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Abstract

There is a growing market demand for the incorporation of plant-derived ingredients in
new products for the cosmetic industry. Anthocyanins are polyphenols arising from
plant secondary metabolism that have been shown to display many bioactive properties
such as free radical scavenging, antimicrobial, and chemopreventive activities. In this
work, the biological activities of red wine and blackberry anthocyanins were assessed
by developing a new keratinocyte barrier model using HaCat cell line and a
microelectrode-based biosensor device, referred to as Electric Cell-Substrate Impedance
Sensing (ECIS). Cells were seeded at the optimal cellular density of 1.6 x 10° cells/mL
and the half-time was calculated to be 3.55 &+ 0.67 hours. Compounds’ cytotoxicity was
assessed and anthocyanin pigments showed no cytotoxicity towards keratinocyte cells.
Wound healing assays were also performed using ECIS and it was observed that the
tested pigments enhanced the healing rate of keratinocyte cells by reducing the healing
time more than 50 %. Cyanidin-3-glucoside presented the best results recovering 50 %
of the injured area in 1.48 (£ 0.15) hours, followed by the blackberry anthocyanins (2.01
+ 0.18 hours), malvidin-3-glucoside (2.03 = 0.09 hours) and red wine anthocyanins
(2.36 = 0.76 hours). All presented significant differences from the control 4.91 (£ 1.11)

hours.

Abbreviations

Dp3glc: delphinidin-3-O-glucoside; Pt3glc: petunidin-3-O-glucoside; Pn3glc: peonidin-
3-O-glucoside; Mv3glc: malvidin-3-O-glucoside; Cy3glc: Cyanidin-3-O-glucoside;
Cy3rut:  Cyanidin-3-rutinoside, = Cy3dioxaglc:  Cyanidin-3-dioxaloyl-glucoside,
Cy3manglc: Cyanidin-3-malonyl-glucoside.

1. Introduction
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68 Plant metabolites are gaining popularity as cosmetic ingredients for being natural
69 compounds and possessing many biological activities '. Phenolic compounds are
70  secondary plant metabolites, produced in response to several stimuli, such as ultraviolet
71  radiation, wounding and infections. These phenolic compounds could be applied in
72 skincare products, to prevent external skin damage. Among those are anthocyanins,
73 phenolic compounds belonging to the flavonoid subclass, and responsible for the cyanic
74 colours of most fruits and flowers of angiosperms. They have been shown capable of
75  inhibiting tumor growth and reducing inflammation, but also to have antimicrobial,
76  metal-chelating and free radical scavenging activities > °. They are usually used in the
77 food industry * as natural colorants and antioxidants, but their ability to prevent
78  oxidative damages make them potential novel compounds for cosmetic formulations, as
79  they may prevent skin diseases and premature aging’.

80 Skin is the largest and most important protective barrier that blocks the entry of
81  foreign pathogens into the body. At the same time, it protects internal organs from
82  mechanical and UV irradiation damages, and it also helps in the regulation of body

83  temperature and in the loss of fluids °

. As skin is the first barrier against external
84  assaults, it is more susceptible to the occurrence of wounds. Wound healing is a
85  complex process composed of four phases involving self-repair of tissue after various
86 injuries '. When a wound is formed, keratinocytes and fibroblasts migrate and
87  proliferate to the wounding site 6, Gap closure is observed microscopically over time as

88  cells move and proliferate to fill the damage area and so, wound-healing assays, such as

Published on 14 September 2017. Downloaded by University of Newcastle on 14/09/2017 11:08:34.

89 the scratch assay, the cell-exclusion zone assay and others, have been used to estimate
90  migration and proliferation rates '. However, these are usually non-reproducible and
91  time-consuming assays.
92 This phenomenon can then be monitored in real-time using the electric cell-substrate
93 impedance sensing (ECIS) technique, which relates the changes in impedance
94  measurements with cellular behaviour ®. The ECIS device monitors the impedance of
95 small gold-coated electrodes used as support for cells in culture and can be used to
96  detect subtle changes in the cell-matrix interaction ®. This device was first used by
97  Giaever and Keese in 1991 ° and since then several users have been able to explore its
98  versatility in studying different cellular phenomena such as the cell attachment and
99  spreading '°, cell motility '!, barrier function of cell layers '?, and in vitro toxicology '*~
100  "°. A commonly used assay for cytotoxicity using this system takes the time course of

101 overall impedance of a cell-covered electrode after the addition of compounds and
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estimates the half-inhibition concentration °. However, the small fluctuations in
impedance, normally associated with living cells, can be measured and analysed to
understand the effect of compounds on cellular motion .

Wound-healing assays in ECIS are performed by applying a high electrical current to
a confluent cell monolayer, creating an empty space on the surface of the electrode. The
healing process is then monitored continuously, measuring impedance over time. These
measures reflect the migration and proliferation of cells from the microelectrode
surroundings to its surface '°.

Bearing this, in this work, the optimization of a new keratinocyte monolayer model
using a microelectrode-based biosensor device, ECIS, is described and the effect of

anthocyanins on wound healing process is explored.

2. MATERIALS AND METHODS

2.1 Reagents

Fetal bovine serum (FBS), 0.25 % trypsin-EDTA, trypan blue, PBS, pyruvic acid,
sulforhodamine B (SRB), tris-HCI, and antibiotic/antimycotic solution (100 x), DMEM-
F12 and RPMI media were purchased from Sigma-Aldrich (Madrid, Spain). Acetic
glacial acid and dimethyl sulfoxide (DMSO) were purchased from Fluka (Madrid,
Spain). Trichloacetic acid (TCA) was purchased from Merck (Darmstadt, Germany).
Tissue culture supports were supplied by TPP (Trasadingen, Switzerland).

2.2 Anthocyanin Extraction and Purification

Anthocyanins were extracted from wine and blackberries. The preparation of wine
anthocyanins extract was performed as described elsewhere with minor changes '’. Red
wine anthocyanin rich extract was obtained from the concentration of 50 litres of red
wine in a nanofiltration system followed by the evaporation of ethanol. Sugars were
removed by C18 reverse gel column chromatography. This crude extract was freeze-
dried. An extraction with ethyl acetate was performed to remove non-anthocyanin
organic compounds from 5 g of the lipophilized red wine. The aqueous layer was then
applied in a Biichner funnel loaded with C18 reverse gel and the anthocyanin 3-
monoglucosides were eluted with 30 % methanol acidified with HCI 0.01 %. Methanol
was removed by evaporation. The aqueous phase was concentrated and freeze-dried.

For the purification of malvidin-3-glucoside, 20 mg of the red wine anthocyanin extract
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135  was applied to a C18 reverse gel column and Mv3glc was eluted with 20 % methanol
136  acidified with HC1 0.01 %.

137 An extract rich in anthocyanins from blackberry was obtained from 1 kg of fresh
138  blackberries. Extraction was performed with 5 litres of 50 % methanol acidified with
139 HCI 0.01 % for 2 hours, after which solvent was changed for new one and extraction
140  was allowed for more 24 hours. Methanol was evaporated and the aqueous phase was
141  applied to a Biichner funnel loaded with C18 reverse gel to remove sugars. Elution of
142  total anthocyanins was done with 50 % methanol acidified with HCI 0.01 %. For the
143  purification of Cy3glc, the same process was followed, but elution form C18 reverse gel

144  was performed with 10 % methanol for isolation of Cy3glc.

145
146 2.3 HPLC
147 Anthocyanins from wine and blackberry extracts were analysed as described

148  elsewhere ! 1?

. Purity degree of the isolated Mv3glc and Cy3glc were estimated by
149  injection on Elite Lachrom system (L-2130) equipped with a reversed-phase C18
150  (Merck, Darmstadt) (250 x 4.6 mm i.d.). Solvents were (A) water/formic acid 9:1 (v:v)
151  and (B) acetonitrile, with the following gradient: 10-35 % B over 50 min at a flow rate

152  of 0.5 mL/min.

153
154 2.4 Cell Culture
155 An aneuploid immortal keratinocyte cell line from adult human skin, HaCat, was

Published on 14 September 2017. Downloaded by University of Newcastle on 14/09/2017 11:08:34.

156  grown as a monolayer from passage number 35 to 55. For routine maintenance, cells
157  were cultured in 25 cm® monolayer in DMEM-F12 or RPMI (Sigma, Madrid, Spain)
158  medium supplemented with 10% heat-inactivated FBS and 1% antibiotic/antimycotic
159  solution (100 units mL™" of penicillin, 100 pg mL™" of streptomycin and 0.25 pg mL™ of
160  amphotericin B) at 37 °C in a humified atmosphere with 5% CO,. Cells were harvested
161 by trypsinization (0.25% (w/v) trypsin-EDTA4Na) twice a week.

162
163 2.5 Sulforhodamine B Assay
164 The effect of anthocyanin extracts and their major isolated anthocyanins on the

165  growth of the human keratinocyte cell line (HaCat) was assessed according to the
166  procedure adopted by the US National Cancer Institute in the ‘ ‘In vitro Anticancer Drug
167  Discovery Screen’’ that uses the protein-binding dye SRB to assess cell growth. HaCat

168  cells were first grown into 96-well plates at a cellular density of 1.5 x 10° cell/mL in
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RPMI (Sigma, St. Louis, MO) medium and allowed to grow for 24 hours. Thereafter,
cells were incubated with a five-serial concentration of the extracts/compounds (6.3,
12.5, 25, 50 and 100 uM), for 48 hours, with a maximal solvent concentration (DMSO)
of 0.05%. TCA (50% solution) was then added and after 1h at 4°C, the plates were
washed four times with deionized water and allowed to dry overnight. The wells were
then stained with 0.4% solution of SRB for 30 min in the dark. The excess of staining
solution was washed out with 1% acetic acid. The bound stain was solubilized with tris-
buffer (10 mM, pH 8.0) and absorbance was measured at 492 nm in a microplate reader
(Powerwave XS, Bio-Tek Instruments Inc.). Cytotoxicity was determined as percent

survival, calculated by the number of treated (7) over the control (C) cells X 100% (%
7/C).

2.6 Electric Cell-Substrate Impedance Sensing (ECIS) Assay

A commercial ECIS system (Applied Biophysics, Troy, NY, USA) was employed to
measure the impedance associated with the proliferation of human keratinocyte cells.
The ECIS system can simultaneously measure cell resistance and capacitance during
cell culture. SW1E sensing chips consisting of eight separate wells which were 1 cm in
height and 0.8 cm” cm in bottom area were used. One detecting electrode of 250 pm in
diameter is deposited on the bottom of each well and connected in series to a 1 MQ
resistor, an AC signal generator and a large gold counter electrode. Since the AC signal
amplitude is set to 1 V, it results in a current source with the amplitude of 1 pA. The in-
phase voltage was proportional to the resistance and the out-of-phase voltage was

proportional to the capacitive reactance.

2.6.1 Keratinocyte Monolayer Model Optimization Using ECIS

A pre-treatment of the electrodes was performed as described in literature *. 8WIE
PET electrodes were used as they are ideal for wound healing assays. They were first
treated with 10 mM L-cysteine solution for 15 min, for cleaning and to improve well-to-
well reproducibility and signal-to-noise ration Wells were washed 3 times with sterile
ultrapure water and incubated with 1% gelatin solution for 30 min. After washing, 500
pL of DMEM-F12 medium were added to each well to check resistance and capacitance
basal values. If the cleaning process was successful (basal resistance values around
2000 Q and capacitance around 5 nF), cells were inoculated at two different cellular

densities (1.6 x 10° or 1.6 x 10° cells/mL) with DMEM-F12, in a final volume of 500


http://dx.doi.org/10.1039/c7fo01239j

Page 7 of 23 Food & Function
View Article Online
DOI: 10.1039/C7FO01239]

203  pL. Cells were allowed to attach to the electrodes outside the incubator for 30 min.
204  After 24 hours in culture, the confluency and viability of the cell monolayer was
205  confirmed by light microscopy and electrically by impedance measurements. Half or
206  total medium was renewed 20 h after inoculation and cells were allowed to adapt for 4
207  hours. Thereafter, 250 uL of compound solutions were applied to each well at a final
208  concentration of 20 uM and the arrays were incubated for 24 hours. A positive control
209  with DMSO was performed to validate cytotoxicity assays. DMSO was the solvent in
210 which stock solutions were prepared. 4 replicates were made for each DMSO
211 concentration (0.05%, 1%, 5% and 10%). The electrical impedance of each well was
212 measured every 2 min and up to 16 individual wells were followed successively.

213 Cytotoxicity was assessed by taking impedance measures and applying the
214  mathematical model developed by Giaever and Keese °. It can be used to calculate
215  morphological parameters, as the barrier function of the cell layer, the spacing between
216  the ventral side of the cell and the substratum, and the cell membrane capacitance. Cell
217  micromotion analysis was also performed as a measure of cytotoxicity. Impedance data
218  were taken every second until 2048 points were acquired for each well, in sequence.
219  Noise data was normalized and analysed by means of FFT transform, variance (the

220  square of the standard deviation) and the variance of increments as previously described

Published on 14 September 2017. Downloaded by University of Newcastle on 14/09/2017 11:08:34.

221 '

222

223 2.6.2 ECIS Wound Assay

224 Wound-healing assays were performed after incubation of HaCat cells with

225  compounds for 24 hours. Wounding was performed by applying an AC current of 2400
226 pA, 60 kHz for 60 s, killing the cells on the surface of the electrode which resulted in an
227  abrupt drop in impedance to values like those of a cell-free electrode. Healing process

228  was monitored continuously as cells migrated and proliferated onto the electrode.

229
230 2.7 Stastical Analysis
231 Statistical significance of the difference between various groups was evaluated by

232 one-way analysis of variance (ANOVA), followed by the Bonferroni test. Differences
233 were statistically significant when *p < 0.05 vs control.

234

235 3. RESULTS AND DISCUSSION
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The red wine anthocyanin rich extract was analysed and confirmed that malvidin-3-
glucoside (4, Mv3glc) represents the main anthocyanin present (Figure 1.A). The other
minor peaks correspond to the following anthocyanins: 1, delphinidin-3-glucoside
(Dp3glc), 2, petunidin-3-glucoside (Pt3glc), 3, peonidin-3-glucoside (Pn3glc) (Figure
I.A). The blackberry anthocyanin rich extract was analysed and four anthocyanins were
identified: 5, cyanidin-3-glucoside (Cy3glc), 6, cyanidin-3-rutinoside (Cy3rut), 7,
cyanidin-3-dioxaloyl-glucoside (Cy3dioxaglc), and 8, cyanidin-3-malonyl-glucoside
(Cy3manglc) (Figure 1.B). Purification of Mv3glc and Cy3glc from each extract was
evaluated by HPLC and a degree of purity of 85.44 % and of 98.30 %, respectively, was
estimated (Figure [.C and D).

3.1 Cytotoxic Effect of Anthocyanins Towards Keratinocytes

3.1.1 Traditional Method

The effect of anthocyanin extracts (red wine and blackberry extract) and of their
major anthocyanins (Mv3glc and Cy3glc, respectively) on keratinocytes cytotoxicity
was assayed by traditional and real-time impedance methods.

Briefly, in the colorimetric assay human keratinocytes were exposed to a serial range
of concentrations (from 6.25 to 100.0 uM) of each compound or extract, for 48 h during
the log phase (Figure II). These extracts and their major pigments showed no
cytotoxicity up to the highest concentration of 100.0 uM, except for blackberry
anthocyanin extract that presented significant differences from control for the maximal
concentration tested. Inhibition rate was of approximately 27 % and this may be caused
by the presence of other cyanidin derivatives that may influence proliferation for this
cell line. On the other hand, it is possible that this antiproliferative activity may be a
result of a synergistic effect between the species present in the extract. Considering the
possible application of these compounds in cosmetic formulations, the following tests
were performed at the concentration of 20 uM quite bellow the maximal concentration
used of an active compound in formulations (< 1 %). An example of this is reported for
grape fruit extract in the literature °, stating that for most products a concentration of 0.4
to 0.5 % is usually used. It should be further noticed that these are all in vitro assays
with a single type cells monolayer. Assays exploring the effect of compounds in more
complex skin systems may probably need greater concentrations to be used. Bearing

this, the concentration of 20 uM was validated for the following studies, as all tested
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270 compounds showed no antiproliferative effect on keratinocytes at this concentrations,

271 which validates the execution of wound-healing assays.

272
273 3.1.2 Real-Time Cellular Impedance Method
274 For the real-time method, a model for keratinocyte cells monolayer was optimized

275  using ECIS, studying the effect of cellular density at inoculation time. Figure III shows
276  the resistive portion of impedance normalized to its value at the start of each run, at 4
277 kHz, for the two cellular densities tested: 1.6 x 10° or 1.6 x 10° cells/mL. As the cell
278  attach and spread on the surface of the electrode, resistance increases, as the passage of
279  current at this frequency is constrained by the insulating membranes of the cells.
280 However, there is a significant difference between the two different densities. While
281 cells inoculated at 1.6 X 10° cells/mL take up more than 50 hours to reach confluency
282  and with no reproducibility amongst wells, when HaCat cells are inoculated at 1.6 X 10°
283  cells/mL, the time at which the confluent monolayer is established is shortened to 10
284  hours (Figure IIILA and B) and all wells present a similar behaviour. When confluency
285  is reached, resistance fluctuates slightly with time, due to the micro-movements in the
286  cell monolayer, considered to be an indicative of living cells.

287 The time course of the measured capacitance gives further insight to the attachment
288  and spreading of cells into the microelectrode. To characterize the spreading of HaCat
289  cells on the electrodes, coated with 1% gelatin, two different measures were calculated

290 from the time courses: the ti,, which is the time necessary to produce a half-maximum

Published on 14 September 2017. Downloaded by University of Newcastle on 14/09/2017 11:08:34.

291  drop in capacitance, corresponding to the time cells need to spread out on half of the
292  electrode area; and the average slope of the capacitance shift between 1 and 6 nF, by
293  means of linear regression, which corresponds to the rate of spreading. These measures
294  are shown in figure IV (graphical exemplification of one well) and were calculated from
295 8 independent wells inoculated with 1.6 x 10° cells/mL. The half time was calculated to
296  be approximately 3.55 £+ 0.67 hours, and the rate of spreading, in these conditions, to be
297  0f0.44 + 0.03 nF per hour.

298 A control was performed with several concentrations of DMSO (0.01-10 %) to
299  validate cytotoxicity assays performed using ECIS. DMSO was chosen since it is the
300 solvent in which all the stock solutions were prepared and because different studies
301 report DMSO cytotoxicity towards different cell lines '**°.

302 The effect of 4 different DMSO concentrations on the overall resistance of the HaCat

303 cell monolayer was monitored for 24 h. Sixteen electrodes were followed one after


http://dx.doi.org/10.1039/c7fo01239j

Published on 14 September 2017. Downloaded by University of Newcastle on 14/09/2017 11:08:34.

304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337

Food & Function

Page 10 of 23

View Article Online
DOI: 10.1039/C7FO01239J

another with each well’s data point requiring a few seconds. Data is presented as the
measured resistance normalized to its value at the beginning of each run (Figure V). A
drastic drop of resistance is observed almost immediately for the concentrations of 5
and 10 %. The concentrations of 0.01 % and 1 % seem to have no significant effect on
resistance. To further understand DMSO cytotoxicity, two strategies were employed.
Frequency scan measurements were taken after 24 h exposure to the three different
DMSO concentrations tested and to analyse the differences in resistance curves, values
were normalized by dividing the values of cell covered electrodes by those of a cell-free
electrode, as explored in the literature ' (Figure V). A peak is observed at 4 kHz for the
control, which was expected for cell-covered electrode, as explored in the literature
and experimentally explored (data not shown). This peak in normalized resistance
seems to be maintained for 0.01 and 1 % and disappears with the increasing
concentration of DMSO, demonstrating that for these concentrations resistance values
converge to those of a cell-free electrode (Figure VI).

Further, data was modelled as described elsewhere °, which allowed the calculation
of Ry and o parameters, measures of cell-cell and cell-matrix interactions, respectively
and Cm, a measure of cell membrane integrity. The results are presented in Table I.
Notice that the fitting could only be applied to data from the control wells and up to 1 %
DMSO, once the two other concentrations of DMSO caused damage to the cell
monolayer and, so, the model cannot be used when cells are not confluent. There is no
significant difference between the values of Rb, o and Cm, as statistically analysed by
one-way ANOVA, followed Bonferroni test, which indicates that up to 1% DMSO there
is no damage to the monolayer function, neither to the interactions between cells and the
gelatin matrix or even to the integrity of the cellular membrane.

After analysing the results for the positive control, cytotoxicity assays were
performed for the anthocyanin extracts and their major purified pigments (final DMSO
concentration = 0.01 %). Figure VII represents an example of data obtained during these
experiments as a typical graph of resistance normalized to its value exactly before
compound addition vs time. Incubation was carried over 24 h and compounds seem to
have no effect on resistance values over time. Thereafter, and to further understand the
effect of anthocyanins on HaCat cells integrity, data was modelled as before for the
positive control. Rb, a and Cm parameters were calculated with ECIS software and are
presented on Table II. There were no statistical differences observed for any of the

compounds at the tested concentration (20 pM). This complemented the results obtained
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338  with the SRB assay, stating that red wine and blackberry anthocyanin extract, as well as
339  their major anthocyanins (Mv3glc and Cy3glc) showed no effect on HaCat cell
340  proliferation, up to 100 uM.

341 It is of notice that the values obtained for these parameters were not similar to the
342 literature 2! for this cell line. The values of Rb and o were around 2.40, while the
343 literature states Rb value to be around 1.2 Q cm? and a of around 5 Q%°cm. Finally, Cy,
344  is described to be of 2 pF/cm?® and, in the conditions applied in these studies, it was
345  calculated to be of 2.80 pF/cm?® approximately. This may be due to the different
346  conditions used prior to cell seeding, once we cover the electrodes with gelatin before
347  seeding and let grow for 24 hours and then incubated with medium or compounds for
348  more 24 hours. In the literature, parameters were calculated 12 hours after cells reached
349  confluence. These modifications may contribute to the differences observed in the data

350 obtained for the three parameters.

351
352 3.1.3 The effect of anthocyanins on micromotion
353 To better understand the effect of anthocyanins on keratinocytes, micromotion

354  measurements were performed on HaCat cell monolayer, 24 h after exposure to the
355  compounds, when the cultures did not exhibit a large fluctuation in the measured
356 impedance, but presented a sort of noise that could be analysed if measures were taken
357 faster. The measurements were then taken at 4 kHz AC signal and the fluctuations in the

358  resistance were analysed first by plotting resistance data normalized to the average

Published on 14 September 2017. Downloaded by University of Newcastle on 14/09/2017 11:08:34.

359  resistance for the whole period (Figure VIII). In this case, neither the anthocyanin
360  extracts nor the purified compounds showed a drastic deviation from control wells.

361 Furthermore, these fluctuations were mathematically analysed using three numerical
362 methods: the fast Fourier transform (FFT), variance and variance of increment ' .
363  Results are shown in Table III and expressed as a single number as the average
364  resistance for the whole period of 2048-s, the slope of the log-log plot of power
365  spectrum, the variance for the 32-point intervals (Var32) and the variance of increments
366  for the 32-point sampling intervals (Voi32) of the normalized 2048-s data set. The
367 power slope was estimated with the least-square straight-line fit of power at the lowest
368 100 frequencies (excluding the first and the last). The Var32 was obtained by
369 calculating the statistical variance for each 32-point segment of the 2048-point data and

370 then taking the average of these 64 points. The Voi32 was calculated as the variance of

371  the increments between the 32-point sampling intervals, considering that the data was
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sampled every 32 s, and then taking the 64 data points and calculating the 63
increments.

Taking all the calculated parameters, it is possible to conclude that anthocyanin
extracts and the isolated compounds showed no cytotoxicity for HaCat cells. There was
no statistical evidence that the tested pigments compromise the micromovements of a
keratinocyte monolayer, which complements the data obtained from the modelling of
impedance values, where no difference was observed for all three parameters. This is
relevant for the validation of compound usage in formulations, once it is desirable that
the compounds present no cytotoxicity towards skin cells, and further validating the

implementation of assays testing the potential beneficial activities of the compounds.

3.2 Wound Healing Assay

Wound-healing assays are of importance when considering skin-care, because the
skin is the primary barrier towards any external assault such as mechanical wounding.
ECIS was used to evaluate the effect of anthocyanins in healing process of a damaged
keratinocyte monolayer. This system has a great advantage when compared to
traditional wound assays such as the scratch assay. As wounding is through an electrical
signal, the assay is reproducible because the wound is always performed in the exact
same way. On the other hand, the healing progress is monitored in real-time and results
can be easily evaluated either by resistance or capacitance measures.

The electrical wound was applied after pre-incubation with compounds for 24 h
using an higher frequency (60000 Hz) and current (2400 pA) capable of wounding the
cell monolayer, and resulting in an abrupt drop in impedance to values like those of a
free-cell well. Thereafter, cells around the microelectrode started to migrate and
proliferate from the surroundings towards the microelectrode surface. Figure IX.A
shows the data for the resistive part of impedance versus time, in this graph it is clear
the positive influence of anthocyanin rich extracts and their major anthocyanins in
wound recovery. Indeed, the time cells take to migrate and proliferate is shortened when
in the presence of anthocyanins. This behaviour was quantified as the difference in
resistance at different times after wounding (Figure [X.B). Significant differences were
found 5 hours after the electrical wound, for the Cy3glc and blackberry anthocyanin
extract. In the case of Mv3glc, there is also a significant difference in resistance for

Mv3glc, 10 hours after. After this time, resistance values from compounds and extracts
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405 reach a plateau, and the same happens with control, meaning that, at 15 hours after
406  wounding, all wells are confluent again and monolayer function is restored.

407 On the other hand, recovery from wounding can also be analysed considering the
408  capacitive part of impedance. Figure X. A represents these measures over time where it
409  is possible to observe the positive effect of compounds in the wound recovery. The time
410 at 50 % recovery was calculated from this representation modelling the values of
411  capacitance as a % of the initial values immediately after the wound. Significant
412 statistical differences were found for both extracts and their major isolated anthocyanins
413  as shown in Figure X.B. While control wells take 4.91 (£ 1.11) hours to recover 50 % of
414  the damage, Cy3glc showed the best results, taking up to 1.48 (£ 0.15) hours, followed
415 by blackberry extract with 2.01 (£ 0.18) hours. On the other hand, cells recover 50 % of
416  the injury in 2.03 (= 0.09) hours with Mv3glc and 2.36 (= 0.76) when exposed to red
417  wine anthocyanin extract. These results indicate that anthocyanins interfere with wound
418  recovery in a keratinocyte cell monolayer, which may indicate that these polyphenols
419 may positively modulate the cicatrisation of skin. The fact that the more complex
420  extracts tested maintain the positive effect showed for the purified compounds is of
421  major interest when thinking about industrial application, where more abundant and
422  easily obtained ingredients are crucial for scaling up stage and commercialization
423 process.

424 These results confirm those found in the literature *%, for anthocyanins extracted from

425  black soybean, composed of Cy3glc (the major), but also of Dp3glc and Pt3glc (also

Published on 14 September 2017. Downloaded by University of Newcastle on 14/09/2017 11:08:34.

426  present in red wine anthocyanin extract) that potentiated wound healing in a scratch
427 wound assay. Taken together, anthocyanins from red wine and from blackberry,
428  particularly Mv3glc and Cy3glc, respectively, might be potential ingredients for
429  cosmetic formulations to effectively help in the treatment of possible wounding that are
430 probable to occur as skin is the most external organ, but more studies must be
431  performed taking into consideration the presence of the other cellular types that make
432 up skin and the environment into which they are networking. On the other hand, it is
433  also possible to conclude that ECIS has indeed several advantages when compared to
434 other traditional methods. In fact, ECIS allows the screening of compounds cytotoxicity
435  considering both the effect of compounds on cell-cell as well as to cell-matrix
436  interactions, by calculating Rb and a parameters through the ECIS model. Furthermore,
437  ECIS wound-healing assay allows the execution of reproducible assays as it is based on

438  electrical wound and real-time monitoring of impedance.
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522 Table I. ECIS parameters calculated for HaCat monolayer after 24 h exposure to

523 DMSO.
% DMSO Rb (Q cm?) a (Q%cm) Cm (uF/cm?)
0 2.23+0.50 225+0.14 2.48 +0.06
0.01 2.41 +0.04 2.41+0.13 2.78 +£0.14
1 222+045 2.24+0.37 2.46 £0.10
524

525  Table II. ECIS parameters calculated for HaCat monolayer after 24 h exposure to the
526  anthocyanin extracts and the purified anthocyanins at 20 uM. There was no statistically

527  significant difference.

Compound Rb (2 cmz) o (Qo‘scm) Cm (pF/cmz)
Control 2.41 +0.04 2.41£0.13 2.78 £0.14
Mv3glc 2.46 £0.09 2.59£0.11 2.60 £ 0.06

Red wine extract 2.21+0.29 2.25+0.22 2.75+0.13
Cy3gle 2.22 +£0.06 2.24£0.05 2.81+0.06
Blackberry extract 2.29 £0.08 2.57+0.12 2.55+£0.05

528

529  Table III. ECIS micromotion data obtained from confluent HaCat layers 24h after
530 exposure to purified anthocyanins and their extracts at 20 puM. The column labeled
531 Resistance is the average resistance value of the cell layer over a 2048-s run. The
532 column labeled power slope is the slope of the log—log plot of power versus frequency.
533  The column labeled Var32 is the statistical variance for the 32-point intervals of the

534 normalized 2048-s data set. The column labeled VoI32 is the variance of the increments

Published on 14 September 2017. Downloaded by University of Newcastle on 14/09/2017 11:08:34.

535  for the 32-point sampling intervals of the 2048-s data set. The column labeled Hurst is
536 the Hurst exponent. Values shown are mean =+ standard error (n = 4-7 for each

537  compound).

Resistance Power

Compound k) slope Var32 (107) VolI32 (10°%) Hurst
Control 9.11+046  2.14+0.10 3.24+0.63 1.190 = 0.007 0.870 £0.123
Mv3glc 1024+0.84 222+0.14 5.68 = 1.40 1.310 £ 0.003 0.997 +0.002

Red wine extract 836049  2.06+0.13 2.39+0.36 1.140 £ 0.008 1.001 £ 0.002
Cy3glc 9.10£0.30  2.07+0.19 232+0.65 1.260 + 0.005 0.997 +0.003
Blackberry extract 9.72 +£0.12 2.08 £0.13 2.80 £ 0.66 1.340 + 0.002 1.001 £ 0.001

538
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Figure I. Representative HPLC chromatograms of isolated anthocyanins from wine (A)

and its major anthocyanin, Mv3glc (C) and a blackberry anthocyanin extract (B) and its

major anthocyanin, Cy3glc (D) obtained from blackberry anthocyanin extract. 1)

Dp3glc: delphinidin-3-O-glucoside; 2) Pt3glc: petunidin-3-O-glucoside; 3) Pn3glc:

peonidin-3-O-glucoside; 4) Mv3glc: malvidin-3-O-glucoside; 5) Cy3glc: Cyanidin-3-O-

glucoside; 6) Cy3rut: Cyanidin-3-rutinoside, 7) Cy3dioxaglc: Cyanidin-3-dioxaloyl-

glucoside and 8) Cy3manglc: Cyanidin-3-malonyl-glucoside.
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Figure II. Effect of anthocyanin extracts and purified anthocyanins Mv3glc and

Cy3glc, on HaCat cells proliferation evaluated by SRB assay. HaCat cells, seeded in 96

well plates, were treated with a concentration range (6.25 — 100.00 uM) of each
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552 compound for 48 h. Each value represents the mean + SEM (n=6) ***p < 0.001
553  (significant decrease vs control).
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3 555  Figure III. Graphs A and B represent a single eight-well array (§W1E) seeded with 1.6
P
g 556 x 10° cell/ml or 1.6 x 10° cell/ml, respectively, using DMEM-F12 medium. Resistance
‘D
g 557  values were measured at 4 kHz and normalized according to the basal values (R, —
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559
560  Figure IV. Representative graph of one well time course of the capacitance measured at
561 64 kHz when HaCat cells are seeded into ECIS arrays at 1.6 x 10° cell/ml. Two
562  measures were calculated from this data characterizing the spreading of HaCat cells on
563  gelatin coated gold microelectrodes. T, denotes the time necessary to achieve half-
564  maximum capacitance drop. Cell spreading rate was also calculated as the slope of the
565 linear regression between C = 1.0 nF and C = 6.0 nF. The data from 8 individual wells
566  were used to calculate these values.
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represents a positive control performed with DMSO to validate

. Resistance values were normalized to the value of resistance exactly

before the addition of compounds (};—”). Four different concentrations (0.01, 1, 5 and 10
0

% of DMSO in DMEM-F12 medium) were tested in HaCat cell monolayer over 24 h

incubation.

Figure VI. Graph represents normalized resistance (

Normalized Resistance (ohm)

—— Control
--=. DMS00.01% =
- -+ DMSO 1%
44 DMSO 5%
2
O ) ) ) 1

Log Frequency (Hz)

Rn

Free—cell well

) as a function of the

Log (frequency) obtained after 24 h of incubation of cells with different DMSO

concentrations.
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578  Figure VII. Graph represents an example of data obtained from cytotoxicity assays
579  with red wine and blackberry anthocyanin extracts as well as purified Mv3glc and

580 Cy3glc. Resistance values were normalized to the value of resistance exactly before the

581  addition of compounds (i—").
0
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583  Figure VIII. Normalized resistance data ( ) recorded after 24 h of
average of whole period

584  incubation of a confluent HaCat cell layer with compounds or with medium alone.
585
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Figure IX. Wound-healing assay for HaCat cells using ECIS. A) ECIS real-time
resistance after wounding in response to red wine and blackberry anthocyanin extracts
as well as to Mv3glc and Cy3glc, at the concentration of 20 pM. B) Graph of difference
in resistance at several time points after wounding. Each value represents the mean =+

SEM (n=4-5) *p < 0.05, **p <0.01, ***p < 0.001 (significant increase vs control).
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Figure X. Wound-healing assay for HaCat cells using ECIS. A) ECIS real-time
capacitance after wounding (time O hours) in response to red wine and blackberry
anthocyanin extracts as well as to Mv3glc and Cy3glc, at the concentration of 20 uM.
B) Time needed for cells to recover 50 % from the injury caused at wound in the
presence of DMEM-F12 medium (Control) or in the presence of anthocyanin extracts
and purified anthocyanins. Each value represents the mean £ SEM (n=4-5) *p < 0.05,

**p < 0.01 (significant decrease vs control).
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