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Abstract

Background: Extracts from plants, rich in antioxidants may be used as active ingredients of many preparations,
mainly due to their antioxidant, regenerative and anti-aging properties. The work involved a comprehensive evaluation
of the Jerusalem artichoke (Helianthus tuberosus L.) leaf and tuber extract as a multifunctional raw material.

Methods: The plant extracts were prepared by using ultrasound-assisted extraction method (UAE).The content of total
phenolic and flavonoid compounds of extracts were determined spectrophotometrically using the Folin-Ciocalteu
method and aluminium nitrate nonahydrate, respectively. Antioxidant activity of extract was analyzed using DPPH free
radical scavenging assay and the effect of the investigated extracts on the proliferation of keratinocytes (HaCaT) and
fibroblasts (BJ) was measured. To detect of intracellular reactive oxygen species level in tested cells, the fluorogenic dye
H2DCFDA was used. In the next step, the ability of obtained extracts to regulate the expression of genes (SOD-1, Nox-4)
involved in oxidative stress in cells was evaluated.

Results: As a result of the conducted research, it was shown that leaf extract exhibit a higher content of phenols and
flavonoids comparing to tuber extracts (5.07 and 7.14 fold higher, respectively). The opposite trend was observed after
proliferation assay with Neutral Red test. It was shown that tuber extract in all applied concentrations (25–500 μg·ml− 1)
had a positive effect on fibroblast growth. The leaf extract showed proliferative activity only for the smallest tested
concentrations (25–100 μg·ml− 1). Similar trends were observed for HaCaT cells. The distinct effect of leaves and tuber
extract on the generation of ROS was observed in HaCaT cells. In the present study, it was shown that tuber and leaf
extracts may increase the expression of the ROS SOD-1 inactivating enzyme gene in the fibroblast cell line. There were
no significant differences in gene expression of the ROS Nox-4 producing enzyme. In the case of keratinocytes, the
opposite effect was observed.

Conclusions: The study suggest that Jerusalem artichoke leaves and tubers extracts affect the cell proliferation and can
alter the expression of genes related to oxidative stress.
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Background
It is commonly known that oxidative stress caused by
free radicals and their derivatives is responsible for dis-
turbing redox homeostasis [1]. It also is one of the pri-
mary factors involved in the development of chronic
disorders, aging, cancer, degenerative neuronal damage,
diabetes mellitus and coronary heart ailment [2, 3]. Re-
active oxygen species (ROS) are a group of unstable

molecules that are generated in all cells during normal
physiological and biochemical processes. Excessive pro-
duction of free radicals can cause cellular and tissue in-
jury through nonspecific modification and disruption of
phospholipids, proteins and nucleic acid [4]. ROS have a
negative effect primarily on organelle and cell mem-
branes. Their excess entail peroxidation of membrane
lipid and modification of membrane protein. As a result,
the structure of the membranes is changing and also
their functions are disturbed. Reactive oxygen species
causes alternations in cell membrane permeability and
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fluidity, intracellular enzyme and ion channels activity
[5]. These radicals can also may cause DNA damage,
leading to mutagenic changes and cell death [6]. Fortu-
nately, well-functioning cells have the ability to defend
against the destructive effects of free radicals by the en-
dogenous systems which consist of various enzymes
such as superoxidase dismutase (SOD), catalase (CAT)
and glutathione peroxide (GPX). An extremely import-
ant role in the fight against damage caused by free radi-
cals play antioxidants derived from diet. The rich source
of natural antioxidants are primarily plants, mainly
fruits, vegetables and herbs, which are now eagerly in-
cluded in the daily diet. Plant compounds with antioxi-
dant properties can be helpful in the therapy of diseases
caused by the action of free radicals [7, 8]. They also can
enhance the antioxidant system, reverse oxidative dam-
age and protect against oxidative stress induced deterior-
ation. The antioxidant capacity of plant extracts is
mainly associated e.g. with phenolic, flavonoids, isoflavo-
noids and anthocyanins content. Numerous studies had
indicated a correlation between the content of phenolic
compounds and flavonoids in plants and the antioxidant
activity of plant extracts [9, 10].
Helianthus tuberosus L. (Jerusalem artichoke) is a per-

ennial herb from Asteraceae family, originating from the
United States where it was cultivated by the indigenous
inhabitants. It has a 1,5–3 m tall stem, large leaves,
fleshy tubers and yellow sunflower-like flowers [11]. The
content of compounds contained in Jerusalem artichoke
tubers depends strictly on the harvest conditions and
topinambur clones. Helianthus tuberosus L. tubers are a
rich source of carbohydrates [12]. It is one of the main
sources of inulin in higher plants, its content reaches up
to 85% of the dry matter of tubers [13]. The content of
free sugars such as glucose, fructose and sucrose is
much lower and rarely exceeds 6–8% of dry matter. Pro-
teins present in topinambour tubers reaches up to 10%
of dry matter. It contains almost all essentials amino
acid such as tryptophan and threonine [11, 14] to the
high content of inulin in topinambour tubers, it has
been used in folk medicine, and found an application in
the treatment of many diseases such as diabetes and
rheumatism. This polysaccharide also has a diuretic,
aperients, cholagogue, spermatogenic, stomachic and
tonic effect [15]. Phytochemical studies demonstrated
that topinambour is a source of coumarins, polyacetyle-
nic derivatives, unsaturated fatty acids and sesquiter-
penes. Aerial biomass of this plant contain cellulose,
hemicelluloses, uronic acids, lignins, proteins and lipids
[16, 17]. In addition, due to the presence of many bio-
logically active substances, such as phenolic compounds
and flavonoids, leaves of Jerusalem artichoke have also
found an application in medicinal purposes [18, 19].
They have been used for treatment of skin wounds, bone

fractures, swellings and to reduce pain. These applica-
tions are closely related to the activity of Helianthus
tuberosus L. leaves, which had shown anti-inflammatory,
antispasmodic, antimicrobial, antifungal, antipyretic and
analgesic effects [19–21].
The aim of our study was to determine the ability of ob-

tained extracts to impact on cell metabolism, influence on
the regulation of gene expression (SOD-1, Nox-4) and to
evaluate antioxidants activities of tubers and leaves of He-
lianthus tuberosus L. extracts. The content of flavonoids
and phenolic compounds was also determined. These ex-
tracts were obtained by ultrasound-assisted extraction
method (UAE) and pure ethanol was used as a solvent. It
also has been investigated the ability of obtained extracts
to impact on cell metabolism and regulate of gene expres-
sion (SOD-1, Nox-4) involved in oxidative stress in cells.
The experiments were performed on two human cell lines:
keratinocytes (HaCaT) and fibroblasts (BJ).

Methods
Plant material and extraction procedure
Helianthus tuberosus L. were planted in a sunny pos-
ition, in the first half of March, every 30 cm in a row.
The distance between rows was about 80 cm. The tubers
were planted in a depth of 10–15 cm. The leaves and tu-
bers of Helianthus tuberosus L. were collected from the
region of Subcarpathian Voivodeship in Poland during
the September 2017. The collected tubers and leaves
were transported to the laboratory and prepared for fur-
ther analysis. To remove the soil and other impurities,
the plant material was cleaned by washing with deion-
ized water. Then, samples of leaves and tubers were used
for solvent extraction.
The fresh plant extracts were prepared by using

ultrasound-assisted extraction method (UAE). UAE was
performed according to the method described by Ying et
al. [22] in ultrasonic bath (Digital Ultrasonic Cleaner)
equipped with time controller. About 15 g of plant ma-
terial was packed to the glass tubes and extracted with a
200 ml of ethanol in room temperature. The mixture
was homogenized for 50 min (10 cycles for 5 min). Then,
obtained extracts were collected and filtered through
Whatman filter paper No. 10 and evaporated at 50 °C
using a rotary evaporator. Tuber and leaves extracts
were stored in the dark in 4 °C for further analysis.

Total phenolic content determination
The total phenolic content of leaves and tubers Helianthus
tuberosus L. extracts were determined spectrophotomet-
rically by the Folin-Ciocalteu method according to the
procedure reported by Singleton et al. with some modifi-
cations [23]. The 300 μL of leaves extract solutions and
1500 μL of 1:10 Folin-Ciocalteau reagent were mixed and
after 6min in the dark, 1200 μL of sodium carbonate
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(7.5%) was added. After 2 h of incubation in the dark
at room temperature, the absorbance at 740 nm was
measured spectrophotometrically by AquamateHelion
(Thermo Scientific). The total phenolic concentration
was calculated from a gallic acid (GA) calibration
curve (10–100 mg·mL− 1). Data were expressed as
gallic acid equivalents (GA)·g− 1 of extract averaged
from three measurements.

Total flavonoids content determination
The total flavonoid content of plant extracts were eval-
uated using aluminium nitrate nonahydrate according
to the procedure reported by Woisky and Salatino with
modifications [24]. The 600 μL of plant extracts solu-
tions and 2400 μL of mixture (80% C2H5OH, 10%
Al(NO3)3 × 9H2O and 1M C2H3KO2) were mixed.
After 40 min of incubation at room temperature, the
absorbance at 415 nm was measured spectrophotomet-
rically by AquamateHelion (Thermo Scientific). The
total flavonoids concentration in extracts were calcu-
lated from a quercetin hydrate (Qu) calibration curve
(10–100 mg·mL− 1) and expressed as quercetin equiva-
lents (Qu)·g− 1 of extract averaged from three independ-
ent measurement.

DPPH radical scavenging assay
Antioxidant activity of plant extract was analysed
using DPPH free radical scavenging assay, according
to the method described by Brand-Williams et al.
[25]. 167 μL of 4 mM ethanol solution of DPPH was
mixed with 33 μL analysed samples in different con-
centrations (250 μg·ml− 1 – 5000 μg·ml− 1). The absorb-
ance was measured at λ = 516 nm in every 5 min for
30 min using UV-Vis spectrophotometer Filter Max 5
(Thermo Scientific). DPPH solution mixed with equal
volume of distilled water was served as a control. The
percentage of the DPPH radical scavenging were cal-
culated using the equation:

%DPPH•scavenging ¼ Abs control � Abs sample½ �
=Abs control � 100%

Cell culture
HaCaT cells (normal human keratinocytes, ATCC®) and
BJ cells (fibroblasts, ATCC®CRL-2522™) was obtained
from the American Type Culture Collection (Manassas,
VA 20108, USA). HaCaT cells were maintained in a
DMEM (Dulbecco’s modified essential medium, Gibco)
with L-glutamine, supplemented with 5% (vol/vol) FBS
(fetal bovine serum, Gibco), and 1% (vol/vol) antibiotic
(100 U·mL− 1Penicillin and 1000 μg·mL− 1 Streptomycin,
Gibco). Fibroblast were maintained in a MEM (Mini-
mum Essential Medim, Gibco) contains Earle’s salt and

L-glutamine, supplemented with 5% (vol/vol) FBS (fetal
bovine serum, Gibco), and 1% (vol/vol) antibiotic (100
U·mL− 1 Penicillin and 1000 μg·mL− 1 Streptomycin,
Gibco). All cultured cells were kept at 37 °C in a humidi-
fied atmosphere of 95% air and 5% of carbon dioxide
(CO2).When the cells reached confluence, the culture
medium was removed from the flask (VWR) and cells
were rinsed two times with sterile PBS (Phosphate-Buf-
fered Saline, Gibco). The confluent layer was trypsinized
using Trypsin/EDTA (Gibco) and then resuspended in
fresh medium. Cells were treated with varying concen-
trations (25, 50, 100, 250, 500 μg·mL− 1) of ethanolic
tuber and leaves topinambour extract suspended in
DMSO and its value has not exceed 1%.

Cell ViabilityAssay
Cell growth was measured using the neutral red dye
(Sigma Aldrich). This assay is based on the initial proto-
col described by Borenfreund et al. and determines the
accumulation of the neutral red dye in the lysosomes of
viable, uninjured cells [26].
Cells were placed in 96-well plates at a density of 1 ×

104 cells per well with fresh medium. After 24 h of
pre-culture, medium was aspirated and varying concen-
trations (25, 50, 100, 250, 500 μg·mL− 1) of extracts were
added into each well and cultured for another 24 h. The
control group were unexposed cells. Following exposure
to leaves and tuber extracts, cells were incubated for 2 h
with neutral red dye (40 μg·mL− 1) dissolved in serum
free medium (DMEM or MEM for HaCaT and fibro-
blasts respectively). After this, cells were washed with
Phosphate Buffered Saline (PBS), and then added 150 μL
destain solution (EtOH/AcCOOH/H2O2, 50%/1%/49%)
per well, followed by gentle shaking for 10 min, until the
neutral red has been extracted from the cells and has
formed a homogenous solution. Neutral red dye uptake
was determined by measuring the optical density (OD)
of the eluted dye at 540 nm in microtiter plate reader
spectrophotometer FilterMax F5 (Thermo Fisher). The
experiments were performed in triplicates for each
extract concentration and presented as percentage of
control values.

Detection of intracellular reactive oxygen species level
To assay the capacity of obtained plant extracts to gen-
erate intracellular level of reactive oxygen species in
HaCaT and fibroblasts cells, the fluorogenic dye
H2DCFDA was used. After passively diffusion into the
cells, H2DCFDA was deacetylated by intracellular ester-
ases into the nonfluorescent compound, that upon oxi-
dation by ROS is converted to the highly fluorescent
2′,7′-dichlorofluorescein (DCF) [27].
Cells were seeded in 96-well plates at a density of

1 × 104cells per well and initially cultured before the
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experiment for 24 h. After this, culture medium was
changed on 10 μM H2DCFDA (Sigma Aldrich) in
serum-free medium (DMEM or MEM for HaCaT and
fibroblasts respectively). Cells were incubated in
H2DCFDA for 45 min before extracts treatment. Then
HaCaT and fibroblast cells were exposed into different
extract concentration (25, 50, 100, 250, 500 μg·mL− 1),
cells treated with 1 mM hydrogen peroxide (H2O2)
was used as a positive control. The DCF fluorescence
was measured every 30 min for a total 90 min using a
microplate reader FilterMax F5 (Thermo Fisher Scien-
tific) at maximum excitation of 485 nm and emission
spectra of 530 nm.

Real-time PCR for mRNA expression analyses
For the experiment, cell were seeded on 6-well plate at a
density 5 × 105 cells per well. After 24 h of
pre-incubation, cells were treated with obtained leaves
and tuber extracts and incubated for 24 h. Then, samples
were collected, and total RNA was extracted from
HaCaT and fibroblast cells using a EURx Universal RNA
Purification Kit according to the manufacturer’s proto-
col. The quality and quantity of the mRNA were deter-
mined spectrophotometrically at 260 and 280 nm (ND/
1000 UV/VIS; ThermoFisher NanoDrop). The reverse
transcription (RT) reaction was performed at a final vol-
ume 20 μL with 1 μg of RNA (as a cDNA template)
using the High-Capacity cDNA Reverse Transcription
Kit (Applied Biosystem™) according to the manufac-
turer’s protocol. The RT-PCR run was performed using
the Bio Rad C1000 Touch™ Thermal Cycler (Bio Rad La-
boratories). The products obtained from the RT reaction
were amplified using TaqMan Gene Expression Master
Mix (Life Technologies Applied Biosystems) kit with
TaqMan probes as primes for the specific genes encod-
ing Nox-4 (assay ID Hs00276431_m1), SOD-1 (assay ID
Hs00166575_m1), GAPDH (assay ID Hs02786624_g1).
Amplification was carried out in a total volume of 20 μL
containing 1× TaqMan Gene Expression Master Mix
and 1 μL of RT product, which was used as the PCR
template. Standard qPCR procedures were performed as
follows: 2 min at 50 °C and 10min at 95 °C, followed by
40 cycles of 15 s at 95 °C and 1min at 60 °C using an Bio
Rad CFX Connect™ Real-Time System (Bio Rad Labora-
tories).The mRNA expression was calculated relative to
a nontargeting control in each experiment. The experi-
ments were repeated in triplicate. The expression level of
the gene was calculated using the comparative threshold

cycle (Ct) method [28] GADPH was used as the
reference gene.

Statistical analysis
Each value is the mean of three replicates. Values of dif-
ferent parameters were expressed as the mean ± standard
deviation (SD). The two-way analysis of variance
(ANNOVA) and Bonferroni post-test between groups
were performed at the level P value of < 0.05 to evaluate
the significance of differences between values. Statistical
analyses were performed using GraphPad Prism 5.0
(GraphPad Software, Inc., Sand Diego CA).

Results
In our research the total phenolic content (TPC) and total
flavonoid content (TFC) were determined from the cali-
bration curves of gallic acid (y = 0.0046x + 0.0452, R2 =
0.9989), and quercetin (y = 0.0153x-0.0053, R2 = 0,9996),
respectively. The TPC and TFC of tubers and leaves etha-
nolic extract obtained from ultrasound-assisted extraction
are presented in Table 1. The result showed, that leaves
extract exhibits the higher phenolic and flavonoid content,
compared to the tubers extract (5.07 and 7.14 fold higher,
respectively). It also was observed, that the TPC and TFC
were increasing in a dose-dependent manner for both
extracts.
Our research proved, that leaves and tubers of Helian-

thus tuberosus L. are rich source of flavonoids and phen-
olic compounds. Thus, we hypothesized that both
extracts may have an antioxidant potential. The possibil-
ity of Helianthus tuberosus L. tuber and leaves extract do
reduce free radicals was evaluated by DPPH• scavenging
assay, where reaction is based on changing colour of free
radical solution following to incubation with analysed
substances. Decreasing of absorption values after adding
tested substances to the radical solution is directly pro-
portional to the number of formed DPPH• [29]. Ana-
lyses were conducted in the various concentrations,
ranging from 250 μg·mL− 1 up to 5000 μg·mL− 1. Mea-
surements of extracts antioxidant activity were per-
formed every five minutes over 30 min. Based on
obtained data, it was showed that analysed extracts ex-
hibit different antioxidant properties. Jerusalem arti-
choke leaves extract in all tested concentrations showed
higher antioxidant activity, than tuber extract. When
considering the lowest used concentration of H. tubero-
sus leaves extract, its ability to reducing DPPH• main-
tained on 50% level. In the next used concentration

Table 1 Total phenolic and total flavonoid of Helianthus tuberosus L. extracts

Total phenolic content (mg GA/g ± S.D.) Total flavonoids content (mg Qu/g ± S.D.)

Leaves Tubers Leaves Tubers

389,88 ± 5,24 76,84 ± 4,96 43,20 ± 0,55 6,05 ± 0.32
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(500 μg·mL− 1), it was about 10% more, for the others
concentrations, percent of scavenged DPPH radical were
at the same level. The highest ability (84%) to DPPH• in-
hibition was observed for the 5000 μg·mL− 1 concentra-
tion. Considering a leaves extract, we have not observe a
dose-dependent response, with the exception of the last
lowest tested concentrations (250 and 500 μg·mL− 1). For
the tubers extract we have noticed a dose-dependent
manner in response, up to concentration of 750 μg·mL−
1. The lowest concentrations of tested extract have not
exhibit antioxidant properties (Fig. 1). Analysed data, ob-
tained from the H. tuberosus tuber extract, indicate a
much lower ability to scavenge free radicals compared to
the Jerusalem artichoke leaves extract. The similar ten-
dency was also observed in case of phenol and flavonoid
content. Extracts obtained from leaves was characterized
by higher content comparing to the ones obtained from
tubers. The highest tested concentration of tuber extract
(5000 μg·mL− 1) exhibit the ability of radical scavenging
over 56% level. The percent of inhibited DPPH• de-
creased in a dose-dependent manner, for the diluted ex-
tract (250 μg•ml− 1) it was approximately 0% (Fig. 2).
These results are reflected to the total phenolic and total
flavonoid concentration in both extracts.
The biological activity of tuber and leaves extracts

from Helianthus tuberosus L. was also investigated on
cells as in vitro model. The cytotoxicity of our extracts
was assessed on HaCaT and BJ fibroblast cell lines using
neutral red method. Both type of cells were treated with
various concentrations of extracts, ranging from 25 to
500 μg·mL− 1 for 24 h. The results showed, that the
leaves extract displayed a proliferative effects for the
smallest tested concentrations, but when doses in-
creased, number of living fibroblast cells decreases up to
62,76% compared with the control group. While, tuber
extract in all used concentration showed positive effect
on fibroblast growth. The highest proliferative effect on

BJ were observed for 50 μg·mL− 1 (Fig. 3). Similar results
were obtained for HaCaT cells. The smallest concentra-
tion of used leaves extract (50 and 100 μg·mL− 1) were
exhibit proliferative properties, but when dose increased,
the cell viability was decreasing. In the highest tested
concentration, only 28% of living cells were observed,
compared to the control group. Tuber extract in all
tested concentration did not show toxic effect on HaCaT
cells. Moreover, the induction of proliferative effect of
tuber extract was observed. The highest increase of cell
proliferation was noticed for 100 μg·mL− 1 of tested con-
centration (Fig. 4). Obtained results clearly suggest that
both types of extracts could have both or positive or
negative impact on cell proliferative effect. In case of
leaves extract these effect might be correlated with high
concentration of isolated phenolic and flavonoid com-
pounds. While, in tubers extract considering the low
content of these compounds, this behaviour should not
be related with them, as happened for leaves. It also was
observed, that leaves extract showed less toxicity to BJ
cell line, than to HaCaT cells.
The possibility of Helianthus tuberosus L. extracts to

generate free radicals was evaluated using 2′,7′-dichlor-
odihydrofluorescein diacetate (H2DCFDA) assay. As is
recommended [30], we examined whether plant extracts
without cells affected the fluorescence of the H2DCFDA.
Additionally, the separated experiment showed that
there were no interactions between plant extracts and
H2DCFDA substrate in DMEM or MEM medium. Dur-
ing the time of incubation it was shown, that extracts
can generate intracellular reactive oxygen species in
time- and dose-dependent manner. The biological activ-
ity of tested extracts was also specific to the used extract
and cell model. Fibroblasts treated with a range of con-
centration of Helianthus tuberosus L. leaves ethanolic
extracts showed correlation between used dose and
number of ROS generation. When fibroblast cells were

Fig. 1 Kinetics of the absorbance changes in DPPH• solutions in the presence of various concentrations of ethanolic extract of Helianthus tuberosus L.
leaves. Values are mean of three replicate determinations (n = 3)
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treated with low concentrations of these extract, the
intracellular ROS level fluctuated at around the control
group. With dose above 100 μg·mL− 1, reactive oxygen
species production were increasing. For the highest used
leaves extract concentration, the number of ROS was 2,3
fold higher, compared to the untreated cells (Fig. 5).
There was no observed significant differences in tuber
extract concentration and ROS production in fibroblast
(Fig. 6). A marked effect of leaves and tuber extract on
ROS generation was observed in HaCaT cells. The three
highest concentrations of leaves extract, significantly in-
creased ROS production. In concentration 500 μg·mL− 1,
the level of intracellular reactive oxygen species was al-
most 3 time higher, compared to unexposed cells (Fig. 7).
The tuber extract exhibit significant difference in ROS
generation merely in the highest tested concentration,
where the level of ROS is two times higher, when com-
pared to cells with medium (Fig. 8).

To examine the impact of tested extracts on ability of
expression modulation of two important genes which
were known to be involved in oxidative stress the
real-time quantitative PCR technique was used. For this
experiment two extract concentration were chosen: 50
and 500 μg·mL− 1, which showed different effect on cell
viability. It have been demonstrated, that both tuber and
leaves extracts can increase the gene expression of
ROS-inactivating enzyme – SOD-1 in fibroblast cell line.
In the case of leaves extract, the higher concentration
(500 μg·mL− 1) caused a lower SOD-1 gene expression,
which might be correlated with inhibition of cell prolif-
eration and increase of intracellular ROS generation.
There was no observed significant differences in the
gene expression of ROS-producing enzyme Nox-4
(Fig. 9). In turn, in keratinocytes, leaves extract down-
regulates SOD-1 expression and upregulates the expres-
sion of Nox-4. Addition of the tuber extract to the cell

Fig. 2 Kinetics of the absorbance changes in DPPH• solutions in the presence of various concentrations of ethanolic extracts of Helianthus
tuberosus L. tubers. Values are mean of three replicate determinations (n = 3)

Fig. 3 The effect of increasing concentrations of ethanolic Helianthus tuberosus L. tubers and leaves extracts (25, 50, 100, 250, 500 μg·mL− 1) on
Neutral Red Dye uptake in cultured fibroblast cells after 24 h of exposure. Data are the mean ± SD of three independent experiments, each of
which consists of three replicates per treatment group. ***p < 0.001, **p < 0.01, *p < 0.05 versus the control (100%)
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demonstrated opposite effect, it significantly increased
SOD-1 gene expression, whereas Nox-1 gene was
down-regulated (Fig. 10).

Discussion
Different parts of plants contains various groups of bio-
active compounds, including phenols, phenolic acids,
flavonoids, isoflavones. All these substances have re-
ceived attention because of their physiological function,
mainly effected by antioxidant, anti-inflammatory and
antimicrobial properties [19–21]. The polyphenolic com-
pounds of natural origin, constitute a large group of
compounds that are a secondary metabolites of plants.
Plants polyphenols are formed by two basic cycles of
metabolism, in the shikimic acid cycle and the acetic
acid cycle. In the plant material, these substances can be
present in the simple form as well as compound with a
high degree of complexity. Moreover, many phenolic

compounds can occur in a complex with carbohydrates
or protein, which have significant impact on their bio-
chemical properties. As the result, the composition of
phenolic fraction is highly depended on the species, var-
iety, agrotechnical and climate conditions but most of all
on the part of the plant from which the raw material
was obtained [31]. Ultrasound-assisted extraction (UAE)
seems to be an ideal method, capable to extract high
quantities of bioactive compounds in a short time. UAE
is also one of economical and efficient technique for iso-
lation of biologically active compounds. Hence, in this
work we used UAE method to separate flavonoids and
phenolic compounds from leaves and tubers of Helian-
thus tuberosus L. A previous study demonstrates that
the leaves and tubers of Jerusalem artichoke contained a
high amount of phenolic compound [31, 32]. The tuber
are rich source of chlorogenic and dicaffeic acid, in turn
as a source of flavonoids leaves contains rutin and

Fig. 4 The effect of increasing concentrations of ethanolic Helianthus tuberosus L. tubers and leaves extracts (25, 50, 100, 250, 500 μg·mL− 1) on
Neutral Red Dye uptake in cultured keratinocytes cells after 24 h of exposure. Data are the mean ± SD of three independent experiments, each of
which consists of three replicates per treatment group. ***p < 0.001, **p < 0.01, *p < 0.05 versus the control (100%)

Fig. 5 The effect of increasing concentrations ethanolic Helianthus tuberosus L. leaves extracts (25, 50, 100, 250, 500 μg·mL− 1) on the DCF fluorescence
in fibroblast cells. Medium with 1mM hydrogen peroxide (H2O2) was used as a positive control. The data are expressed as the mean ± SD of three
independent experiments, each of which consisted of three replicates per treatment group
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camferol. The dominant group of phenolic compounds
are isomers of caffeoylquinone and dicavoylquinone. The
results obtained in this paper, corresponds with the
other research, which indicate on higher phenolic com-
pounds content in leaves than tubers of Helianthus
tuberosus L. [18, 32]. We were shown that leaf extract
exhibit much higher content of phenols and flavonoids
comparing to tuber extracts (5.07 and 7.14 fold higher,
respectively). One of the most important properties of
phenolic compounds derived from plants is their antiox-
idative activity. The phenols consists of a hydroxyl group
and plays an essential role in the antioxidant ability by
donating hydrogen and forming stable radical intermedi-
ates [33]. The mechanism of action of phenols relies
mainly on neutralization of free radicals, chelation of
metal ions and induction of dismutase enzymes, as well
as peroxidases. Owning to the aforesaid relationship be-
tween antioxidant activity and phenolic and flavonoid
content, tuber and leaves extracts revealed strong radical
scavenging ability may link with their rich phenolic acids

concentration. It was also showed, that the ability to
DPPH radical scavenging was increasing in a dose-
dependent manner for both tested extracts. Moreover,
obtained data showed that analysed extracts exhibit dif-
ferent antioxidant properties. It was noticed that leaves
extract in all tested concentrations showed higher anti-
oxidant activity, than tuber extract. All analysed concen-
trations of leaf extract showed more than 40% inhibition
of the DPPH radical, whereas only the highest concen-
tration of tuber extract showed similar activity. The
much lower ability to scavenge free radicals from the
tuber extract, compared to the leaves extract, might de-
pend on differences on phenol and flavonoid content.
Yuan et al. (2012) in their paper also showed the high
ability of Helianthus tuberosus L. leaves extract to scav-
enging DPPH• and the percent of inhibited radical in-
creased with the concentration increase of the test
sample. They also showed, that a higher concentration
of 3-O-caffeoylquinic acid and 1,5-dicaffeoyqunic acid
(present in the leaves) were the major factors responsible

Fig. 6 The effect of increasing concentrations ethanolic Helianthus tuberosus L. tubers extracts (25, 50, 100, 250, 500 μg·mL− 1) on the DCF fluorescence
in fibroblast cells. Medium with 1mM hydrogen peroxide (H2O2) was used as a positive control. The data are expressed as the mean ± SD of three
independent experiments, each of which consisted of three replicates per treatment group

Fig. 7 The effect of increasing concentrations ethanolic Helianthus tuberosus L. leaves extracts (25, 50, 100, 250, 500 μg·mL− 1) on the DCF fluorescence
in keratinocytes cells. Medium with 1mM hydrogen peroxide (H2O2) was used as a positive control. The data are expressed as the mean ± SD of three
independent experiments, each of which consisted of three replicates per treatment group
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for the radical scavenging activities [18]. Obtained data
present a cell-specific and dose-dependent effect of Heli-
anthus tuberosus L. leaves extract on cells growth. We
have noticed, that the leaves extract exhibit an induction
of proliferative effects for the smallest tested concentra-
tions, while increase of concentration caused decrease in
number of living fibroblast cells. Considering the tuber
extract, it showed positive effect on fibroblast growth in
all used concentration. We have observed similar effect
of both extracts on HaCaT cells viability. The smallest
leaves extract concentration were exhibit proliferative
properties, but higher doses decreased the cell viability.
Tuber extract in all tested concentrations did not show
any toxic effect on HaCaT cells. Moreover, there was ob-
served the induction of proliferation. The positive or
negative effect on cell proliferation after treatment of
leaves extracts might be correlated with high

concentration of isolated phenolic and flavonoid com-
pounds. While in the case of tubers extract, containing
the low content of these compounds, this behaviour
should be related with other substances isolated during
the UAE extraction. For this, the role of tuber extracts
from Helianthus tuberosus L. on cell proliferation re-
quire further and more specific investigation. Zhang et
al. [32] in their paper also showed on cell specific toxic
activity of Jerusalem artichoke extracts on human lung
cancer epithelial cell line (A549) and murine macro-
phage cell line (RAW 264.7). They exhibited, that A549
ability of cell growth was inhibited, when increased a
concentration of tubers extract. In addition, they did not
observe any toxic response to RAW 264.7 cell viability
at tested concentration. Another research found that ex-
tract from leaves of H. tuberosus showed cytotoxic activ-
ity against breast cancer cell line (MCF-7) and lung

Fig. 8 The effect of increasing concentrations ethanolic Helianthus tuberosus L. tubers extracts (25, 50, 100, 250, 500 μg·mL− 1) on the DCF fluorescence
in keratinocytes cells. Medium with 1mM hydrogen peroxide (H2O2) was used as a positive control. The data are expressed as the mean ± SD of three
independent experiments, each of which consisted of three replicates per treatment group

Fig. 9 Effects of 50 μg·mL− 1and 500 μg·mL− 1 ethanolic Helianthus tuberosus L. tubers and leaves extracts on SOD-1 and Nox-4 expression in
cultured fibroblast cells following 24 h of exposure. mRNA expression was normalized to GADPH. The plot is presented in a log2 scale, thus
positive values indicate overexpression while negative values indicate underexpression. The data are expressed as the mean ± SD of three
independent experiments, each of which consisted of three replicates per treatment group
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cancer cell lines (A549) [31]. Previous conducted studies
exhibited on cytotoxic potential of some compounds
present in tuber or leaves of Jerusalem artichoke. Re-
search conducted by Pan et al. (2009) indicate on two
cytotoxic agents isolated from a methanol extract of the
whole plant. Among all isolates only 4,15-isoatriplicolide
angelate and 4,15-isoatriplicolide methylacrylate were
found to be the most cytotoxic. These compounds are
germacranesesquiterpene lactones present only in the
leaves of H. tuberosus [15].
The possibility of Helianthus tuberosus L. extracts to

generate free radicals was evaluated using H2DCFDA
assay. During the time of incubation it was shown, that
both types of extracts can generate intracellular reactive
oxygen species in time- and dose-dependent manner.
The biological activity of tested extracts was also specific
to the used extract and cell model. When number of
intracellular reactive oxygen species increases, the cells
normally triggers its defence system or causes death via
apoptotic or necrotic mechanisms. The cellular response
to non-physiological level of ROS and oxidative stress
might also influence numerous processes including sig-
nalling pathways and gene expression regulation [34].
Using the real-time quantitative PCR technique, we ex-
amined impact of tested extracts on ability of expression
modulation of two important genes which were known
to be involved in oxidative stress. The SOD-1 gene en-
codes information about enzyme called superoxide dis-
mutase, which the main role is to attach to molecules of
copper and zinc to break down superoxide radicals [35].
Another tested gene was Nox-4, which encodes a mem-
ber of the NOX family enzymes, which works as the
catalytic subunit the NADPH oxidase complex. The pro-
teins encoded by this gene are responsible for catalyse

the reduction of molecular oxygen to different reactive
oxygen species [36].
Our results have a direct reflected in data obtained in

intracellular reactive oxygen species level detection
assay. It has been noticed as well tuber as leaves extracts
can induce the SOD-1 gene expression in BJ cell line.
There was no observed any differences between tested
groups and control in the Nox-4 gene expression. In
turn, in case of the HaCaT cells, leaves extracts down-
regulated SOD-1 expression and upregulated the expres-
sion of Nox-4. On the other hand, tuber extracts demon-
strated opposite effect, it upregulated SOD-1 gene
expression, whereas Nox-1 gene was down-regulated. It
suggest that our studies provides evidence, that leaves
extract in HaCaT cells is responsible for up-regulation
the expression levels of Nox-4, that is represent a mech-
anism for the increase of NADPH oxidase – mediated
ROS production by H. tuberosus L. leaves extract. While,
in fibroblast, no increased intracellular reactive oxygen
species was observed after treatment of tuber and leaves
extract, which may be the result of up-regulated expres-
sion of SOD-1 gene, which plays an essential role in oxi-
dative stress protection.

Conclusions
This study demonstrate that the leaves and tubers of
Jerusalem artichoke are rich source of phenolic and fla-
vonoid compounds. Leaves contain much higher con-
centration of those substances compare to the tubers. It
might correlate with its strong radical scavenging ability
obtained in our research. The radical scavenging was in-
creasing in a dose-dependent manner for both tested ex-
tracts. Further investigations showed that both extract,
dependent on used doses, can exhibit an induction or

Fig. 10 Effects of 50 μg·mL− 1 and 500 μg·mL− 1 of ethanolic Helianthus tuberosus L. tubers and leaves extracts on SOD-1 and Nox-4 expression in
cultured keratinocytes cells following 24 h of exposure. mRNA expression was normalized to GADPH. The plot is presented in a log2 scale, thus
positive values indicate overexpression while negative values indicate underexpression. The data are expressed as the mean ± SD of three
independent experiments, each of which consisted of three replicates per treatment group
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inhibition of cell proliferation. We also showed that
leaves and tubers extracts can generate intracellular re-
active oxygen species in time- and dose-dependent man-
ner. It was also noticed that both types of examined
extracts can modulate the SOD-1 and Nox-4 gene ex-
pression. The biological activity of tested extracts was
also specific to the used extract and cell model.
The high antioxidant capacity of Helianthus tuberosus

extracts may indicate its potential use as nutriceutics in
the treatment of diseases, which are closely related to
the excessive production of reactive oxygen species. Due
to widespread availability of Jerusalem architoke it may
be helpful in preventing various types of diseases.
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