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Abstract: Safe and healthy nutrition has a beneficial effect on human well-being. Various foods, such as berries, are known to inhibit
cancer-promoting pre-proliferative signals. Among European fruit and berry crops, raspberries demonstrate one with the widest
ranges of biologically active substances. Extraction remains a reliable method of obtaining biologically active substances from plant
materials. The research objective was to obtain a semi-finished raspberry product by using microwave and ultrasonic processing and
to study its antioxidant, anti-carcinogenic, sensory, physico-chemical, and microbiological properties. The raspberry extracts were
obtained by maceration, ultrasound treatment, and microwave processing. After that, the samples underwent a comparative analysis
of their antioxidant properties. The ultrasonic method gave the best results. A set of experiments made it possible to define the optimal
technological modes for the extraction process: ethanol = 50%, ultrasonic radiation = 35 kHz, temperature =40 + 5°C, time = 120 min,
water ratio = 1:10. A set of experiments on cell cultures demonstrated that the raspberry extract was able to reduce the expression of
the anti-inflammatory COX-2, iNOS, and IL-8 genes. Hense, we recommend further studies of the effect of the raspberry extract on
the induced expression of COX-2, iNOS, and IL-8. In addition, its anticarcinogenic properties have to be studied in vivo.
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INTRODUCTION For modern foods, it is not enough to be a source
In many ways, human well-being is associated of energy: modern food has to be functional, e.g. to
possess antioxidant or anti-carcinogenic properties.
This trend has triggered multiple studies in the field
of food processing, as well as an active search for
alternative natural supplements with a wide spectrum of
physiological properties [5].

In the process of evolution, plants developed natural
mechanisms of defense against microbial infections and
other harmful environmental factors. Plants are known
to produce antimicrobial peptides, lectins, polyphenols,
terpenoids, essential oils, and other biologically active

with safe and healthy food. Food safety is often
understood as the absence of harmful microorganisms
and chemicals, including synthetic additives, while
its healthiness is often identified with naturalness
and freshness [1]. The increasing demand for safe
and natural food has become a major problem for
food science and industry over the past decades [2].
Despite the use of various traditional and modern
antibacterial agents, as well as chemical preservatives,

about a third of the population of industrialised compounds. According to some studies, phenolic
countries  suffer from foodborne diseases [3]. substances obtained from berries can act as a new
Meanwhile, more and more consumers demand fresh, type of food components that can inhibit a wide range
ready-to-eat, minimally processed foods that contain of pathogens, e.g. Salmonella, Escherichia, and
neither chemical preservatives nor synthetic additives [4]. Staphylococcus [6].

Copyright © 2019, Eremeeva et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix,
transform, and build upon the material for any purpose, even commercially, provided the original work is properly cited and states its license.
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Cancer is a serious social problem in many parts
of the world [7]. According to the World Health
Organization, cancer is responsible for about 7.6 min
(13%) of the 59 miln annual deaths. By 2030, cancer
mortality worldwide is expected to reach 11.8 min
per year. Most cancer deaths are caused by five basic
behavioral and eating habits, including a low intake of
fruits and vegetables. Bad eating habits, obesity, and
sedentary lifestyle have been proven to increase the risk
of oncological diseases [8]. Therefore, a healthy diet is
one of the most important changes in one’s lifestyle that
can reduce the risk of cancer [9].

Recent epidemiological and basic studies have
demonstrated the anticarcinogenic properties of fruit
components. They can inhibit pro-proliferative signals
that cause or stimulate the growth of tumors or cancer
cells [10].

Raspberries are one of the major fruit and berry
crops in Europe [11]. They can be used both fresh and
processed [12].

Raspberry  polyphenols  consist mainly  of
anthocyanins and tannins [13]. Raspberries are a
rich source of cyanidin glycoside. A high content of
ellagitannin releases free ellagic acid during hydrolytic
processes [14]. These components are responsible for
about 60% of the antioxidant potential [15]. According
to Landele, raspberries owe their antioxidant,
antimicrobial, and anti-inflammatory properties to
ellagic acid and ellagotanin [16]. Thus, raspberries and
their semi-finished products can prevent many diseases,
if included in foods.

Raspberries contain a wide range of phytonutrients
with antioxidant, antitumor, anti-neurodegenerative,
and anti-inflammatory properties [17, 18]. The following
substances are responsible for the hemotherapeutic and
prophylactic components: vitamins C and E, folic acid,
calcium, selenium, B-carotene, a-carotene, lutein, such
polyphenols as ellagic acid, ferulic acid, p-coumaric
acid, anthocyanins, quercetin, and kaempferol, and such
phytosterols as B-sitosterol and stigmasterol [19].

A raspberry ethanol extract suppresses cell
proliferation in squamous cell carcinoma without
altering cell viability and inhibits the expression of
vascular endothelial growth factor. In addition, it also
inhibits nitric oxide synthase activity and indicates
apoptosis and terminal differentiation [20]. These
data suggest that raspberry extract can be used for
chemoprophylaxis in people with oral cavity dysplasia.

Solvent extraction can be used to obtain polyphe-
nols [21]. Unfortunately, it has several drawbacks. For
instance, it requires a larger amount of organic solvents
and a longer extraction time. Moreover, the solvent can
have a negative effect on human health and degrade the
target compounds. However, there are several alternative
methods that can either eliminate or reduce these
disadvantages [22].

There are several factors that affect the efficiency of
extraction of biologically active components from plant
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materials. They include technology, solvent type, time,
temperature, material vs. solvent ratio, etc. However,
it is technology that remains crucial. The traditional
extraction technologies, such as Soxhlet extraction
and maceration, require a lot of solvent, time, and
energy, but are popular and effective. However, new
extraction technologies are being actively introduced, e.g.
ultrasonic, microwave, infrared, and fluid supercritical
extractions. They are energy saving and environmentally
friendly, according to one of the latest books on the
extraction of biological active substances from plant and
animal raw materials [23]. Still, an optimal extraction
technology should be simple, safe, reproducible,
inexpensive, and suitable for industrial use [24].

Ultrasonic (US) extraction is a fairly cheap method
that requires minimal hardware design [25]. It destroys
cell walls (lysis) and disintegrates individual cellular
structures and the cell as a whole, which increases
the number of components that enter the extract. US
produces a mechanical effect: the solvent penetrates
into the matrix of berries, thus increasing the area of the
contact surface between the solid and the liquid phases
[26]. Moreover, US waves can cause some undesirable
chemical processes that can change the chemical
composition, degrade the target compounds, and cause
free radicals in gas bubbles [27]. Therefore, a set of
experiments is required to define the optimal extraction
conditions, i.e. time, temperature, power, and ultrasonic
frequency.

Microwave (MW) radiation is another possible way
to increase extraction efficiency [28]. MW radiation is
a popular means of extraction, as far as low-molecular
compounds from plant raw material are concerned.

The research objective was to obtain a semi-finished
raspberry product using MW and US processing, as well
as to study its antioxidant, anti-carcinogenic, sensory,
physico-chemical, and microbiological properties.

STUDY OBJECTS AND METHODS

The experiments were performed on the premises
of the Department of Technology and Catering at the
Samara State Technical University (Samara, Russia).
The anti-inflammatory and cytostatic, or cytotoxic,
properties were determined in the N.N. Blokhin National
Medical Research Oncology Center (Moscow, Russia).

The research featured a variety of fresh raspberries
(Rubus iddeus L.) harvested in the Samara region
(53°12'N - 50°06'E) in 2017. The raspberries were
provided by the Research Institute of Horticulture and
Medicinal Plants ‘Zhigulyovskie Sady’ (Samara, Russia).

Determination of the antioxidant properties
indicators.

Chemicals and reagents. The experiment
used ethanol and distilled water. The Folin-
Ciocalteu reagent (FCR) and the gallic acid were
provided by the Fluka company (Germany). The
DPPH (2,2-diphenyl-1-picrylhydrazyl), sodium nitrite,
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aluminum chloride, sodium carbonate, and linoleic acid
were ordered from Sigma-Aldrich, Inc. The 2,4,6-tri(2-
pyridyl)-s-triazine (TPTZ) was purchased from
Fluka Chemicals (Spain). Other chemicals included
hydrochloric acid, potassium chloride, acetic acid,
sodium acetate, sodium phosphate, ferric chloride (II),
ferric chloride (I11), and ammonium rodanide.

Phenolic compounds. The content of total phenols
was estimated using a modified version of the FCR
method [29]. Gallic acid was used as a standard: an
aqueous solution of gallic acid (200 mg in 1000 cm?) was
diluted with distilled water to obtain the concentrations
appropriate for the calibration curve. The experiment
involved 0.50 cm® of the analysed substance or standard
gallic acid, 4.00 cm?® of distilled water, 0.25 cm® of FCR
reagent, and 0.25 cm?® of a saturated aqueous solution
of sodium carbonate. The samples were shaken and
kept in the dark at room temperature for 30 min. The
absorption coefficient was determined at 725 nm with
a spectrophotometer. Results were expressed in mg
equivalent of gallic acid per 100 g of dry weight. The
experiment was performed in triplicate.

Flavonoids. The content of flavanoids was
determined wusing a modified method described
Demidova et al [30]. 0.50 cm? of the analysed substance
or standard catechin solution was put in a 10 cm?
measuring tube. After that, 2.50 cm® of distilled water
was added at the time zero followed by 0.15 c¢cm® of a
5% aqueous solution of sodium nitrate. After 5 minutes,
0.30 cm?® of a 10% aqueous solution of aluminum
chloride was added and kept for another 5 min. The
absorption coefficient was measured at 510 nm. The
content of flavonoids was expressed in mg equivalent of
catechin per 100 g of dry weight. The experiment was
performed in triplicate.

Anthocyanins. To define the total content of
anthocyanins, the absorption coefficient was measured
at two different pH values (1.0 and 4.5) at 515 and
700 nm [31]. The content of anthocyanins was expressed
in mg equivalent of cyanidin-3-glycoside per 100 g of
dry matter. The experiment was performed in triplicate.

Antioxidant activity in the linoleic acid system.
The antioxidant activity in the linoleic acid system
was determined according to the method described
Karabegovic [32]. 0.5 cm? of ethanol, 0.5 cm? of distilled
water, 1 cm?® of linoleic acid, and 2 cm® of phosphate
buffer (pH 7.0) were added to 1.0 cm® of the analysed
substance. The mixture was kept at 40°C for 120 h.
Then an aliquot part (0.1 cm®) was isolated from the
mixture. After that, 9.7 cm?® of 75% ethanol and 0.1 cm?
of a 30% ammonium rhodanide solution were added to
the aliquot and allowed to stand for 4 min. Subsequently,
0.1 cm?® of ferric chloride (II) solution was added to the
mixture (0.2 M in 3.5% of HCI). A spectrophotometer
was used to measure the optical density of the mixture
at 500 nm. The control sample contained all the reagents
but the extract. The antioxidant activity was expressed
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in percent of inhibition of linoleic acid oxidation. The
experiment was performed in triplicate.

Antioxidant activity by DPPH. The antioxidant
properties of the samples were measured using the
method described Cheigh ef al [33]. The method is based
on the ability of the antioxidants of the raw material to
bind the stable chromogen radical of 2,2-diphenyl-I-
picrylhydrazyl (DPPH). 4 mg of DPPH was dissolved
in 100 cm? of ethanol. The aliquots were dissolved in
100 cm? of distilled water in the quantities of 0.05, 0.10,
0.40, 0.80, 1.00, and 5.00 cm?®. Then, 0.2 cm® of each
solution was added to 2.0 cm® of the DPPH solution at
20°C and kept in the dark for 30 min. The transmittance
was determined at 517 nm. The antiradical activity was
expressed as the concentration of the original object in
mg/cm?, at which 50% of the radicals were bound. The
experiment was performed in triplicate.

FRAP method. The restoring force of the analysed
substance was determined by the FRAP method [34].
A freshly prepared FRAP solution included 10 cm?
of acetate buffer (pH 3.6), 1 cm?® of a 10% solution
of ferric chloride (III) and 1 cm?® of TPTZ solution
(2,4,6-tripyridyl-s-triazine) (10 mmol/L  TPTZ in
40 mmol/1000 cm? of HCI). The solution was kept at 37°C
for 10 min. After that, 3.0 cm? of distilled water and 1 cm?
of FRAP solution were added to the analysed substance
(0.1 cm?). The mixture was allowed to stand at 37°C for
4 min. The optical density was measured at 593 nm.
The restoring force was determined according to the
calibration graph and expressed in mmol of Fe? */1 kg
of the raw material. The experiment was performed in
triplicate.

The sensory properties of the raspberry extract were
defined according to State Standard 8756.1-2017*.

The microbiological studies of the semi-finished
product were performed according to State Standards
31659-2012** and State Standard 30712-2001*** in
licenced testing laboratory No. ROSS RU.0001.510137.

The physical and chemical properties were
determined according to State Standards 34128-
2017**** and State Standards 34127-2017*%***

The content of ethanol in the raspberry extract was

* State Standard 8756.1-2017. Fruit, vegetable and mushroom
products. Methods for determination of organoleptic
characteristics, components fraction of total mass and net
mass or volume. Mocsow: Standartinform; 2017. 12 p.

** State Standards 31659-2012. Food products. Method for
the detection of Salmonella spp. Mocsow: Standartinform;
2014. 21 p.

#+% State Standard 30712-2001. Products of non-alcoholic
industry. Methods of microbiological analysis. Mocsow:
Standartinform; 2010. 11 p.

##x% State Standards 34128-2017. Juice products. Refracto-
metric method for the determination of soluble solids mass
concentration. Mocsow: Standartinform; 2017. 8 p.

stk State Standards 34127-2017. Juice products. Determi-
nation of titratable acidity by method of potentiometric
titration. Mocsow: Standartinform; 2017. § p.
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determined according to State Standard ISO 2448-

2013*###%%*  The experiments were performed in
triplicate.
Statistical data processing. The statistical

processing of the results was performed with the help
of Student’s t-test to determine M + m, where M is the
mean value, m is the standard error of the mean (the
standard deviation \n) was defined using the Microsoft
Excel software.

Determination of potential
properties indicators.

Anti-inflammatory drugs are known to produce an
inhibitory effect on the pro-inflammatory pathways of
cells, including COX2, iNOS, and IL-8. It is currently
considered a proven fact that these drugs exert an
anticarcinogenic effect in vivo. That is why the present
study featured these very genes and the effect of
raspberry extract on them to determine the potential
anticanceragenic activity of the product.

The study used HCT-116 colon cancer cell line [35].
The cells were cultured at 37°C in standard DMEM
medium containing 5% fetal calf serum (PAA,
Australia) and gentamicin (50 U/cm?) (PanEko, Russia)
and in 5% CO.,.

Cell viability study (MTT-test). The cells were
dispersed into 96-well plates (BDMicro-FinePlus, USA).
There were 3x10° cells in 190 pl of culture medium.
After that, the cells were incubated for 24 h. Serial
dilutions of raspberries were prepared on the day of
the experiment. The cells were incubated with the
extract for 72 h at concentrations of 0.03125-2% (v/v).
Then 20uL of the MTT reagent solution were added in
the ratio of 5 mg/cm® (PanEko, Russia) in Hanks salt
solution (PanEko, Russia). The solution was allowed
to uncubate at 37°C for 2 h until it turned violet. The
formazan was then dissolved in 200 pL of dimethyl
sulfoxide (DMSO, PanEko, Russia) and incubated
at 37°C. After the formazan crystals had completely
dissolved, the optical density of the wells was measured
at a wavelength of 570 nm using a MultiScan MCC
340 multiwell spectrophotometer (Labsystems, USA).
The data were presented as the optical density of the
experimental samples vs. that of the control sample.
The optical density in the control sample was taken for
100%. The cells in the control sample were incubated in
a 1% ethanol solution.

RNA isolation. The total cellular RNA was isolated
using an RNA isolation kit. The RNA concentration
was determined with a spectrophotometer according
to the optical density of the solution at a wavelength of
260 nm. The absence of impurities in the sample was
stated by the ratio of the optical density of the solution at
a wavelength of 260 nm and 280 nm.

Reverse transcription reaction. Reverse
transcription was used to obtain cDNA. lpg of
RNA was mixed with 0.4 pg of random hexamer

anticarcinogenic

sk State Standard ISO 2448-2013. Fruit and vegetable
products. Determination of ethanol content. Mocsow:
Standartinform; 2014. 11 p.
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Table 1 Primer sequences

Gene Sequence (forward/reverse), 5°-3°

RPL27 ACC GCT ACC CCC GCAAAGTG
CCC GTC GGG CCT TGC GTT TA

COX2 CCGGGTACAATCGCACTTAT
GGCGCTCAGCCATACAG

iNOS CGGCCATCACCGTGTTCCCC
TGCAGTCGAGTGGTGGTCCA

IL-8 TCCTGATTTCTGCAGCTCTGTG

TCCAGACAGAGCTCTCTTCCAT

oligonucleotides, denatured at 25°C, and cooled on ice.
The reverse transcription mixture included: 2 units of
reverse transcriptase MMLYV, a suitable buffer, 2 mM
of dithiothreitol, 0.5 units of ribonuclease inhibitor,
0.5 mM of dNTP, and < 20 pL of distilled water.
The reaction lasted 1 h at 37°C. After that, reverse
transcriptase was inactivated at 95°C for 5 min, which
stopped the reaction. After adding 80 pL of distilled
water, the aliquots were used for real-time PCR
amplification with specific primers.

Quantitative real-time PCR analysis. After the
reverse transcription reaction, the samples were diluted
1:10 with sterile deionised water to obtain working
dilutions of cDNA. 5 pL of the cDNA working solution
was added to 20 pL of the reaction mixture that
contained SYBR Green Master Mix, 500 nM of the
reverse primers and 500 nM of direct primers. A Bio-
Rad iQ5 PCR analyser was used to perform a real-time
quantitative PCR analysis. The amplification programme
was as follows: 95°C — 10 min, 40 cycles (95°C — 15 s,
60°C — 30 s, 72°C — 30 s). The relative change in the
expression of the mRNA was calculated using the AACt
method. The AACt was determined by subtracting the
average ACt of the control sample from the ACt of the
experimental samples [36]. For each gene, a PCR analysis
was performed in triplicate, and the melting curves were
obtained for each primer pair to confirm their specificity.
To analyse the melting curves, the temperature was
raised from 55°C to 95°C at a pace of 0.5°C. The
ribosomal protein gene L27 (Rpl27) was used for control.

The primers for cDNA amplification were designed
using the Primer-Bank database and the Oligo 6
software [37]. Table 1 shows the primer sequences.

Statistical data processing. Statistical processing of
the results performed with the help of Student’s t-test to
determine M £+ m, where M is the mean value, m is the
standard error of the mean (standard deviation \/n) was
defined using the Microsoft Excel software.

RESULTS AND DISCUSSION

The research compares the antioxidant properties of
raspberry extracts obtained by maceration, ultrasonic
treatment, and microwave processing. All the extracts
were obtained using 50% ethanol, while the raw material
vs. solvent ratio was 1:10 (w/v).
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Figure 1 Total content of antioxidants in the raspberry
extracts: PhS — total content of phenolic substances, mg

of gallic acid/100 g of raw material; F1 — total content of
flavonoids, mg of catechin/100 g of raw material; Ac — total
content of anthocyanins, mg of cyanidin-3-glycoside/100 g
of raw material). (1) maceration, (2) US extraction,

(3) MW extraction

The maceration extract was obtained by storing the
raw material and the solvent at 40°C for 120 min.

The US extract was obtained using an Elmasonic S
15H device at a frequency of 50 kHz at 40°C for 120 min.

The MW extract was obtained by using microwave
irradiation with a irradiation rate of 90 W for 1 min.

Figure 1 shows the total content of phenols,
flavonoids, and anthocyanins.

US radiation resulted in the biggest content of
phenolic substances: it increased by 1.50 times as
compared with classical maceration. MW radiation
produced nothing but minor changes: the content of total
phenolic substances in the extract increased by 1.06 times.

The US and MW processing also increased the
extraction of flavonoids by 1.44 and 1.13 times,
respectively.

All the methods showed nearly the same content of
anthocyanins in the extracts.

Table 2 Antioxidant properties of the raspberry extracts

Index Maceration US MW
extraction extraction

Restoring force according 7.92 10.08 9.09

to the FRAP method,

mmol Fe?*/1 kg of raw

material

Antiradical activity by 10.1 31.5 28.0

the DPPH method, E_,

mg/cm?

Antioxidant activity in 16.6 57.5 54.1

the system of linoleic
acid, % of inhibition

Thus, both US and MW methods increased the
content of biologically active substances in the raspberry
extracts. US extraction proved to have the greatest
impact on the content of phenolic substances and
flavonoids, while the content of anthocyanins remained
almost the same in different types of extraction.

Table 2 demonstrates the antioxidant properties of
the raspberry extracts.

The inhibitory effect of DPPH free radicals increased
by 1.15 and 1.27 during MW and US extractions,
respectively.

The restoring force of the US extract increased as
compared with MW and maceration extracts.

In addition, US extraction increased the ability of the
raspberry extract to inhibit linoleic acid by 3.46 times.

Similarly, additional treatment with US or MW
radiation increased the antioxidant properties of the
semi-finished products, if compared with -classical
maceration.

Thus, US processing is necessary to obtain a
raspberry extract with a high content of physiologically
active substances and high antioxidant properties.

The study introduces a optimal conditions for
raspberry extract production. The new technological
scheme is given in Fig. 2.

Grinding ‘

Pouring into aseptic
vessels

Y

Raw rpaterial - Selection || Washing -
delivery
US extraction at 50kHz .
5 - . . - Concentrating u
40°C, 120 min, 1:10 »|  Filtration sy ‘
¢ PCV
T Pulp Y

50% ethanol

Water-ethanol mixture

Storage and offtake,
12 months, 4-7°C, with no

Figure 2 Procedure chart for raspberry extract production
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Table 3 Properties of the raspberry extract

Indicators Raspberry extract
Sensory Appearance Transparent liquid without residue
properties Taste and aroma Bitter-sweet, like raspberry juice
Colour Bright raspberry
Physical and Soluble solids, % 65.0+0.1
chemical Titratable acidity,% (expressed as malic acid) 5.50 +£0.02
indicators Mass fraction of ethanol, % <1.0
Antioxidant Total content of phenolic substances, mg of gallic acid/100 g of starting material 654.0 + 25
properties Total content of flavonoids, mg catechin/100 g of starting material 194.0 £ 13
Total content of anthocyanins, mg cyanidin-3-glycoside/100 g of dry matter 50.81+2.14
Antiradical activity according to the DPPH method, E ., , mg/cm’ 2.02+0.01
Restoring force according to the FRAP method, mmol Fe?*/1 kg 22.31+0.04
of starting material
Antioxidant activity in the smooth system of linoleic acid, % of berry inhibition 68.35 + 0.07
Microbial Total visible count, CFU/g Not detected
attributes Coliforms, CFU/g Not detected
Yeast and mould, CFU/g Not detected

The experimental data made it possible to define the
best technological modes: ethanol = 50%, US radiation
frequency = 35 kHz, temperature = 40 + 5°C, time = 120
min, raw materials vs. solvent ratio = 1:10. A circulation
vacuum evaporator concentrated the extract until the
content of soluble solids was 65% and the mass fraction
of ethanol was < 1.0%.

The extract was
microbiological, physicochemical,
properties (Table 3).

Chronic inflammation is one of the main etiological
factors that trigger certain types of cancer. As a result,
some anti-inflammatory drugs, e.g. ibuprofen, have an
anti-carcinogenic effect on colon cancer.

The main objective of this research was to study the
anti-inflammatory properties of the raspberry extract.
A set of experiments was conducted to study its effect
on the expression of the genes of individual components
of the anti-inflammatory pathway. A colon cancer cell
line was studied by the RT-PCR method to measure the
effect of non-toxic extract doses on the expression of the
following genes: cyclooxygenase 2 (COX-2), induced NO
synthase (iNOS) and interleukin 8 (/L-8) [38]. The anti-
inflammatory effect of the raspberry extract indicates its
potential anticarcinogenic activity.

The functional activity of the COX-2 gene is directly
related to inflammation. This gene is expressed by
macrophages, synoviocytes, fibroblasts, smooth vascular
muscles, chondrocytes, and endothelial cells after they
have been induced with cytokines or growth factors.
COX-2-induced prostaglandins — directly or indirectly
— enhance the production of the enzyme according to
the positive feedback mechanism [39]. Inhibition of
COX-2 is considered as one of the main mechanisms
of the anti-inflammatory activity of nonsteroidal anti-
inflammatory drugs (NSAIDs). Selective inhibition of
this cyclooxygenase can minimise various side effects
observed during the inhibition of cyclooxygenase 1.

then analysed by sensory,
and antioxidant
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COX-2 plays an important role in the development
of inflammatory processes and carcinogenesis in the
gastrointestinal tract. An increased COX-2 expression
was observed in 85% of gastrointestinal tumours,
which also correlated with low survival. Animal studies
showed that deleting COX-2 or treating animals with
selective COX-2 inhibitors reduced the number, size,
and multiplicity of tumours. COX-2 causes tumour
progression as it induces the expression of anti-apoptotic
proteins of the Bcl-2 family, which leads to apoptosis
resistance in the future [37].

IL-8 is known as a T-cell chemotactic factor
and a neurophil activating factor (NAF) [40, 41]. It
belongs to the group of chemokines, which provide
chemotaxis in the area of inflammation of neutrophils,
monocytes, eosinophils, and T-cells. /L-8 possesses
pronounced pro-inflammatory properties. It causes
the expression of intercellular adhesion molecules and
enhances neutrophil adherence to endothelial cells
and subendothelial matrix proteins. Hence, it is an
important mediator of inflammatory response [42].
IL-8 is produced by macrophages, lymphocytes,
epithelial cells, fibroblasts, and epidermal cells. /-8 also
regulates pro-inflammatory angiogenesis. This cytokine
enhances the expression of vascular endothelial growth
factor A (VEGF-A) by endothelial cells and increases the
expression of vascular growth receptor 2 (VEGFR2) [43].

iNOS expression is regulated by pro-inflammatory
cytokines (tumour necrosis factor-alpha (7TNF-a),
interleukin-18 (/L-1f), interferon-y (/FN-y), hypoxia,
oxidative stress, and, according to recent studies, by
Hsp70 heat shock protein. Inhibition of iNOS results
from the suppression of the pro-inflammatory and
proliferative pathways NF-kB and JAK-STAT [44].

The expression of these genes can denote the
presence or absence of the anti-inflammatory effect
of the extracts on colon cells. This research did not
study the anticarcinogenic properties of the extract
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Table 4 Effect of raspberry extract on cell viability of the
supercritical HCT-116

Cell viability 1C50 1C30 IC10
0.25+0.05 0.165+0.01 0.09+0.03

Volume
concentration, %

components; however, its results may indicate the
feasibility of in vivo experiments to determine the
anticarcinogenic properties of the raspberry extract.

We performed an MTT test to define the cytotoxicity
of the raspberry extract. A wide range of concentrations
(0.03125-2%, v/v) showed that the raspberry extract has a
cytotoxic effect on colon cancer cells HCT-116 (Table 4).

Next, a non-toxic concentration of the raspberry
extract was used to define the working concentration.
It was used to study the effect of the extract on the
expression level of COX-2, iNOS, and IL-8. Working
concentrations used were 0.0625 and 0.03125% (v/v).

A PCR analysis of COX-2 expression was performed
after colon cancer cells of the HCT-116 line had
undergone a proper treatment. The analysis showed
that the raspberry extract had an inhibitory effect on
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Figure 3 Effect of the raspberry extract on COX-2 expression.
The quantitative PCR analysis of COX-2 expression was
performed after HCT-116 cells had been incubated for 24 h at
working concentrations (0.063% and 0.031%). The number of
PCR products was assessed and normalised according to the
amount of the PCR product of the Rp/27 gene
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Figure 4 Effect of the raspberry extract on iNOS expression.
The quantitative PCR analysis of iNOS expression was
performed after HCT-116 cells had been incubated for 24 hours
at working concentrations (0.063% and 0.031%). The number
of PCR products was assessed and normalized according to
the amount of the PCR product of the Rp/27 gene
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Figure 5 Effect of the raspberry extract on /L-8 expression.
The quantitative PCR analysis of /L-8 expression was
performed after HCT-116 cells had been incubated for 24 hours
at working concentrations (0.063% and 0.031%). The number
of PCR products was assessed and normalized according to
the amount of the PCR product of the Rp/27 gene

the expression of this gene. The effect of the extract on
COX-2 expression depended on the dose. Figure 3 shows
that when the concentration of the extract was 0.063%,
COX-2 expression fell down to 43%, i.e. by 2.3 times.
When the concentration of the extract was 0.031%, it fell
down to 22%, i.e. by 4.5 times.

Figure 4 shows some dependencies revealed by the
analysis of iNOS expression. When treating the cells
with the raspberry extract, both concentrations resulted
in a decrease in iNOS expression by almost 2 times:
47% and 42% for concentrations of 0.063% and 0.031 %,
respectively.

The PCR analysis showed that the raspberry
extract also inhibited /L-8 expression. When
HCT-116 cells were treated with the raspberry extract at
the concentration of 0.063%, it inhibited /L-8 expression
by 54%, while the concentration of 0.031% inhibited
IL-8 expression by 42%. Figure 5 shows the effect of the
raspberry extract on /L-8 expression.

CONCLUSION

The research results made it possible to draw the
following conclusions:

(I) US or MW treatment improved the extraction
process and increased the content of biologically active
cells and their antioxidant properties. US extraction had
a greater impact on the content of phenolic substances
and flavonoids, whereas the content of anthocyanins
remained almost the same after different types of
extraction.

(2) The experimental data made it possible to define
the optimal technological parameters: ethanol = 50%,
US radiation = 35 kHz, temperature = 40 = 5°C,
time = 120 min, raw materials vs. solvent ratio = 1:10.

(3) The study defined the sensory, physical, and
chemical quality and safety indicators for raspberry
extracts, which did not contradict with the national
regulatory documentation.

(4) The raspberry extract was found able to reduce
the expression of pro-inflammatory COX-2, iNOS,
and /L-8 genes. This semi-finished product can be
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recommended for further studies of the effect it has on CONFLICT OF INTEREST
induced COX-2, iNOS, and IL-8 expression, as well as The authors declare that there is no conflict of
for in vivo studies of its anticarcinogenic activity. interest related to this article.
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