain the consequent dif-
ferent type of inhibition.

The Lineweaver-Burk plots of the other extracts showed a
mixed type of inhibition characteristics, since increasing the con-
centration of extracts resulted in a family of straight lines with dif-
ferent slope and y-intercepts, which intersected in the second
quadrant, example in Figure 1(b). This kinetic analysis indicates
that these extracts can bind not only with the free enzyme but
also with the enzyme-substrate complex. The equilibrium con-
stants for binding with the free enzyme (K|) and with the enzyme-
substrate complex (K;s) were obtained from the slope (K;,/Vimay) or
the 1/Vinax Vvalues (y-intercepts) versus inhibitor concentration,
respectively (Table 2).

The extracts with higher inhibitory activity against x-amylase,
EES, and MES, behave with an uncompetitive inhibition, since the
kinetic analysis of these extracts, produces a family of parallel lines
for increasing extracts concentration (Figures 2(a,b)). The equilib-
rium constant for binding with the enzyme-substrate complex (Kis)
was calculated from the replotting of the intercepts (1/Vinax)
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Figure 2. Inhibition of a-amylase enzyme. Lineweaver-Burk plots analysis of EES
(a) and MES (b).

versus the inhibitor concentration, resulting in a value of 2.47 and
3.66 png/mL for EES and MES, respectively (Table 2).

W. filifera methanolic seeds extract from Sousse (MES) showed
to be as the overall best extract, having the highest inhibitory
activity against a-amylase and among the lowest ICsy values for
a-glucosidase (100-fold lower than acarbose).

Moreover, acarbose is one of the therapeutic drugs used for
the treatment of hyperglycaemia in T2D patients but several side
effects generally occur, probably due to a more significant inhib-
ition of a-amylase if compared to a-glucosidase inhibition*?. MES
instead showed a better inhibition against a-glucosidase showing
also a lower ratio between a-glucosidase and a-amylase inhibition,
making this extract as a good candidate for further deeper study.
Thus, MES was tested for the ThT assay.

Inhibition of IAPP aggregate formation

For the identification and quantification of amyloid fibrils in vitro,
extrinsic fluorescence of the ThT was used to monitor fibrillation kin-
etics in real-time. When ThT binds to f-sheet-rich structures such as
amyloid fibrils, ThT displays enhanced fluorescence and a characteris-
tic blue shift in the emission spectrum when bound to amyloid fibrils.
The corresponding spectra are measured, and the fluorescence



30000

JOURNAL OF ENZYME INHIBITION AND MEDICINAL CHEMISTRY e 521

25000 —

20000 —

15000 —

10000 —

Fluorescence (AU)

5000

—— IAPP 40 pg/mL

—— IAPP 40 pg/mL + MES 4 pg/mL
—o— IAPP 40 pg/mL + MES 40 pg/mL
-o— IAPP 40 pg/mL + MES 200 pg/mL
—o— IAPP 40 pg/mL + MES 400 pg/mL

VRN RTRR N
NN

0 200 400 600
Time (min)

800 1000

Figure 3. Thioflavin T fluorescence emission plot corresponding to B-sheet formation of IAPP in the presence of W. filifera methanolic seeds extract from Sousse.
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Figure 4. Congo red and Electron microscopy analyses of the material recovered after ThT analysis. In (a), amyloid exhibiting green birefringence after Congo red

staining and (b) long unbranched amyloid fibrils are present in solution of IAPP

40 ng/mL. In (c), no Congophilc material can be detected and in (d) an amorphous

material is present in solution containing IAPP 40 ng/mL with MES 200 pg/mL. Samples in a and c are stained with Congo red and samples in b and d are negatively

contrasted with 2% Uranyl acetate in 50% ethanol.

intensities of the dye are plotted as a function of time. Any deviation
from the control sample along the time scale, that is, peptide aggre-
gation in the absence of any additive, could be indicative of inhib-
ition or acceleration of the aggregation processes.

The methanolic extract showed complete inhibition of fibrils
formation at 1:5 (IAPP 40 pg/mL:MES 200 pug/mL) and 1:10 (IAPP

Table 3. Binding energies of against IAPP, a-amylase and a-glucosidase.

IAPP a-amylase a-glucosidase
Catechin —6.9 kcal/mol —7.7 kcal/mol —8.1 kcal/mol
Protocatechuic acid —4.9 kcal/mol —5.5 kcal/mol —5.3 kcal/mol
p-Hydroxybenzoic acid —4.5 kcal/mol —5.2 kcal/mol —5.2 kcal/mol
B type Procyanidin dimer —7.8 kcal/mol —8.5 kcal/mol —4.9 kcal/mol
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Table 4. Physicochemical properties of bioactive compounds in the investigated extracts.

Molecular H-bond H-bond Polar

Molecular Weight Rotatable acceptor donor surface Water

formula (g/mol) bonds atoms atoms area (A?) LogPosw solubility
Catechin C15H1406 290.27 1 6 5 110.38 0.85 Soluble
Epicatechin C15H1406 290.27 1 6 5 110.38 0.85 Soluble
Protocatechuic acid C7H604 154.12 1 4 3 77.76 0.65 Soluble
p-Hydroxybenzoic acid C7H603 138.12 1 3 2 57.53 1.05 Soluble
Procyanidin B-type C30H26012 578.52 3 12 10 220.76 137 Soluble
Procyanidin A-type C30H24012 576.50 2 12 9 209.76 1.61 Moderately
Quercetin-3-0-glucoside C21H20012 464.38 4 12 8 210.51 —0.27 Soluble
Dihydrokaempferol C21H22011 450.39 4 1 7 186.37 —0.48 Soluble

7-glucoside

40 pg/mL:MES 400 pg/mL) ratio (Figure 3), in fact, the correspond-
ing curves appear flat and superimposed, meaning that there is
no formation of fibrils. There is also a delay at 1:1 (IAPP 40 pg/
mL:MES 40 ng/mL) ratio on fibril formation, made evident by the
shifting of the curve that is smaller by decreasing the concentra-
tion of the extract, highlighting that the inhibition is dose-
dependent. The ThT assay was repeated three times and extended
up to 150 h.

Congo red staining was performed to visualise the presence of
amyloid fibrils. The cotton dye Congo red binds to amyloid fibrils,
that appear red-orange. When observed with crossed polarisers in
the polarisation microscopy, stained amyloid exhibits bright green
birefringence, often referred to as “apple green birefringence”.
Congo red staining of solution 1:5 (IAPP 40 ug/mL:MES 200 pg/mL)
was negative and confirmed that inhibition of IAPP fibrillation
was occurred.

In addition, negative staining was made for analysis by
Transmission Electron Microscopy (TEM), a useful technique for
assessing the morphology of in vitro formed amyloid fibrils from
proteins or peptides that allows researchers to see structural fea-
tures at the nanometre scale that cannot be visualised by light
microscopy. Negative staining typically generates the sample with
good contrast and well-preserved morphology. The stain forms a
coating over the sample that appears light and the surrounding
stain appears dark. Figure 4 showed that at 1:5 IAPP to extract
ratio (MES 200 pug/mL), the formation of IAPP fibrils is inhibited.

Molecular docking

In the present study, as a first step, molecular docking of the
main compounds identified in methanolic seed extract of W. fili-
fera was performed against o-glucosidase, a-amylase and IAPP to
determine their binding affinities. The binding affinity data of the
compounds is presented in Table 3.

The binding affinity of the compounds ranges from —4.5 to
—7.8kcal/mol towards IAPP, from —5.2kcal/mol to —8.5 kcal/mol
for the o-amylase and ranging from —4.9kcal/mol to —8.1 kcal/
mol regarding o-glucosidase. Among the four compounds, cat-
echin displayed better binding energy values for all the three pro-
tein targets.

An investigation of the physicochemical properties of the main
compounds identified in this extract is reported in Table 4.

Conclusions

Controlling the response of carbohydrate hydrolysing enzymes
(e-amylase and o-glycosidase) is an effective strategy in facing
and/or managing postprandial hyperglycaemia. a-Amylase is endo-
glucanase, which hydrolyses the internal «-1,4 glycosidic linkage

in starch and a-glucosidase is one of the glucosidases located in
the brush border surface membrane of intestinal cells, key enzyme
for carbohydrate digestion.

The results of this study showed that W. filifera extracts had
significant inhibitory activities against a-amylase, a-glucosidase. In
addition to these properties, the methanolic W. filifera seed extract
has shown a complete inhibition of the formation of the toxic
IAPP aggregates. Since such aggregates are implicate in pancreatic
p-islet cell death, inhibition of IAPP aggregation is important in
prevention of diabetes or of its progression.

To better understand the potential of the methanolic extract,
further studies are needed to know the role of the compounds
and their possible synergic action in the inhibition of x-amylase,
a-glucosidase and the IAPP fibril formation, key targets
of diabetes.

Considering our previous data obtained on the effect of W. fili-
fera seed extracts on target enzymes for AD and the correlation
between AD and T2D, W. filifera seeds can emerge as a promising
natural source of bioactive compounds for these diseases.

Moreover, our results are of interest considering that seeds are
an inedible part of the fruit that is discarded.
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