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Objective: New raw materials are still being sought that could nurture the skin and protect it against var-
ious harmful factors, including free radicals responsible for ageing processes, cell mutagenesis and forma-
tion of cancerous lesions. Although the sweet potato (Ipomoea batatas (L.) Lam.) is not widely known as a
medicinal plant, the available study findings suggest its multidirectional, health relevant properties,
including anti-inflammatory, immunomodulatory, antimutagenic, and antimicrobial activities, as well
as anticancer potential. However, the data on its antitirosinase and protective effects on skin cells are
rather limited.
Methods: Our study evaluated the phenolic content, antioxidant, and antityrosinase activities, as well as
cytotoxic effects of the extracts obtained from three sweet potato cultivars ('Beauregard’, 'Purple’ and
'Carmen Rubin’) on two human cell lines - keratinocytes (HaCaT) and fibroblasts (BJ).
Results: The results evidenced that the cultivar characterized by the strongest antioxidant properties as
well as the positive effect on the vitality of skin cells is the ‘Beauregard’ cultivar. Our findings showed that
all three types of sweet potato extracts were tyrosinase inhibitors, yet their inhibitory capacities differed
significantly.
Conclusions: Sweet potatoes can be considered a reservoir of biologically active substances with benefi-
cial health properties.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Human skin is continuously exposed to numerous harmful
external factors, which lead to skin degenerative changes and
accelerate skin ageing (Zhang and Duan, 2018). In addition to wrin-
kles, loss of elasticity and dryness, the clinical manifestations of
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skin ageing include hyperpigmentation disorders, in which an
abnormal accumulation of melanin in the epidermis is an indicator
of sun damage (the Glogau classification). Melanin, the natural skin
pigment formed during complex biochemical changes in the mela-
nocytes, mediated by tyrosinase, not only affects skin pigmenta-
tion but also plays an important role in photoprotection (Solano,
2014; d’Ischia et al., 2015; Yamaguchi et al., 2007; Hennessy
et al., 2005). Melanin, located above the nuclei of keratinocytes,
absorbs and disperses the UV radiation, but is also capable of inter-
acting with reactive oxygen species (ROS), i.e. singlet oxygen,
hydroxyl radical and superoxide anion radical, which can be gener-
ated in photochemical reactions. Therefore, melanin reduces their
formation and protects the cells from damage to DNA, proteins,
and lipids. The above-mentioned properties of melanin are essen-
tial for preventing the formation of mutations and the develop-
ment of cancerous lesions, in particular basal cell carcinoma,
squamous cell carcinoma or melanoma. The skin is equipped with

1018-3647/© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2021.101532&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2021.101532
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:anna.kieltyka-dadasiewicz@up.lublin.pl
https://doi.org/10.1016/j.jksus.2021.101532
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com

B. Krochmal-Marczak, M. Zagérska-Dziok, M. Michalak et al.

natural anti-ROS defence mechanisms; however, in cases of exces-
sive ROS production, the skin is exposed to the effects of oxidative
stress (Masaki, 2010; Nichols and Katiyar, 2010). Free radical (FR)
reactions lead to skin lesions characterized by impairment of
defensive, regulatory, and regenerative mechanisms of the skin
(Wolfle et al., 2014; Jadoon et al., 2015). FRs cause skin damage
by destroying the lipid components of sebum, intercellular cement
ceramides of the stratum corneum, oxidation of polyunsaturated
fatty acids, cell membrane phospholipids, increased activity of
metalloproteinases (MMPs) responsible for collagen and elastin
degradation, as well as depolymerization of hyaluronic acid. Oxida-
tive stress induced by ROS generated in the skin under the influ-
ence of solar radiation, is considered the main pathological
mechanism causing damage to proteins of the extracellular matrix
(ECM) and leading to photomutagenesis of skin cells (Wolfle et al.,
2014; Pai et al., 2014).

Antioxidants play an important role in preventing and repairing
skin damage caused by FRs. In recent years, numerous studies have
focused on finding the antioxidants, including plant extracts as
well as secondary metabolites of plants, that would scavenge FRs
and support the defensive and regenerative mechanisms of the
skin (Nichols and Katiyar, 2010; Wélfle et al., 2014; Jadoon et al.,
2015; Pai et al., 2014). An example of such raw plant materials is
the sweet potato (Ipomoea batatas (L.) Lam., Convolvulaceae family),
whose tubers contain many beneficial phytochemicals, including
carotenoids, minerals (zinc, potassium, sodium, manganese, cal-
cium, magnesium, and iron), vitamins (vitamin A, B6, C, K), pheno-
lic acids, flavonoids, anthocyanin, terpenoids, tannins, saponins,
glycosides, alkaloids, and steroids (Sun et al.,, 2019; Krochmal-
Marczak et al., 2014; Ayeleso et al., 2016). Although the sweet
potato is not widely known as a medicinal plant, some studies have
demonstrated its beneficial effects on the prevention or treatment
of chronic diseases due to antioxidant, anti-inflammatory, antili-
pogenic, immunomodulatory, anticancer, antiulcer, and antimicro-
bial activities it exhibits (Tang et al., 2015; Ji et al., 2015; Li et al,,
2013; Sugata et al.,, 2015; Mbaeyi-Nwaoha and Emejulu, 2013;
Panda and Sonkamble, 2012). However, the studies on the potato
protective effect on the skin cells are scarce. The evaluation of
the chemical composition and bioactivity of extracts from different
potato varieties is essential to thoroughly investigate and use the
medicinal potential of this raw material. Such knowledge could
promote sweet potatoes in the pharmaceutical and cosmetic
industry, allowing to design new products containing sweet potato
tubers.

Therefore, the aim of the present study was to compare the pro-
tective effects of extracts from three sweet potato cultivars on cul-
tured skin cell lines in vitro. The extracts were obtained from
’Beauregard’ (B), 'Carmen Rubin’ (CR), and 'Purple’ (P), cultivated
in Poland under identical conditions. The effect of extracts on
exogenous FRs and the amount of FRs formed inside the skin cells
treated with these extracts were assessed. Moreover, the inhibiting
potential of tyrosinase was evaluated. The experiments were per-
formed on two human cell lines: keratinocytes (HaCaT) and fibrob-
lasts (BJ).

2. Materials and methods
2.1. Plant material

The plant material used in the study included tubers of three
cultivars of sweet potato: 'Beauregard’ (B), 'Purple’ (P) and 'Carmen
Rubin’ (CR). To eliminate the influence of the environmental condi-
tions of plant growth on the activity of extracts, tubers of all vari-
eties were obtained from our cultivation conducted under identical

conditions, in slightly acidic brown earth, in Zyznéw (49°49' N and
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21°50' E, Poland) in 2017. The fertilization was maintained on a
fixed level and the cultivation was carried out in accordance with
good agricultural practice.

2.2. Chemicals

2,2-diphenyl-1-picrylhydrazyl (Sigma-Aldrich, Poznan, Poland),
2',7'-dichlorodihydrofluorescein diacetate (Thermo Fisher Scien-
tific, Waltham, MA USA), acetic acid (>99%, Sigma-Aldrich, Poznan,
Poland), aluminum nitrate (Chempur, Piekary Slaskie, Poland),
antibiotics (Penicillin-Streptomycin, Life Technologies, Bleiswijk,
Netherlands), ascorbic acid (Sigma-Aldrich, Poznan, Poland),
dimethyl sulfoxide (>99.9% , Sigma-Aldrich, Poznan, Poland),
DMEM (Dulbecco’s Modification of Eagle’s Medium, Biological
Industries Israel Beit Haemek Ltd., Israel),ethyl alcohol (ethanol,
96%, Sigma-Aldrich, Poznan, Poland), FBS (Fetal Bovine Serum, Bio-
logical Industries, Genos, Lodz, Poland), Folin-Ciocalteu reagent
(Sigma-Aldrich, Poznan, Poland), gallic acid (Sigma-Aldrich, Poz-
nan, Poland), hydrogen peroxide solution (30%, Sigma-Aldrich, Poz-
nan, Poland), kojic acid (Sigma-Aldrich, Poznan, Poland), L-DOPA
(Sigma-Aldrich, Poznan, Poland), Neutral Red Solution (0.33%,
Sigma-Aldrich, Poznan, Poland), phosphate buffered saline (PBS,
pH 7.00 £ 0.05, ChemPur, Piekary Slaskie, Poland), potassium acet-
ate (Sigma-Aldrich, Poznan, Poland), resazurin sodium salt (Sigma-
Aldrich, Poznan, Poland), rutin (>95.0%, Sigma-Aldrich, Poznan,
Poland), quercetin (Sigma-Aldrich, Poznan, Poland), sodium car-
bonate (Sigma-Aldrich, Poznan, Poland), trypsin-EDTA solution
(Sigma-Aldrich, Poznan, Poland) and tyrosinase from mushroom
(Sigma-Aldrich, Poznan, Poland) were used as received.

2.3. Ultrasound-assisted extraction

The aqueous extracts from three sweet potato cultivars were
obtained using the ultrasound-assisted extraction (UAE) method.
UAE was performed according to Yang et al. (2009). Twenty grams
of tubers were packed to the glass beakers and extracted with
200 mL of deionized water. Initially, the extractions were carried
out at room temperature (about 22-24 °C) for 12 h at 500 rpm
using a magnetic stirrer (Chemland, MS-H-S, Stargard, Poland).
Subsequently, the mixture was homogenized for 50 min in an
ultrasonic cleaner (Sonic-3, Polsonic, Warsaw, Poland). The
obtained extracts were collected, filtered three times through
Whatman filter paper No. 10 using a vacuum pump (Aga Labor
154 PL2/2, Warsaw, Poland) and stored in the dark at 4 °C for fur-
ther analysis.

2.4. Total phenolic content determination

The total phenolic content (TPC) in extracts was determined by
the Folin-Ciocalteu method according to the procedure described
by Singleton et al. (1999) with modifications; 300 pL of the extract
(25-5000 pg/mL) and 1500 pL of 1:10 Folin-Ciocalteu reagent
were mixed. After 6 min of incubation, 1200 pL of sodium carbon-
ate (7.5%) was added. After 2 h, the absorbance was measured
spectrophotometrically at A = 740 nm using DR600 UV-Vis spec-
trophotometer (Hach Lange, Wroclaw, Poland).

2.5. Total flavonoid content determination

The total flavonoid content (TFC) of sweet potato extracts was
evaluated according to the procedure described by Woisky and Sal-
atino with modifications (Matejic et al., 2013); 600 pL of extract
solutions (25-5000 pg/mL) and 2400 pL of the mixture (80%
C,HsO0H, 10% AI(NO3); x 9 H,0 and 1 M C,H3KO,) were mixed.
After 40 min of incubation at room temperature, the absorbance



B. Krochmal-Marczak, M. Zagérska-Dziok, M. Michalak et al.

was measured spectrophotometrically at 415 nm using DR600 UV-
Vis spectrophotometer (Hach Lange, Wroclaw, Poland).

2.6. DPPH radical scavenging activity

The ability of study extracts to scavenge FRs was evaluated
using the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay according
to Brand-Williams et al. (1995); 167 puL of 4 mM ethanol solution
of DPPH was mixed with 33 pL of samples of different concentra-
tions (25-5000 pg/mL). Ascorbic acid, rutin and quercetin at a con-
centration of 100 pg/mL were used as positive controls. The
absorbance was measured at A = 516 nm every 5 min for 30 min
using a microplate reader (FilterMax F5 Molecular Devices, San
Jose,CA, USA). The DPPH solution mixed with an equal volume of
distilled water was used as a control. The percentage of DPPH rad-
ical scavenging was calculated using the following equation:

DPPH scavenging(%) = [(Abs control — —Abs sample)/Abs control]
x 100

2.7. Cell culture

The BJ cells (fibroblasts, ATCC®CRL-2522™) used in the study
were obtained from the American Type Culture Collection (Manas-
sas, VA 20108, USA). The HaCaT cells (normal human ker-
atinocytes) were purchased from CLS Cell Lines Service
(Germany). The cells were maintained in a Dulbecco’s Modified
Essential Medium (DMEM), Gibco) with L-glutamine, supple-
mented with 10% (v/v) FBS (foetal bovine serum, Gibco), and 1%
(v/v) antibiotic (100 U/ml Penicillin and 1000 pg/mL Streptomycin,
Gibco). The fibroblasts were maintained in modified minimal
essential medium (MEM) supplemented in the same way as
DMEM. The cultured cells were kept at 37 °C in a humidified atmo-
sphere of 95% air and 5% carbon dioxide (CO,).

2.8. Cell viability assay

The Neutral Red Uptake (NRU) assay (Sigma Aldrich) was used
to assess the viability of HaCaT and BJ cells. After 24 h of pre-
culture in 96-well plates, the medium was aspirated and different
concentrations (25-500 pg/mL) of extracts were added into each
well and cultured for another 24 h. The control group consisted
of unexposed cells. Following the exposure to sweet potato tuber
extracts, the cells were incubated for 2 h with a neutral red dye
(40 pg/mlL) dissolved in the serum-free medium and washed with
phosphate-buffered saline (PBS); subsequently, 150 pL of the Des-
tain solution (EtOH/AcCOOH/H,0,, 50%/1%/49%) was added per
well and gently shaken for 10 min, until the NR was extracted from
the cells and formed a homogenous solution. The NR uptake was
determined by measuring the optical density (OD) of the eluted
dye at 540 nm using a microplate reader (FilterMax F5 Molecular
Devices, San Jose,CA, USA). The experiments were performed in
triplicates and presented as the percentage of control values.

2.9. Detection of intracellular levels of ROS

The cells were seeded in 96-well plates at a density of 1 x 10%
cells per well and cultured for 24 h prior to the experiment. Then,
the culture medium was replaced with 10 uM 2’,7'-dichlorodihydro
fluorescein diacetate (H,DCFDA) (Sigma Aldrich) in the serum-free
medium. The cells were incubated with H,DCFDA for 45 min and
exposed to different concentrations of aqueous sweet potato 'Beau-
regard’ extract (25-500 pg/mL). The cells treated with 1 mM
hydrogen peroxide (H,0,) were used as a positive control. The
2',7'-dichlorofluorescein (DCF) fluorescence was measured every
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30 min for a total of 90 min at maximum excitation of 485 nm
and emission spectra of 530 nm using a microplate reader (Fil-
terMax F5 Molecular Devices, San Jose,CA, USA).

2.10. Inhibitory effects against tyrosinase

Phosphate buffer (pH 6.8) was added to each well containing
the extract solution diluted in DMSO (25-500 pg/mL), followed
by mushroom tyrosinase solution (450 U/mL). After each well
was mixed and pre-incubated at 25 °C for 10 min, L-DOPA was
added to the mixture and incubated for 20 min.

The ability of extracts obtained from sweet potato tubers to
inhibit tyrosinase enzyme activity was measured using the proce-
dure with L-DOPA as a substrate (Wang et al., 2011). Phosphate
buffer (pH 6.8) was added to each well containing the extract solu-
tion diluted in DMSO (25-500 pg/mL; then the mushroom tyrosi-
nase solution (450 U/mL) was also added. After each well was
mixed and pre-incubated at 25 °C for 10 min, L-DOPA was added
to the mixture and incubated for 20 min. The absorbance of each
well was measured at 492 nm using a microplate reader (FilterMax
F5 Molecular Devices, San Jose,CA, USA). Kojic acid was used as s
positive control. The experiments were performed in triplicates
for each concentration of sweet potato extracts. The inhibitory
effects of the test samples were expressed as the percentage of
tyrosinase inhibition as follows:

(A-B)—(

a
\
=

%tyrosineinhibition =

where:

A - optical density of the mixture without a test sample,

B - optical density of the mixture without a test sample and an
enzyme,

C - optical density of the mixture with a test sample and an
enzyme,

D - optical density of the mixture without an enzyme.

2.11. Statistical analysis

The values of parameters were expressed as the
mean * standard deviation (SD). The two-way analysis of variance
(ANOVA) and Bonferroni post-test were performed at p < 0.05 to
evaluate the significance of differences. Statistical analyses were
conducted using GraphPad Prism 5.0 (GraphPad Software, Inc.,
San Diego CA).

3. Results and discussion
3.1. Total phenolic and total flavonoid content

Plant polyphenols are bioactive compounds that have protec-
tive effects against oxidative stress-induced damage in the human
body. These secondary plant metabolites present a broad-spectrum
of health-promoting properties and play an important role in the
treatment and prevention of many diseases. The antioxidant prop-
erties of plants are attributed to the presence of phenolic com-
pounds (Hannan et al., 2016). Many studies have shown that a
high dietary content of fruits and vegetables is extremely beneficial
for human health and can delay the ageing processes. Moreover,
such a high content can reduce inflammation and oxidative stress,
which are closely related to the pathogenesis of many health con-
ditions, e.g., cancer, diabetes mellitus, cardiovascular diseases, and
neurological disorders (Aryaeian et al., 2017). The flavonoid com-
pounds are the most abundant and diverse group of phenolic com-
pounds present in plants. They act through the mechanism of
scavenging or chelating (Cook and Samman, 1996).
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Sweet potato tubers contain different bioactive substances,
including phenolic compounds, such as phenolic acids, flavonoids,
anthocyanins (Table 1) (Sun et al., 2019).

In the present study, the TPC and the TFC were determined
based on the calibration curves of gallic acid and quercetin (y = 0
.0046x + 0.0452, R2 = 0.9989; y = 0.0153x-0.0053, R2 = 0.9996,
respectively). The results showed that the extracts tested were
characterized by a high phenolic and flavonoid content. The high-
est content of flavonoids and phenolic compounds was found in
the B cultivar, i.e. 4.58 + 0.33 mg/g and 38.43 + 0.96 mg/g, respec-
tively. A slightly lower content was demonstrated in the P cultivar
while the smallest content was observed in the CR cultivar
(Table 2). The inter-cultivar differences in the content of biologi-
cally active compounds were also reported by other authors. Com-
parative analyses of cultivars with tubers of different colours
demonstrated the differences in the content of chemical com-
pounds and biological properties. According to Ju et al. (2017),
the purple sweet potato had the highest antioxidant content, as
compared to white or orange-fleshed potatoes, which was also
confirmed in our study. Moreover, the experiments carried out
on other plant extracts have evidenced that a high content of pig-
ments in the plant material affects its potent antioxidant proper-
ties (Bao et al., 2005). Padda and Picha (2007) and Ju et al. (2017)
have also demonstrated that the size of sweet potato tubers has
a huge impact on their properties. Smaller size tubers are found
to be a richer source of biologically active compounds. Further-
more, the content of biologically active compounds and antioxi-
dant properties of sweet potato are significantly affected by
genotype, growing conditions and geographical region (Ju et al.,
2017).

3.2. Free radical scavenging activity

Our study showed that the content of active compounds in the
analysed extracts was closely related to their antioxidant proper-
ties. The significant correlations observed by us support the
hypothesis of other authors that the phenolic concentration highly
contributes to the total antioxidant capacity of plant extracts
(Subramanya et al., 2015). In the present study, eight different con-
centrations (25-5000 pg/mL) of the tested extracts were evaluated
by the DPPH scavenging assay. The findings demonstrated that the

Table 1
Different types of phenolic compounds present in sweet potatoes (based on: Sun
et al,, 2019, 2018; Montilla et al., 2011; Li et al., 2019; Ayeleso et al., 2016).

Phenolic Example Function

compounds

flavonoids isoquercetin, isorhamnetin, - antioxidant capacity
hyperoside, catechin, - modulatory effects on the
epicatechin, rutin hydrate, immune system
luteolin - anti-inflammation, anti-

phenolic chlorogenic acid, mutation, anti-tumor,

acids isochlorogenic acid, antimicrobial, antifungal

cinammic, and activity
hydroxycinammic acids, - wound healing and
caffeic acid, quinic acid, antiulcer properties
syringic acid, cumaric acid, - reduced risks of cardio-
ferulic and trans-ferulic acid vascular disorders, dia-

anthocyanins cyanidin-3-sophoroside-5- betes, aged-related

glucoside, peonidin-3- macular degeneration
sophoroside-5-glucoside, and others
peonidin-3-feruloyl - - can serve as natural,
sophoroside-5-glucoside, safe and effective
peonidin-3-caffeoyl colorants

sophoroside-5-glucoside,
peonidin-3-caffeoyl-p-
hydroxy benzoyl
sophoroside-5-glucoside,
peonidin-3-caffeoyl-feruloyl
sophoroside-5-glucoside
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Table 2
Total phenolic content and total flavonoid content of aqueous UAE sweet potato
extracts.

Sweet potato Total phenolic content (mg/ Total flavonoid content

cultivars g GA = SD) (mg/g Qu £ SD)
'Beauregard’ 38.43 £ 0.96 4.58 £ 0.33
"Purple’ 26.14 £ 0.32 291 £ 0.21
‘Carmen Rubin’  14.37 £ 0.12 2.24 +0.29

Abbreviations: UAE, ultrasound-assisted extraction; GA, gallic acid; SD, standard
deviation; Qu, quercetin.

B cultivar was characterized by the strongest DPPH radical scav-
enging activity (up to 70%), followed by the P cultivar (over 60%).
Otherwise, the CR cultivar, in which the content of these com-
pounds was significantly lower, showed much weaker antioxidant
properties (DPPH radical scavenging activity up to 30%) (Fig. 1).
Furthermore, the results disclosed that the extract potency to
reduce DPPH was directly dependent on the concentration used.
The antioxidant properties increased with increasing concentra-
tions of extracts. In order to compare the obtained results with
the antioxidant activity of commonly known antioxidants, the
evaluation of DPPH radical scavenging was also carried out for
ascorbic acid, rutin and quercetin at a concentration of 100 npg/
mL. The percentage of DPPH radical inhibition by these compounds
was 78.2, 66.1 and 62.3%, respectively, which indicates that the
extracts tested in this study, especially the B and P cultivar, can
be perceived as strong antioxidants.

3.3. Effect of sweet potato extracts on skin cell viability

The biological activity of aqueous sweet potato extracts was
assessed using in vitro cell models of immortalized human ker-
atinocytes (HaCaT) and fibroblasts (B]). The cells were exposed to
various concentrations (25-500 pg/mL) of extracts. The cell viabil-
ity was evaluated using the neutral red uptake assay, based on the
ability of viable cells to incorporate and bind the neutral red in the
lysosomes (Repetto, Peso, & Zurita, 2008). Thanks to the quantifica-
tion of the dye retained within the lysosomes, the viability of ker-
atinocytes treated with sweet potato extracts was estimated. The B
cultivar extracts were found to show the highest ability to stimu-
late keratinocyte and fibroblast proliferation (Fig. 2).

The effect of the study extracts on the cell lines tested was
strictly dependent on their concentration. The most beneficial
effect was found in the extracts at a concentration of 100 pg/mL.
In the case of the B cultivar, this concentration resulted in a statis-
tically significant increase in the viability of cells by over 30%, as
compared to the control (untreated cells). The same concentration
of the P extract caused a slightly smaller proliferative effect; the
viability of cells increased by over 20% (Fig. 3).

Otherwise, the CR cultivar extract had no significant effect on
HaCaT cells. The concentration of 100 pg/mL caused only a slight
increase in cell viability while the remaining concentrations did
not statistically significantly affect HaCaT cells. In fibroblasts, the
CR extract resulted in a statistically significant increase in cell via-
bility in the concentration range of 25-250 ug/mL (Fig. 4).

All the extracts analyzed showed no statistically significant
toxic effects on human HaCaT and BJ cells within the range of con-
centrations applied (25-500 pug/mL). Considering a decrease in cell
viability observed at concentrations higher than 100 pg/mL, it can
be assumed that such concentrations may have toxic effects on
HacCarT cells.

3.4. Intracellular ROS levels in skin cells

The ability of Ipomoea batatas extracts to generate FRs was
assessed using H,DCFDA assay, which is widely used to determine
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Fig. 1. Kinetics of the absorbance changes in DPPH solutions in the presence of sweet potato tuber extract of (a) ‘Beauregard’, (b) ‘Purple’, (c) ‘Carmen Rubin’ cultivar (n = 3).
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Fig. 2. The effect of 'Beauregard’ cultivar extract on neutral red (NR) uptake. Data
are expressed as the mean * SD of 3 independent experiments, each consisting of 3
replicates per treatment group ****p < 0.0001, **= 0.0017 *p < 0.0145 versus the
control (100%).
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Fig. 3. The effect of 'Purple’ cultivar extract on neutral red (NR) uptake. Data are
expressed as the mean + SD of 3 independent experiments, each consisting of 3
replicates per treatment group. ****p < 0.0001, ***= 0.0002, **p < 0.0024 versus the
control (100%).
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Fig. 4. The effect of 'Carmen Rubin’ cultivar extract on neutral red (NR) uptake. Data
are expressed as the mean * SD of 3 independent experiments, each consisting of 3
replicates per treatment group. ****p < 0.0001,***= 0.0007, **p < 0.0049, *p = 0.0256
versus the control (100%).

intracellular ROS levels in skin cells (Dikalov and Harrison, 2014).
Prior to measurements in cell lines, potential effects of the sweet
potato extract without cells on the H,DCFDA fluorescence were

tested. Additionally, in another experiment we showed no interac-
tions between the sweet potato extract and H,DCFDA substrate in
the medium.

Moreover, during incubation the study extracts were demon-
strated to generate intracellular reactive oxygen species in a
time- and dose-dependent manner. The activity of extracts was
also specific to the cell model. HaCaT treated with the B extract dis-
closed a correlation between the dose and the level of intracellular
free reactive oxygen species. When HaCaT were treated with the
extract at a concentration of 25-100 ug/mL, the intracellular ROS
level decreased below the level observed in controls (cells unex-
posed to the extract). In a dose > 100 pg/mL, the production of
ROS was increasingly high. At the highest concentration used, the
amount of ROS was about 1.8-fold higher, as compared to the
untreated cells (Fig. 5).

Furthermore, the results of determinations of intracellular ROS
levels in fibroblasts treated with the study extracts were compara-
ble. The two highest concentrations of sweet potato extracts
increased the production of ROS. At the concentration of 500 pg/
mL, the level of intracellular reactive oxygen species was about
1.5 times higher, as compared to the unexposed cells (Fig. 6).

3.5. Tyrosinase inhibition

Nowadays, pigmentation disorders are extremely common and
affect many people. They are difficult to treat; hence the ongoing
search for natural, safe, and effective skin lightening agents
(Halder and Richards, 2004). The use of tyrosinase inhibitors to
regulate melanogenesis is an important strategy to treat skin disor-
ders associated with abnormal skin pigmentation. The inhibition of
this enzyme is relevant because it catalyses the two initial sequen-
tial oxidations of L-tyrosine in melanin biosynthesis (Bang et al.,
2018). The melanin-related disorders include lentigines, melasma
and post-inflammatory hyperpigmentation. To obtain new,
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Fig. 5. The effect of 'Beauregard’ cultivar extract on the DCF fluorescence in HaCaT
cells. The data are expressed as the mean * SD of 3 independent experiments, each
consisting of 3 replicates per treatment group.
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Fig. 6. The effect of 'Beauregard’ cultivar extract on the DCF fluorescence in
fibroblasts. The data are expressed as the mean * SD of 3 independent experiments,
each consisting of 3 replicates per treatment group.

efficient tyrosinase inhibitors, different types of compounds from
natural sources have been intensively studied. An important issue
is to find the depigmenting agents that could be an essential con-
stituent of pharmaceutical and cosmetic products used to treat the
discoloration process (Kim and Uyama, 2005). In the available
studies, kojic acid was used as a positive control due to its well-
documented tyrosinase inhibitory capacity. It is the most thor-
oughly studied naturally occurring tyrosinase inhibitor currently
used as a skin-whitening agent (Hashemi and Emami, 2015). In
the present study, the anti-tyrosinase activities of extracts were
examined. To our knowledge this is the first report assessing the
tyrosinase inhibitory activity of sweet potato. Our findings showed
that all three types of sweet potato extracts were tyrosinase inhi-
bitors, yet their inhibitory capacities differed significantly. The per-
centage of inhibition ranged from 10.8 to 35.5%, depending on the
type of extract (Fig. 7).

3.6. Comparative assessment of sweet potato cultivars

Consistently with other studies assessing antioxidant properties
and effects of extracts on skin cells, our findings demonstrated that
the B cultivar extract was the one most effectively inhibiting
tyrosinase, which suggests that extracts from Ipomoea batatas
can be used as skin-whitening agents. Moreover, the B cultivar
was characterized by the highest antioxidant properties and the
most positive effects on cell vitality. The scavenging activity and
reducing power of DPPH were positively correlated with the flavo-
noid and phenolic content, which was also observed by other
authors (Padda and Picha, 2007; Ji et al., 2015; Karna et al., 2011;
Sun et al., 2019). In our study, the extracts obtained from cultivars
with a higher content of biologically active compounds were char-
acterized by a greater ability to scavenge FRs and stimulate the
proliferation of healthy in vitro skin cells. Bao et al. (2005) have
demonstrated that highly pigmented plant cultivars are richer in
antioxidant compounds, which was also observed in our determi-
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Fig. 7. Inhibition of tyrosinase by extracts from three sweet potato cultivars. Values
are the mean of 3 replicate determinations (n = 3) + SD.
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nations. Our findings suggest that besides some obvious benefits
associated with the consumption of various sweet potato cultivars,
which are a valuable source of many biologically active com-
pounds, these plants can also have a positive effect on skin cells.
Their consumption can also be part of chemo-preventive activities
that protect the body against the development of various types of
cancer. Other authors have demonstrated the inhibitory effect of
sweet potato extracts on the viability of prostate cancer cells,
which might suggest its potential use as a plant with anticancer
activity (Karna et al., 2011). The antitumor effect of sweet potato
protein has also been shown by Li et al. (2013) in their study on
human colon cancer cells. The abovementioned research and its
results clearly indicate that sweet potatoes should be further
investigated, as they seem to be very promising raw materials of
natural origin. Although numerous studies have been focused on
the positive effect of their consumption, further research is needed
regarding their possible wider applications outside the food indus-
try. Availability and relatively low price of the raw materials in
question, as compared to some raw materials commonly used in
the pharmaceutical and cosmetic industry, are likely to increase
interest of skin care manufacturers.

4. Conclusions

Based on the above-mentioned literature reports and the results
of our experiments, sweet potatoes can be considered a reservoir of
biologically active substances with beneficial health properties.
Due to increasingly growing interest in skin care, new raw materi-
als, being valuable sources of active substances are being searched
for to be used in preparations designed for care and treatment of
various skin conditions. The present study highlights the differ-
ences in the biological activity of extracts from various varieties
of Ipomoea batatas. The results suggest that extracts from sweet
potato tubers may positively affect the in vitro skin cells and pro-
tect them against free radicals. The inhibitory effects of extracts
on tyrosine expression observed in our study suggest that they
may be useful as effective ingredients of low skin toxicity prevent-
ing hyperpigmentation changes. Moreover, new natural com-
pounds and resources that can have beneficial effects on the skin
can limit the use of some common synthetic compounds that are
often associated with numerous side effects. Our research on three
sweet potato cultivars seems to be useful as the sweet potato is
now considered a rich source of valuable chemical compounds,
particularly in the food industry.
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