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During the study of inhibition of amyloid fibril formation, a-chymotrypsin protein was developed in 55%
ethanol at pH 7.0. We investigated the inhibitory effect of different spices on amyloid fibril formation
using turbidity measurements and Congo red binding assays. We found that all spices except the black
pepper and caraway seed prevented fibril formation. The highest inhibition was measured with the clove,
which reduced the amount of aggregates by 90%. We studied the inhibitory effect of the cloves at differ-
ent concentrations on aggregation, it was found that the inhibitory activity of clove is dependent on
concentration. We have measured the total phenolic content of the spice extracts too. Based on all these
findings we have come to the following conclusion: Our results indicate that spices can contain other
compounds too — not only phenolic compounds — which influence the formation of amyloid fibrils, and
the effectiveness of various phenolic compounds are different.
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INTRODUCTION

The protein aggregate, which shows fibrillar morphology, has a p-plate structure, and
is typically stained with Congo red or thioflavin is called amyloid fibril [4]. The accu-
mulation of amyloid fibrils may be due to the emergence of many illnesses affecting
millions of people, such as spongiform encephalitis, Alzheimer’s disease, Parkinson’s
or Huntington’s disease, type Il diabetes, primary and secondary systemic amyloido-
sis [31]. Certain globular proteins are able to form amyloid fibrils under appropriate
conditions. These conditions include high pressure, high temperature, near isoelectric
point, presence of organic solvents and high concentration of the protein. These fac-
tors contribute to the partial unfolding of the protein and certain mutations that
increase the destabilization of the native structure, thus increasing the aggregation
tendency of proteins [4]. Thus, important information on the formation of amyloid
fibrils can be obtained by studying proteins that are not related to any known protein
conformational disease [17].
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Spices contain important bioactive compounds that may be important for the pre-
vention and treatment of various diseases without undesirable side effects [8, 12].
Bioactive molecules are able to bind to the native structure of the protein. They are
able to stabilize their conformation by enhancing the energy barrier of fibril formation
[9]. Spices contain many bioactive compounds that may be potential therapeutic
agents in the treatment of various amyloidoses [8, 12]. The main components of spice
extracts are biologically active flavonoids, isoflavonoids, tannins, coumarins, glyco-
sides, di- and triterpenoids, phytosterols, tocopherols, phenolic acids, alkaloids, caro-
tenes, vitamins and other compounds [22, 33]. Flavonoids are able to cross the blood-
brain barrier [30]. Polyphenols are secondary metabolites produced by plants, an
average person consumes 1-2 g daily as part of a normal diet. Compounds which, on
their aromatic rings, have one or more hydroxyl groups are called polyphenols. The
beneficial effect of spices on health is related to the content of their high polyphe-
nolic compounds [11]. The aromatic rings of polyphenols may interact with the aro-
matic side chains of amyloidogenic proteins, they prevent n-7 interactions and block
self-organizing processes [2]. The position of hydroxyl groups was found be decisive
for the anti-amyloidogenic properties and not their number [28]. Curcuma is polyphe-
nol found in curcuma or otherwise known as Indian Curcuma (Curcuma longa). By
in vivo and in vitro studies curcuma inhibited fibril and oligomer formation during
amyloid aggregation in a variety of amyloid fibril-capable proteins such as
a-synuclein, amylin, amyloidf, prion protein and egg protein lysozyme, transthyretin
and human islet amyloid polypeptide (hIAPP) [5, 26, 36, 39]. Rosemary acid is a
polyphenol found in lemon grass, rosemary, oregano, common sage, thyme and pep-
permint [10]. Rosemarinic acid is capable of preventing amyloidp protein induced
neurotoxicity on PC12 cell lines and protects against reactive oxygen radicals [13].
Rosemary acid can inhibit the formation of amyloid conformation of some amyloido-
genic proteins such as the hIAPP, amyloidf protein and amylin [24]. The presence of
flavonoids and other antioxidant compounds has been demonstrated, for example in
basil, chives, coriander, dill, lovage, parsley, rosemary, sage, mint, tarragon and
thyme [14]. Pinocembrin is a natural flavonoid, present in ginger and marjoram [18].
Pinocembrin is a promising candidate in the prevention and therapy of Alzheimer’s
disease [20]. Na and colleagues’ results show that 6-shogaol, a ginger component, is
a novel potential therapeutic agent for the treatment of various neurodegenerative
diseases, including Alzheimer’s disease [23]. The aqueous extract of cloves is rich in
polyphenols [32]. Clove oil contains high concentrations of eugenol [33]. Eugenol
can cross the blood-brain barrier [19]. Eugenol prevents the formation of amyloid
fibrillation of insulin and serum albumin. Eugenol stabilizes the native structure of
proteins and delays the formation of native conformation of proteins into B-rich amy-
loid fibrils [7].

Amyloid fibrils of various proteins have the ability to bind small, planar molecules
such as, for example, the Congo red (CR) amyloid-specific dye [6]. CR is one of the
most commonly used dyes that are suitable for identifying amyloid fibrils [35].

We aimed at studying the inhibitory effect of various spices on the formation of
amyloid fibrils. Based on previous experiments carried out by our group, it is known
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that a-chymotrypsin produces amyloid-like fibrils in 55% ethanol at pH 7.0 after
1 day of incubation [29], so it can be used as a model protein for the study of the
formation of fibrils, as well as the effects of anti-amyloidogenic agents.

MATERIALS AND METHODS

The a-chymotrypsin (EC 3.4.21.1) was marketed by Sigma-Aldrich Kft. Spices used
were commercially available spices. The grounded black pepper (Piper nigrum L.),
ginger (Zingiber officinale Roscoe), anise (Pimpinella anisum L.), white pepper
(Piper nigrum L.), nutmeg (Myristica fragrans), camin (Cuminum cyminum), whole
juniper berries (Juniperus communis L.), coriander seeds (Coriandrum sativum L.),
crumbled savory (Satureja hortensis L.), marjoram (Majorana hortensis M.) and
oregano (Origanum vulgare) was packaged by Szilasfood Kft. (2143 Kistarcsa,
Nagytarcsai ut 6.). The grounded safflower (Carthamus tinctorius L.), turmeric
(Curcuma longa L.), cinnamon (Cinnamomum cassia B.), bay leaf (Laurus nobilis
L.), allspice (Pimenta racemosa Mil L.) and crumbled basil (Ocimum basilicum) were
imported by R COOP3 Kft. (6771 Szeged-Széreg T. 2). The grounded caraway seed
(Carum carvi), rosemary (Rosmarinus officinalis L.), cayenne pepper (Capsicum
annuum ,Cayenne’), cloves (Syzygium aromaticum L.), sliced wild garlic (4llium
ursinum L.), parsley (Petroselinum crispum), sage (Salvia officinalis L.), crumbled
thyme (Thymus serpyllum L.), dill (Anethum graveolens L.), tarragon (Artemisia dra-
cunculus L.), lovage (Levisticum officinale), true saffron (Crocus sativus) were pro-
duced by Kotanyi Hungaria Kft. (1146 Budapest, Hermina ut 17.). The crumbled
celery leaf (Apium graveolens L.) and entire hibiscus flower (Hibiscus rosa-sinensis)
were produced by Toldi Fliszer és Delicates Bt. (1103 Budapest, Gyomr6i ut 150).

Spice extracts

Based on references other researches also used the hot water extract method with
spices [15, 34]. To prepare spice extracts, 6 ml of distilled water was added to 600 mg
of spice and then was brought to boil. We waited for the extracts to cool down to room
temperature, then centrifuged them. The supernatants were stored in the freezer until
we started to use them. Supernatants were used for the measurements. The superna-
tants were further diluted with the distilled water as needed before use.

Turbidity measurement
Detection of amyloid growth is commonly carried out by measurement of solution
turbidity [40]. During turbidity measurements, using a Cecil CE-5501 spectropho-

tometer, the extinction values were measured at 350 nm using a cuvette of 1 cm path
length. The a-chymotrypsin concentration was 0.15 mg/ml in 55% ethanol in 0.01 M
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phosphate buffer at pH 7.0. The samples were incubated for 24 hours at 24 °C before
the measurements. For turbidity measurements, the following incubation mixtures
were measured: 200 pl water/spice extract (x100), 200 ul of 0.05 M buffer pH = 7.0
(Na,HPO,/KH,PO,), 550 ul of ethanol, 50 pl a-chymotrypsin (3 mg/ml, in 0.001 N
HCI). Significance was determined by one-way analysis of variance (ANOVA).

Determination of total phenolic content

The total phenolic content of spice extracts was determined utilizing the Folin-
Ciocalteu colorimetric method of Waterhouse [37]. The samples were kept for 2 h at
24 °C, and absorbance was measured at 765 nm. For calibration, gallic acid solutions
of different concentrations (0—50 mg/l) were used. The total phenolic content was
expressed as mg gallic acid equivalents (GAE) per 1 of spice extracts. The data pre-
sented are the average of three measurements.

CR binding

The amyloid-specific CR binding was measured in the presence of 0.005 M phos-
phate buffer and 150 mM NaCl at pH 7.0. The protein sample was incubated in the
presence of 55% ethanol at 24 °C for 24 hours and then 200 pl was mixed with 800
ul of CR solution (7.7 uM). Absorption was measured after 15 minutes of incubation,
as this time was needed to bind the dye to the protein. Using a 1 cm cuvette, the
absorption spectrum was recorded in a 400—600 nm wavelength range using a Hitachi
U-2000 spectrophotometer. In the presence of amyloid fibrils, the shift of the absorp-
tion maximum to a higher wavelength (red shift) and the absorption intensity increase
were measured. The absorption maximum of CR increased from 490 nm to 510 nm
in the presence of amyloid fibrils. If the spectra of the CR and protein-containing
samples are subtracted from the absorption spectra of the samples containing the
enzyme, the CR, and the spice extract, we obtain the differential spectrum which
reflects the spectral change of the binding of the CR to the amyloid fibrils.

RESULTS
o-Chymotrypsin aggregation

The effect of amyloid fibrillation on 32 types of spices in Hungary was studied with
a-chymotrypsin model protein. Turbidity measurements took place at pH 7.0 in the
presence of 0.01 M Na,HPO,/KH,PO, buffer at 55% ethanol concentration in the
presence and absence of spice extract (x500) at 0.15 mg/ml protein concentration. We
calculated the percentage of inhibition of aggregation based on turbidity measure-
ments. We measured the total concentration of phenolic compounds of all spice
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Fig. 1. The change in percentage of inhibition with the total phenolic content. Percentage of inhibition in

55% ethanol (@) and total phenolic content (O). Spice extracts were diluted x500. Protein concentration

was 0.15 mg/ml. All data were presented as mean+ standard error of the mean (SEM) from three indepen-
dent measurements

extracts. The total concentrations of phenolic compounds of different spice extracts
ranged from 0 to 17,408+264 mg GAE/l. Our measurement results are shown in
Fig. 1. All data were presented as mean=standard error of the mean (SEM) from three
independent measurements. Black pepper and caraway seed did not affect the forma-
tion of amyloid fibrils. Wild garlic, ginger, anise, parsley, white pepper, nutmeg, saf-
flower, turmeric, juniper berries, tarragon, saffron, cayenne pepper, paprika, celery,
dill, and hibiscus between 1.0+1.1 and 9.8+5.8%, thyme, savory, lovage, rosemary,
cinnamon, sage, majoran, bay leaves between 10.6+2.3 and 16.8+2.4%, allspice,
oregano, basil 24.7+3.0 to 28+0.7% reduced the aggregation rate. The largest inhibi-
tion was measured for clove, reducing the aggregation by 90+0.6%. So we investi-
gated the effect of clove on aggregation in further studies.

Turbidity measurements to detect the inhibitory effect of clove at different concen-
trations were performed at pH 7.0 in the presence and absence of 0.01 M Na,HPO,/
KH,PO, buffer at 55% ethanol concentration in the presence and absence of spice
extract at a protein concentration of 0.15 mg/ml. Our measurement results are shown
in Fig. 2A. The measurements were performed with X500, x2000, x4000, x8000 and
x16,000 dilutions. It has been shown that the degree of inhibition of amyloid fibril
formation is proportional to the concentration of the spice used. We investigated the
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efficiency of specific compounds: caffeic acid and rosmarinic acid, as positive control
too. The highest concentrations of positive controls were selected based on prelimi-
nary (non-published) measurements. Our results indicated, that the degree of inhibi-
tion of amyloid fibril formation is proportional to the concentration of the positive
control compounds used (Fig. 2B).
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Fig. 2. Change in absorbance at 350 nm at 24 °C at pH 7.0 at 55% ethanol concentration in the presence

and absence of clove extracts (A), caffeic acid and rosmarinic acid (B) in various dilutions after 24 h

incubation. a-chymotrypsin concentration: 0.15 mg/ml. All data were presented as mean+standard error

of the mean (SEM) from three independent measurements. Significance was defined as ***P<0.001,
**P<0.01 and *P<0.05
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CR binding examination

The results of the CR binding experiments are shown in Figure 3. The figures show
that in the presence of amyloid fibrils at 55% ethanol concentration, the maximum
absorbance of the conglomerate was greater wavelength and the intensity also
increased. For the cloves we examined, we tested the CR binding in 500, 2000 and
4000 fold dilutions in 55% ethanol solvents and the difference spectra were calcu-
lated (Fig. 3). Differential spectra were calculated by extracting the convex and
o-chymotrypsin spectra from o-chymotrypsin+CR spectrum. The shape of the dif-
ferential spectra reflects the spectral change in the presence of amyloid fibrils. By
studying the conglomeric binding, it was found that the degree of inhibition of amy-
loid fibril formation was proportional to the concentration of spices used.

0.05

0.03

0.01

—-0.01

Absorption

-0.03

-0.05

-0.07

-0.09
400 420 440 460 480 500 520 540 560 580 600

Wavelength (nm)

Fig. 3. Congo red differential spectra. Clove in 500% dilution (dashed-dotted line), in 2000x dilution
(dotted line), and in x4000 dilution (dashed line) and without inhibition (solid line)

DISCUSSION

Spices are suitable for the inhibition of amyloid formation [21] due to their high
polyphenol content. An important approach to therapeutic agents is the use of small
molecules that can inhibit the formation of amyloid fibrils. Many polyphenols have
been shown to inhibit fibril formation in vitro [27]. Caffeic acid and rosmarinic acid,
which we used as positive control, have also been shown to have anti-amyloidogenic
effects. Caffeic acid inhibited the amyloid formation of hIAPP [3]. Rosmarinic acid
inhibited the aggregation of amyloid B-protein [25]. In clove there are many different
polyphenols including gallic acid, ellagic acid, quercetin glucoside, ellagic acid
derivatives and other unidentified polyphenols [1].
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For juniper berries and white pepper extracts, for example, we did not have the

ability to measure phenolic component content, yet these extracts had a low degree
of inhibition of fibril formation. This can only be interpreted that other non-phenolic
compounds can play a role in inhibiting fibril formation too. In fact, black pepper and
cumin extracts contained some phenolic components, but did not have any effect on
fibril formation in 500 dilution. Thus, the effectiveness of various phenolic com-
pounds is also different.
CR is a widely used diazo dye. A dye that can be specifically bound to the B-plate
structure that also incorporates amyloid fibrils, which is thus suitable for detecting the
presence of amyloid fibrils. It is accompanied by a spectral change in the binding of
the CR amyloid to fibrils. In the presence of fibrils, it shows a red shift, i.e. the
maximum absorbance of the conglomerate is displaced from 490 nm to 510 nm, and
its absorption intensity increases [39]. The CR bonding test has many advantages
over other test methods. Only a spectrophotometer is needed, so it is widely used and
does not require expensive reagents or radioactive labeling so it can be easily and
quickly applied. The biggest advantage, however, is that it provides a quantitative
comparison of the dye-amyloid interaction [16].
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