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Carrot juice is an effective protein aggregation inhibitor
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ABSTRACT

Aggregation of different proteins is associated with
incurable human diseases, such as Alzheimer’s or
Hungtinton’s disease. Molecules that inhibit
undesirable protein aggregation may be of
therapeutic importance. Carrot juice contains a
wide range of bioactive compounds that inhibit
protein aggregation, and hence its consumption
can help prevent and treat amyloidoses. In our
experiment, we investigated the anti-aggregation
effect of carrot juice using the model protein
a-chymotrypsin at neutral pH in the presence of
55% ethanol. We confirmed the inhibitory effect
of carrot juice on protein aggregation and amyloid
fibril formation by measuring turbidity and testing
Congo red binding. Carrot juice inhibited o-
chymotrypsin aggregation and fibril formation in
a concentration-dependent manner, as did the
chlorogenic acid present in it.
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1. INTRODUCTION

Around 500 million people in the world are currently
affected by some kind of diseases due to the
presence of insoluble amyloid fibrils, which have
a cross-beta structure [1, 2]. Therefore, prevention
is particularly important, in which foods and
drinks that can also function as therapeutic agents
can play an important role [3, 4]. Because plant
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natural polyphenol molecules are biocompatible,
they are safe compounds of great interest [5, 6].
Carrots (Daucus carota L.) have health-improving
properties thanks to the natural bioactive compounds
they contain. Carrots are rich in flavonoids, plant
pigments, carotenoids, vitamins and minerals, as
well as dietary fibres. By consuming carrots, the
risk of certain diseases can be reduced, such as
cancer, cardiovascular diseases and diabetes [7, 8].
Polyphenolic compounds in it also play an important
role in the prevention of neurodegenerative diseases
[9, 10], since these molecules are important anti-
amyloidogenic agents [11, 12]. Polyphenolic
compounds contain structural elements that can
form non-covalent interactions with amyloidogenic
structures and can be considered as effective
therapeutic agents [13]. Carotenoids, which also
cross the blood-brain barrier, may play an important
role in the fight against Alzheimer’s disease [14].
Based on epidemiological studies, an inverse
correlation was found between the dietary intake
of carotenoids and the severity of Alzheimer’s
disease [15]. The fibrils formed in the presence of
B-carotene are disordered and do not have the
characteristic beta structure [16]. Carrots are very
rich in antioxidants, and hence including them in
your diet can help prevent diseases in which oxidative
stress plays a role. The main polyphenols present in
carrots are chlorogenic acid and p-hydroxybenzoic
acid, as well as various cinnamic acid derivatives
[17-19]. Among the polyphenolic compounds,
chlorogenic acid accounts for 42.2-61.8% of the
total polyphenol content in carrots [20]. Chlorogenic
acid used in traditional medicine has a beneficial
effect, i.e. in the therapy of neurodegenerative
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diseases, diabetes, cardiovascular diseases and
cancer [21]. Based on Congo red binding
experiments, it was established that chlorogenic
acid has an inhibitory effect on the formation of
a-chymotrypsin amyloid fibrils [22]. Analyzing
the kinetics of human islet amyloid polypeptide
amyloid formation, it was shown that chlorogenic
acid significantly inhibited fibril formation [23].
Chlorogenic acid was found to be an inhibitor of
amyloid-beta fibrillation [24]. The total polyphenol
content of carrots is 27 + 1.7 pg/g gallic acid
equivalent [9]. Among the flavonoids, quercetin-
3-O-glycoside, kaempferol, and apigenin were
detected in greater quantities in carrots [25]. Carrot
juice is a very popular juice with high nutritional
value, rich in natural antioxidants. The total
polyphenol content of fresh carrot juice expressed
in gallic acid equivalents was found to be 152 +
47 ung GAE/ml [26]. Twenty-five types of
polyphenolic compounds have been identified in
the carrot juice, the total amount of which is
188.67 £ 6.27 mg/l [27]. Thanks to the biomolecules
in beetroot/carrot juice, it has neuroprotective
properties against nerve cell damage [28]. Carrot
juice is an effective inhibitor of trypsin amyloid-
like fibril formation [29]. Carrot extract inhibits
islet amyloid polypeptide aggregation [30].

2. MATERIALS AND METHODS
2.1. Materials

Lyophilized bovine pancreatic o-chymotrypsin
(EC 3.4.21.1) and chlorogenic acid were products
of Sigma-Aldrich Ltd. (Budapest, Hungary).
Carrots were purchased from the local market. All
other chemicals used in our study were of
analytical grade.

2.2. Preparation of the carrot juice

Carrots were peeled and grated after washing with
tap water. The carrot juice was obtained by
centrifuging grated carrots at 13,000 rpm for
5 minutes. The supernatant was centrifuged for
another 5 minutes at 13,000 rpm. The carrot juice
was stored in a freezer until use.

2.3. Turbidity measurements

The turbidity of the protein samples was measured
at 350 nm, in the absence and presence of different

concentrations of carrot juice, using a cuvette with
a path length of 10 mm. The samples were incubated
overnight at room temperature before the
measurements at 0.15 mg/ml protein concentration
in 10 mM phosphate buffer at pH 7.0 in the presence
of 55% ethanol. For the turbidity measurements,
three parallel measurements were performed for
each sample, and the values of the protein-free
blank samples were subtracted from the obtained
absorption values.

2.4. Kinetic measurement of aggregation

For the kinetic measurements of a-chymotrypsin
aggregation, the samples were incubated at room
temperature in the absence of chlorogenic acid
and in the presence of 0.1 and 0.2 mM chlorogenic
acid for 20 minutes in a 1 cm quartz cuvette. The
absorption measured at 350 nm was read every
minute using a protein-free sample as a blank
solution. During the kinetic experiments, the
protein/ethanol/buffer concentrations used for
turbidity measurements were used.

2.5. Congo red binding assay

The absorption of Congo red solution is maximal
at 490 nm, but when it binds to B-sheet-rich
amyloid fibrils, the absorption increases and the
absorption maximum shifts to higher wavelengths.
The difference spectrum has a maximum at 540
nm in the presence of amyloid fibrils [31, 32]. The
difference spectrum is obtained by subtracting the
spectra of Congo red and the enzyme from the
spectrum of the sample containing both Congo red
and amyloid fibrils. Congo red was diluted in a
phosphate buffer (5 mM containing 150 mM NaCl,
pH 7.0). 0.2 ml of a protein sample incubated for
one day was added to 0.8 ml of Congo red
solution. The absorption spectra of each sample
from 400 to 600 nm were recorded with a UV-Vis
spectrophotometer (Hitachi U-2000) after 15 minutes
of incubation using a cuvette with a path length of
1 cm.

2.6. Statistical analysis

The experimental data obtained from three parallel
turbidity measurements were statistically analyzed
by one-way analysis of variance (ANOVA). All
data are presented as mean = standard error of the
mean (SEM). A P-value of less than 0.001 was
considered statistically significant.
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3. RESULTS AND DISCUSSION

Protein aggregation can be monitored by measuring
absorption in the visible wavelength range. An
increase in sample turbidity results in an increase
in absorption [33]. Higher absorption at 350 nm
indicates protein aggregation, as proteins generally
have negligible absorption at this wavelength [34].
The absorption of the samples measured at 350
nm varied depending on the concentration of
carrot juice present. The highest absorption was
obtained for the sample without inhibitor. The
higher the concentration of the inhibitory agent,
the fewer aggregates there were in the sample.
When diluting the carrot juice five times, the
amount of aggregates decreased to 7.5% compared
to the sample without the inhibitor. Even at an 80-
fold dilution of carrot juice, the presence of the
inhibitor caused a 20% inhibition of a-chymotrypsin
aggregation (Figure 1).

Congo red binds with high affinity to the B-sheet-rich
structure, so it can be used to monitor the formation
of amyloid fibrils [35]. To investigate the formation
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Figure 1. Relative absorption at 350 nm in the absence
and presence of different concentration of carrot juice.
Each column represents the average of three replicate
experiments at a concentration of 0.15 mg/ml a-
chymotrypsin in 55% ethanol at pH 7.0. All data are
presented as mean + standard error of the mean (SEM).
Determination of significance: ***P < 0.001.
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Figure 2. Congo red difference spectra without carrot
juice (solid line) and with 40-fold (dashed line) and 20-
fold dilution (dotted line) of carrot juice.
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Figure 3. Kinetic measurements of o-chymotrypsin
aggregation in the absence of chlorogenic acid (solid
line) and in the presence of 0.1 (dashed line) and 0.2 mM
(dotted line) chlorogenic acid at a protein concentration
of 0.15 mg/ml in 55% ethanol at pH 7.0.

of amyloid fibrils, we recorded Congo red absorption
spectra in the range of 400-600 nm in the presence
and absence of carrot juice. We also calculated the
difference spectra, based on which the effectiveness
of the inhibitor is clearly visible. The decrease in
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the value of the maximum obtained at 540 nm
indicates that there are fewer amyloid fibrils in the
sample (Figure 2).

We examined the effect of one of the main
polyphenols in carrot juice, chlorogenic acid, on
o~chymotrypsin aggregation, following the change
in 350 nm absorption without chlorogenic acid
and with different concentrations of chlorogenic
acid. Based on the kinetic studies, we found that
chlorogenic acid significantly inhibits aggregation
in vitro. At 0.1 mM chlorogenic acid, the amount
of aggregates decreased to 84% and at 0.2 mM to
38% compared to the sample without inhibitor
after 20 minutes of incubation (Figure 3).

CONCLUSION

We found that carrot juice and chlorogenic acid
inhibited a-chymotrypsin aggregation and amyloid
fibril formation in vitro.
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