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a  b  s  t  r  a  c  t

Dimethylsulfoxide  extracts  of  Chilean  berries  [Myrteola  nummularia,  ‘Murtilla-like’]  vs.  well  known  ‘Mur-
tilla’,  Chilean  and  Polish  blueberries,  and  Chilean  raspberries  were  investigated  for  their  antioxidant,
quenching  and  antiproliferative  activities.  The  significantly  highest  levels  of  polyphenols,  flavonoids,  fla-
vanols and  their  antioxidant  activities  were  estimated  in  ‘Murtilla’  (MT)  berries  (P  <  0.05),  than  in  other
investigated  samples.  DPPH  kinetic  measurements  were  calculated  to  compare,  distinguish  and  discrim-
inate  the  antiradical  activity  among  berry  extracts  by  multivariate  analysis.  The  lowest  IC50 values,  751
and 858  �g/ml,  were  obtained  for MT  extract  on colon  cancer  cell lines  HT-29  and  SW48.  HT-29  cells
treated  with  MT  extract  showed  a decrease  in  G1  phase  cells  from  77%  to  56%  (P  < 0.05).  At  the highest
concentration  of  2000  �g/ml MT extract  caused  90–100%  cell  growth  inhibition.  Percentage  of  death  cells
treated  with  MT extract  was  80.1%  and  72.5%  for SW48  and  HT-29  cells,  respectively.  The  inhibition  of
cancer  cell  proliferation  highly  correlated  with  the  levels  of  polyphenols,  flavonoids  and  their  antioxidant
activities.  The  interaction  between  drugs  and  serum  albumin  plays  an  important  role  in  the  distribution
and  metabolism  of  drugs,  therefore  the  complexation  reaction  between  flavonoids,  and  berries  extracts,
and bovine  serum  albumin  (BSA)  was  investigated  by  3-D fluorescence  and  FTIR  spectroscopy.  The  results
indicated  that  flavonoids  and  polyphenol  extracts  have  strong  ability  to  quench  the  intrinsic  fluorescence
of  BSA  by  forming  complexes.  A  shift  in  the  maximum  of  amides  FTIR-bands  appeared.  In  conclusion,  these
findings suggest  that  the  intake  of  a  new  kind  of  berry,  as a source  of natural  antioxidants,  may  reduce
colon  cancer  risk.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Consumption of berries became popular among health-
conscious consumers due to the high levels of valuable phy-
tochemicals: phenolics, flavonoids, tannins, phenolic acids and
anthocyanins [1–4]. Berries also contain some essential dietary
components such as vitamins, minerals and fiber that provide
health benefits extending beyond basic nutrition [4].  Recent
investigations show how berries promote human health and
prevent chronic illnesses such as cancer, heart and neurodegen-
erative diseases [4].  The cited below investigations describe some
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benefits of berries consumption. The raspberry (Rubus idaeus L.) is
an economically important berry crop that contains many pheno-
lic compounds with potential health benefits [5].  It was  shown that
raspberry seeds polyphenolic compounds are efficient antioxidants
[6].  Chilean berries were studied in some reports [1,7]. Infusions
of the Ugni molinae Turcz leaves also known as ‘Murtilla’ have
long been used in traditional native herbal medicine [8].  Due to
their content of phenolic and flavonoid compounds, berries exhibit
high antioxidant potential, exceeding that of many other food-
stuffs, and used as chemotherapeutic agents [9].  The aim of the
present investigation was  to explore the possible antiprolifera-
tive properties of some kinds of DMSO berries extracts: Chilean
‘Murtilla’ (Ugni molinae Turcz), ‘Myrteola’ berries (Myrtaceae, Myr-
teola nummularia (Poiret) Berg), Chilean and Polish blueberries
(Vaccinium corymbosum), and Chilean raspberries (Rubus idaeus)
on human colorectal cancer cell lines HT-29 and SW48. The
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correlation with the contents of bioactive compounds and the lev-
els of antioxidant activity (AA) and antiproliferation were done.
Human serum albumin is the drug carrier’s protein and serves
to amplify the capacity of plasma for transporting drugs. It is
interesting to investigate in vitro how this protein interacts with
flavonoids extracted from berry samples in order to get useful infor-
mation of the properties of flavonoid–protein complex. Therefore
the functional properties of a new kind of berry was studied by
the interaction of DMSO polyphenol extracts with a small pro-
tein such as BSA, using 3D-FL and FTIR. In order to reach these
aims the contents of the bioactive compounds and the levels of AA
were determined and compared. The AA was determined by four
complementary assays: [2,2-azino-bis (3-ethyl-benzothiazoline-
6-sulfonic acid)] (ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH),
ferric-reducing/antioxidant power (FRAP), and cupric reducing
antioxidant capacity (CUPRAC) [10–14].  The antiproliferative prop-
erties were assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay and flow cytometric analysis of
apoptosis [15,16].  As far as we know no results of such investiga-
tions were published.

2. Experimental

2.1. Chemicals and reagents

6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox), 2,2-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS), 1,1-diphenyl-2-picrylhydrazyl (DPPH), Folin–Ciocalteu
reagent (FCR), lanthanum (III) chloride heptahydrate, FeCl3·6H2O,
CuCl2·2H2O, 2,9-dimethyl-1,10-phenanthroline (neocuproine),
dimethylsulfoxide (DMSO), and MTT  were purchased from Sigma
Chemical Co., St. Louis, MO,  USA. 2,4,6-Tripyridyl-s-triazine (TPTZ)
was purchased from Fluka Chemie, Buchs, Switzerland. All reagents
were of analytical grade. Deionised and distilled water was used
throughout.

2.2. Berries samples

Chilean ‘Murtilla’ (Ugni molinae Turcz) and ‘Myrteola’ berries
(Myrtaceae, Myrteola nummularia (Poiret) Berg.), Chilean and Pol-
ish blueberries (Vaccinium corymbosum) and Chilean raspberries
(Rubus idaeus)  were investigated. ‘Myrteola’ nummularia (Poiret)
Berg., Myrtaceae (Daudapo) is distributed geographically from Val-
divia to Magallanes. The fruit is edible. The investigated berries
were harvested at their maturity stage. ‘Murtilla’ (Puerto Varas)
and ‘Myrteola’ (Chiloé) were in non-ripening stage and collected
in February 2010. Arandano (blue berries) and raspberries were
purchased at the local market in Chillan, Chile; and another sam-
ple of blueberries were purchased at the local market in Warsaw,
Poland. For the investigation were using five replicates of five
berries each. The edible parts were prepared manually without
using steel knives. The prepared berries were weighed, chopped
and homogenized under liquid nitrogen in a high-speed blender
(Hamilton Beach Silex professional model) for 1 min. A weighed
portion (50–100 g) was then lyophilized for 48 h (Virtis model
10–324), and the dry weight was determined. The samples were
ground to pass through a 0.5 mm sieve and stored at −20 ◦C until
the bioactive substances were analyzed.

2.3. Determination of bioactive compounds and antioxidant
activity (AA)

The contents of polyphenols, flavonoids, flavanols and tannins in
DMSO extracts of the studied samples were determined as previous
described [17].

As was  already mentioned, determination of AA was done
by four complementary assays: ABTS, DPPH, FRAP and CUPRAC.
Phenols were extracted with 50% DMSO at room tempera-
ture twice during 3 h from lyophilized berries (concentration
25 mg/ml). The polyphenols were determined by Folin–Ciocalteu
method with measurement at 750 nm with spectrophotometer
(Hewlett–Packard, model 8452A, Rockvile, USA). The results were
expressed as mg  of gallic acid equivalents (GAE) per g DW [18].
Flavonoids, extracted with 5% NaNO2, 10% AlCl3·6H2O and 1 M
NaOH, were measured at 510 nm.  The total flavanols were esti-
mated using the p-dimethylaminocinnamaldehyde method, and
then the absorbance at 640 nm was  read. The extracts of con-
densed tannins (procyanidins) with 4% methanol vanillin solution
were measured at 500 nm.  (+)-Catechin served as a standard for
flavonoids, flavanols, and tannins, and the results were expressed
as catechin equivalents (CE) [17].

The AA was  determined by four complementary assays:

(1) 2,2-Azino-bis (3-ethyl-benzothiazoline-6-sulfonic acid)
diammonium salt (ABTS•+) method for the screening of
antioxidant activity is reported as a decolorization assay
applicable to both lipophilic and hydrophilic antioxidants,
including flavonoids, hydroxycinnamates, carotenoids, and
plasma antioxidants. The pre-formed radical monocation ABTS
is generated by oxidation of ABTS with potassium persulfate
and is reduced in the presence of such hydrogen-donating
antioxidants. The influences of both the concentration of
antioxidant and duration of reaction on the inhibition of
the radical cation absorption are taken into account when
determining the antioxidant activity. ABTS•+ radical cation
was  generated by the interaction of ABTS (7 mM)  and K2S2O8
(2.45 mM).  This solution was diluted with methanol until the
absorbance in the samples reached 0.7 at 734 nm.

(2) Ferric-reducing/antioxidant power (FRAP) assay measures the
ability of the antioxidants in the investigated samples to reduce
ferric-tripyridyltriazine (Fe3+− TPTZ) to a ferrous form (Fe2+),
which absorbs light at 593 nm.

(3) Cupric reducing antioxidant capacity (CUPRAC): this assay is
based on utilizing the copper (II)-neocuproine [Cu (II)-Nc]
reagent as the chromogenic oxidizing agent. The absorbance
at 450 nm was  recorded against a reagent blank.

(4) Scavenging free radical potentials were tested in a methano-
lic solution of 1,1-diphenyl-2-picrylhydrazyl method (DPPH).
The degree of decoloration of the solution indicates the scav-
enging efficiency of the added substance. In its radical form,
DPPH has an absorption band at 515 nm which disappears upon
reduction by an antiradical compound. DPPH solution (3.9 ml,
25 mg/l) in methanol was mixed with the samples extracts
(0.1 ml), then the reaction progress was  monitored at 515 nm
until the absorbance was stable.

2.4. Chemometrical processing

Samples with different concentrations of berry DMSO extracts
(1, 2.5, 5, 10, 15, 20 and 30 mg/ml) were analyzed by DPPH antiox-
idant activity assay [14]. In the kinetic studies two variables were
used: the change in the concentration of the samples and the
change in time of the reaction with scavenging radical: 1, 10,
30, 60 and 90 min. The DPPH data [(�M TE)/(g DW)] set consisted
of a 25 × 7 matrix in which rows represent the different extract
concentrations and columns – the five berry species. Basic chemo-
metric characterization of the investigated berry extract samples
according to their ability to reduce the DPPH was carried out by
summary, descriptive (normal probability, box/whisker and dot



Author's personal copy

70 S. Flis et al. / Journal of Pharmaceutical and Biomedical Analysis 62 (2012) 68– 78

plots) statistics and multisample median testing using the statisti-
cal programme Unistat® (London, UK).

2.5. Fluorimetry and Fourier Transform Infrared (FT-IR) spectra
studies

Two dimensional (2D-FL) and three dimensional (3D-FL) fluo-
rescence measurements were done using a model FP-6500, Jasco
Spectrofluorometer, serial N261332, Japan. Fluorescence emission
spectra for all berries samples at a concentration of 0.25 mg/ml
in DMSO were taken at emission wavelength (nm) of 330, and
recorded from wavelength of 265 to a wavelength of 310 nm,  at
emission wavelengths of 685 nm from 300 to 750 nm;  and at exci-
tation of 350 nm from 370 to 650 nm.  Quercetin was used as a
standard. 3D-FL spectra of the investigated berries extracts were
collected with subsequent scanning emission spectra from 250 to
750 nm at 1.0 nm increments by varying the excitation wavelength
from 230 to 350 nm at 10 nm increments. The scanning speed was
set at 1000 nm/min for all measurements. All measurements were
performed with emission mode and with intensity up to 1000. All
solutions for protein interaction were prepared in 0.05 M Tris–HCl
buffer (pH 7.4), containing 0.1 M NaCl. All solutions were kept in
dark at 0–4 ◦C. The 2.0 × 10−5 M BSA was mixed with 0.88 × 10−5 M
quercetin and extracts of berries samples (8–15 �l) [19,20]. The
samples after the interaction with BSA were lyophilized and sub-
jected to FTIR.

The presence of polyphenols in the investigated berries sam-
ples and the interaction between polyphenols and bovine serum
albumin (BSA) was studied by Fourier Transform Infrared (FT-IR)
spectroscopy. A Nicolet iS 10 FT-IR Spectrometer (Thermo Scien-
tific Instruments LLC, Madison, WI,  USA), with the smart iTRTM

ATR (Attenuated Total Reflectance) accessory was  used to record
IR spectra [21].

2.6. Berries extracts for cytotoxicity

Extracts from blueberry Chilean (BBCh), blueberry Polish (BBP),
‘Murtilla’ (MT) and ‘Murtilla-like’ (MTL) were prepared with 50%
dimethylsulfoxide (DMSO) at a concentration 200 mg/ml  through
gentle shaking for 20 min. Samples were centrifuged at 3000 × g
for 3 min  and twice at 10,000 × g for 3 min  to pellet unextracted
material. Centrifuged polyphenolic extracts were aliquoted and
maintained at −20 ◦C until usage. Each aliquot was  thawed only
once. The final concentration of DMSO, without effect on cell sur-
vival, was maintained at 0.5%. In all experiments, control cells were
incubated with proper concentration of DMSO.

2.7. Cell culture

The HT-29 and SW48 human colorectal cancer cell lines were
obtained from American Type Culture Collection (ATCC, Manassas,
VA, USA). The cells were cultured in RPMI 1640 medium (Gibco,
Paisley, UK) supplemented with 10% (v/v) heat-inactivated fetal
bovine serum (FBS, Gibco), 2 mM glutamax (Gibco), 100 units/ml
penicillin, 100 �g/ml streptomycin and 250 ng/ml amphoterycin
(Gibco) at 37 ◦C in a humidified atmosphere including 5% CO2. Cells
were incubated with berries extracts for 24, 48 and 72 h, but only
results following 72 h are presented as the effects were more pro-
nounced.

2.8. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay

This assay relies on the ability of viable cells to metaboli-
cally reduce a yellow tetrazolium salt (MTT) to purple formazan

product. This reaction takes place when mitochondrial reduc-
tase enzymes are active. Cells were grown in 96-well plates
(1 × 104 cells/200 �l/well). After incubation with the reagents, the
medium was removed and the cells were treated with 50 �l of MTT
for 4 h at 37 ◦C. Next, 150 �l of solubilization solution (10% SDS) was
added, and the mixture was incubated at 37 ◦C overnight. The sol-
ubilized formazan product was spectrophotometrically quantified,
using a microtiter plate reader, Power Wave XS (Bio-Tek, Winooski,
VT, USA), at 570 nm.

2.9. Flow cytometric analysis of cell cycle

Cells (∼1 × 106) were resuspended in 4 ml  of 80% ethanol
(−20 ◦C) and incubated at −20 ◦C for 24 h, washed twice in
phosphate-buffered saline (PBS), and stained with 50 �g/ml pro-
pidium iodide (PI; Sigma) and 100 �g/ml RNase in 0.1% PBST
solution (PBS supplemented with 0.1% TritonX-100) for 30 min  in
the dark at 4 ◦C. The samples were then measured, using a BD FAC-
SCalibure flow cytometer (BD Biosciences, San Jose, CA, USA). The
DNA histograms were analyzed using ModFit software (BD Bio-
sciences, San Jose, CA, USA).

2.10. Flow cytometric analysis of apoptosis

Apoptosis was  measured, according to the manufacturer’s
instructions, using an annexin V-FITC kit (BD Biosciences, San Jose,
CA, USA). The cells were collected after treatment, washed twice
with PBS and centrifuged. The cell pellet was  resuspended in ice-
cold binding buffer. The annexin V-FITC and PI solutions were added
to the cell suspension and mixed gently. The samples were then
incubated for 15 min  in the dark before flow cytometric analysis.

2.11. Calcein-AM/propidium iodide staining

Cells of both cell lines were plated in 8-well chamber slides (Lab-
Tek, Nunc, Germany) at a density of 3 × 104 cells/well and were
allowed to grow for 24 h. Then berries extracts at IC50 concentra-
tions were added to the culture medium. The final concentration of
DMSO, as a control, did not exceed 0.5%. After 72 h cells were stained
using Calcein-AM (CAM; Sigma) and propidium iodide (PI). The
final concentrations of CAM and PI were 2 �M and 5 �g/ml, respec-
tively. Images of each chamber were prepared using a fluorescent
microscope Olimpus BX60 at 10× magnification.

2.12. Statistical analyses

To verify the statistical significance, mean ± SD of five indepen-
dent measurements were calculated. Differences between groups
were tested by two  ways ANOVA. In the assessment of the antiox-
idant activity, Spearman correlation coefficients (R) were used.
Linear regressions were also calculated. P-values of <0.05 were
considered significant (marked with asterisks). The IC50 concentra-
tions for berries extracts were calculated using SigmaPlot 11 (Stat
software, Inc., USA).

3. Results and discussion

3.1. Bioactive compounds

The significantly highest content (Table 1, P < 0.05) of polyphe-
nols, flavonoids and flavanols in dimethylsulfoxide (DMSO)
extracts was  in ‘Murtilla’ non-ripe sample (78.0 ± 6.1 mg  GAE/g,
27.3 ± 2.3 mg  CE/g and 7789 ± 424 �g CE/g, respectively). The con-
tents of most bioactive compounds in Chilean blueberries are
comparable with the data in ‘Murtilla-like’ berries. The following
order of the amount of polyphenols was obtained such as (Table 1):
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Table  1
Bioactive compounds in dimethylsulfoxide (DMSO) extract of the studied berries.a,b ,c

Samples POL (mg  GAE/g) FLAVON (mg  CE/g) FLAV (�g CE/g) TAN (mg CE/g)

Murtilla-like NR 23.4 ± 1.9a 7.68 ± 0.5b 4280 ± 213d 15.7 ± 1.2b
Murtilla  NR 78.0 ± 6.1d 27.3 ± 2.3d 7788 ± 424e 28.9 ± 2.1d
Raspberry 30.1 ± 2.4c 2.08 ± 0.1a 175 ± 13a 5.87 ± 0.4a
Blueberry Chilean 19.8 ± 1.2a 9.93 ± 0.6c 1855 ± 112b 23.5 ± 1.9c
Blueberry Polish 31.2 ± 2.4c 11.1 ± 0.8c 3191 ± 198c 36.0 ± 2.3e

Abbreviations: POL, polyphenols; FLAVON, flavonoids; FLAV, flavanols; TAN, tannins; CE, catechin equivalent; GAE, gallic acid equivalent; NR, non-ripe.
a Values are means ± SD of 5 measurements.
b Values in columns with different letters are significantly different (P < 0.05).
c Per g dry weight.

‘Murtilla’ NR > Polish Blueberry > Chilean Raspberry > ‘Murtilla-like’
NR > Chilean Blueberry.

3.2. Antioxidant activity (AA)

The AA (�M TE/g DW)  was significantly higher in ‘Murtilla’ non-
ripe DMSO extract (P < 0.05) for ABTS, DPPH, and FRAP (1356 ± 112,
382 ± 29 and 550 ± 42, respectively), but for CUPRAC – 76.6 ± 6.2 in
‘Murtilla-like’.

3.3. Chemometrical processing

As was mentioned above the antioxidant activity of the inves-
tigated berries was also carried out by DPPH kinetic studies. The
chemometrical analysis was used for comparison of investigated
samples. The results of the DPPH antiradical activity (�M TE/g DW)
of investigated berries are shown in Fig. 1A, where the highest value
was in ‘Murtilla’ non-ripe. The DPPH scavenging property of the
berries’ DMSO extracts was expressed in term IC50, which repre-
sents the concentration of berry extract (mg/ml), needed to achieve
50% quenching of free DPPH radical. The lower the IC50 values,
the higher the antiradical activity. ‘Murtilla’ non-ripe extract was
characterized by the lowest IC50 value (1.20 ± 0.03 mg/ml), indi-
cating the highest efficacy to scavenge DPPH radical. The average
radical scavenging effect was observed in non-ripe ‘Murtilla-like’
berries with IC50 about 6 mg/ml. The highest IC50 value was
measured for raspberry DMSO extract (17.3 ± 0.03 mg/ml). The
efficacy of radical scavenging effect of both non-ripe ‘Murtilla’
and ‘Murtilla-like’ extracts was about 10 times greater than in
raspberry extract with the lowest antiradical activity. The scav-
enging activity of the extracts in decreasing order was: ‘Murtilla’
non-ripe > blueberry (Poland) > ‘Murtilla-like’ non-ripe ≥ blueberry
(Chile) and raspberry (Fig. 1), which corresponds with the amounts
of polyphenols. To increase insights into the variations in antiradi-
cal profiles between berry fruits and interrelationships between the
parameters analyzed, hierarchical cluster analysis (HCA), princi-
pal components analysis (PCA) and canonical discriminant analysis
(CDA) were performed to differentiate and classify the fruit DMSO
extracts according to their berry species origin.

Hierarchical cluster analysis (Fig. 1B) compares the berries
DMSO extracts’ scavenging activity of free DPPH radical. Dendro-
gram at the distance about 250 classifies samples into three main
groups on the basis of the measured and calculated parameters
from which an extra cluster of ‘Murtilla’ non-ripe berries are segre-
gated as the berry with the highest antiradical power. The second
group with the middle antiradical activity is composed of ‘Murtilla-
like’ non-ripe and Polish blueberry, and the third cluster included
Chilean blueberry and raspberry with the relatively lowest antirad-
ical activity. These similarities and differences in examined berries
antiradical activity are in a good agreement with the comparison
shown in Fig. 1A. The perception of the 16 antiradical attributes
(absorbance readings, inhibition data and Trolox values at different
reaction times and concentrations) was reduced by PCA method to

two  principal components, which accounted for 96.6% of the total
variance. PC1 accounted 66.1% of the variability and it was  highly
correlated with absorbance readings at 10 and 30 min. PC2, which
accounted 30.5% of the variation, had high positive loadings for
Trolox values at 60 and 90 min. The plot of principal components
(Fig. 1C) illustrates the large variability of the five berries’ DPPH free
radical scavenging activity in DMSO extracts with concentration
from 1 to 25 mg/ml  and reaction times from 1 to 90 min. Oppo-
sitely to cluster analysis, PCA was able to segregate from the rest
berries clearly only one group of ‘Murtilla’ non-ripe berries with
the highest antiradical activity. This segregation shortage was  fully
compensated by canonical discriminant analysis which was  able
100% correctly differentiate investigated berries’ DMSO extracts
according to their species of origin using the all antiradical charac-
teristics. The variables explaining the highest discriminant power
in the first discriminant function were absorbance reading and inhi-
bition value at 90 min  and in the second function of inhibition at
60 min, respectively.

3.4. Fluorimetric data

In three-dimensional fluorescence spectra and contour maps of
berries one main peak can easily be observed in DMSO extracts
at the location of � em/ex 335/275 nm.  The interaction between
BSA, quercetin and berry extracts by the changing of fluores-
cence intensity (FI) and shift of the main peak is shown in Fig. 2.
Quercetin and BSA were used at constant concentrations, but it was
a change in the reaction time (0–20 min) and also in the amount
of DMSO (5 �l, 8 �l and 15 �l) berries extract (Fig. 2). The syner-
gism of two  flavonoids (quercetin and DMSO polyphenol berries
extract) showed that the fluorescence intensity was decreased
immediately when quercetin was  added to the mixture of BSA
and DMSO extract of berries (FI = 555.06, Fig. 2B). Different results
were obtained when quercetin was added at the end of reaction
(Fig. 2A, FI = 686.62). After 20 min  of reaction the decrease was
higher (Fig. 2B, FI = 422.44) in comparison with Fig. 2A, FI = 455.59.
The quenching is dose dependent reaction. The decrease of the
fluorescence intensity in the case of adding to the same reac-
tion mixture of 8 �l of DMSO extract of ‘Murtilla’ (Fig. 2B, the
ending FI = 422.44) in comparison with 15 �l (Fig. 2C, the ending
FI = 302.29) was found. At constant time the lowest fluorescence
intensity was achieved when to reaction media was added 15 �l
(Fig. 2D, the lowest line with FI = 411.41).

3.5. FTIR spectra

The comparison of two different extracts of ‘Murtilla-like’
(Fig. 3A, DMSO extract, upper line; water extract, middle line)
with quercetin (Fig. 3A, standard, lower line) and of three berries
[Fig. 3B, DMSO extracts of: raspberry (upper line)]; ‘Mutrilla’
(middle line), ‘Murtilla-like’ (lower line) showed that all DMSO and
water polyphenols extract had the following common bands from
1700 to 800 cm−1 (1601, 1580, 1405, 1397, 1229, 1045 cm−1), but
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Fig. 1. (A) Box/Whisker and Dot Plots of DPPH-radical activity of investigated berries extracts; (B) hierarchical cluster analysis of investigated berries extracts based on
DPPH  antiradical characteristics (absorbance readings, inhibition and Trolox data); (C) results of principal component analysis based on DPPH free radical scavenging
measurements of extracts of five berries. Data are means of three replications. The DMSO extract concentrations of berries were 1–25 mg/ml and DPPH reaction times were
1–90  min; Abbreviations: MNR, ‘Murtilla’ non-ripe; MLN, ‘Murtilla-like’ non-ripe; BP, blueberry Poland; BC, blueberry Chile; R, raspberry.

the most intensive bands were the ‘Murtilla’ sample. The other two
berries were similar and overlaid in the same area. The wavelength
numbers of FTIR spectra for quercetin at 869, 1093, 1255, 1442,
and 1662 cm−1 were assigned to C H alkenes, C O alcohols,
C O H alcohols, OH aromatic, C O alcohols, C H alkanes,
C C aromatic ring and C C alkenes, respectively. A shift in the
difference between the standard (quercetin) and the investigated
samples can be explained by the method of extraction of the total
polyphenols. Matchings between the peaks in the range from

4000 to 400 cm−1 were for raspberry:‘Murtilla’ = 0.6688; rasp-
berry:‘Murtilla’ = 0.8622; ‘Murtilla’:‘Murtilla-like’ = 0.5508 (Fig. 3A
and B). The obtained data corresponded with the level of bioactive
compounds (Tables 1 and 2), especially with polyphenols. The
Amide I and Amide II peaks of BSA (Fig. 3C, lower line) were
shifted from 1544 to 1543 cm−1 and from 1654 to 1626 cm−1 upon
interaction with quercetin (Fig. 3C, upper line) and to 1626 cm−1

upon interaction with ‘Murtilla’ extract (Fig. 3C, middle line).
FTIR of quercetin (Fig. 3A, lower line) shows broad phenolic OH



Author's personal copy

S. Flis et al. / Journal of Pharmaceutical and Biomedical Analysis 62 (2012) 68– 78 73

Fig. 2. Change in fluorescence intensity (2 D-FL) as a result of interaction of the mixture of: (A) 2 × 10−5 M bovine serum albumin (upper line) (BSA) and 8 �l of DMSO extract
of  ‘Murtilla’ during reaction time of 0, 2, 5, 10, 15 and 20 min and after 20 min 0.88×10−5 M quercetin was added (lower line); (B) mixture of BSA, 8 �l of ‘Murtilla’ and
quercetin (upper line at start of reaction) during 0, 2, 5, 10, 15 and 20 min  (lower line at the end of reaction); (C) mixture of BSA, 15 �l of ‘Murtilla’ and quercetin (upper
line  at start of reaction) during 0, 2, 5, 10, 15 and 20 min  (lower line at the end of reaction); (D) mixture of BSA, 5 �l of ‘Murtilla’ and quercetin (upper line); mixture of BSA,
8  �l of ‘Murtilla’ and quercetin (middle line); mixture of BSA, 15 �l of ‘Murtilla’ and quercetin (lower line) at constant time of 10 min; (E) three-dimensional fluorescence
(3D-FL)  and (F) contour map  of quenching of BSA + 8 �l of DMSO extract of ‘Murtilla’ and quercetin. The 3D-FL were run emission mode and fluorescence intensity up to
1000,  emission wavelengths from 250 to 750 nm and excitation wavelengths from 230 to 500 nm;  scanning speed was 1000 nm/min, excitation wavelength on x-axis and
fluorescence intensity on y-axis (A); (B–D) emission wavelength on x-axis and fluorescence intensity on y-axis; (E) emission wavelength on x-axis and excitation wavelengths
on  y-axis.

band centered around 3394 cm−1, characteristic CO stretching at
1662 cm−1, aromatic bending and stretching around 1093 cm−1,

OH phenolic bending around 1197 and 1374 cm−1. FTIR of
quercetin could confirm the relative chemical stability of quercetin.

Table 2
The antioxidant activity of all studied berries (�MTE/g) in dimethylsulfoxide (DMSO)
extracts.a,b ,c

Samples ABTS DPPH FRAP CUPRAC

Murtilla-like NR 362 ± 27c 161 ± 11b 235 ± 19c 76.6 ± 6c
Murtilla NR 1356 ± 112d 382 ± 29c 550 ± 42d 50.1 ± 4b
Raspberry 119 ± 9a 49.5 ± 4a 90.0 ± 8 30.7 ± 2a
Blueberry Chilean 229 ± 13b 59.7 ± 5a 162 ± 11b 41.1 ± 3a
Blueberry Polish 366 ± 27c 115 ± 9b 267 ± 19c 58.5 ± 4b

Abbreviations: NR, non-ripe; ABTS, 2,2-azino-bis (3-ethyl-benzothiazoline-6-
sulfonic acid) diamonium salt; CUPRAC, cupric reducing antioxidant capacity;
DPPH, radical scavenging activity using 1,1-diphenyl-2-picrylhydrazyl; FRAP, ferric-
reducing/antioxidant power.

a Values are means ± SD of 5 measurements.
b Values in columns for every value of antioxidant activity with the same solvent

bearing different letters are significantly different (P < 0.05).
c Per g dry weight.

FTIR spectra of ‘Murtilla’ (Fig. 3B, middle line) showed a peak at
1712 cm−1, which corresponds to the CO (stretching), and the
peaks at 2933 cm−1 are related to the C H bond of saturated car-
bons. As it was  shown previously, that the characteristic 1663 cm−1

of quercetin CO stretching (Fig. 3A, middle line) is seen as small
shoulder due to the overlapping of the dominant CO stretching
of ‘Murtilla’ (1712 cm−1, Fig. 3B, middle line), but the phenolic OH
corresponding to quercetin is seen around 3394 cm−1 and for the
quercetin–BSA at 3183 cm−1 (Fig. 3C, upper line). The comparison
of the peaks in the interaction between BSA and quercetin and BSA
and the ‘Murtilla’ extract (BSA + Quercetin):(BSA + ‘Murtilla’)
was  about 99.2%; (BSA + Quercetin):(BSA) = 0.4933; and
(BSA + ‘Murtilla’):(BSA) = 0.4816 (Fig. 3C). These data are in
full correspondence with other obtained results. The interaction
between the BSA and quercetin and BSA and ‘Murtilla’ changed the
BSA secondary structure nearly in the same proportion. Matching
in other berries samples showed the following order (%): 87.2, 82.7,
76.5 and 74.9 for blueberry Poland, ‘Murtilla-like’, raspberry and
blueberry Chile. The best matching was achieved with ‘Murtilla’
extract in comparison with pure quercetin. FTIR and 3-D fluorime-
try were used as rapid methods for comparison of DMSO extracts
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Fig. 3. Infrared study of FTIR spectra of (A): upper line, DMSO extract ‘Murtilla-like’; middle line, dry matter of ‘Murtilla-like’, lower line, quercetin (standard); (B) DMSO
extracts of upper line, raspberry, middle line ‘Murtilla’, lower line ‘Murtilla-like’; (C) upper line, the interaction of 2.0 × 10−5 M BSA and 0.88 × 10−5 M quercetin was during
1  h, at 37 ◦C, then after the fluorimetric measurements the sample was  lyophilized; middle line, the interaction of 2.0 × 10−5 M BSA and 15 �l DMSO extract of ‘Murtilla’ was
during  1 h, at 37 ◦C, then after the fluorimetric measurements the samples were lyophilized; lower line, BSA as a standard.
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Fig. 4. Survival of human colorectal cancer cells of the SW48 and HT-29 lines, in the
presence of four berries extracts: blueberry Poland (BBP), blueberry Chile (BBCh),
‘Murtilla’ (MT) and ‘Murtilla-like’ (MTL). Each point represents the mean ± SD (n = 6),
asterisks indicates significance at P < 0.05, for comparison with control.

of the studied berries as an additional indicator of their similarity
or differences, based on the bands and peaks in the polyphenol
region. These analytical techniques can be recommended for any
plant extracts [22].

3.6. Berries extracts for cytotoxicity

In vitro studies indicated that colorectal cancer cells from SW48
and HT-29 cell lines are sensitive to three of four evaluated extracts
obtained from different kinds of berries. Extracts from blueberry
from Poland (BBP), ‘Murtilla’ (MT) and ‘Murtilla-like’ (MTL) from
Chile were cytotoxic against SW48 and HT-29 cells. Observed effect
was dose dependent. Obtained results have shown that both cell
lines seem to be more sensitive to the MT’s extract which caused
90–100% cell growth inhibition at the highest concentration of
2000 �g/ml (Fig. 4). Using dose-effect curve for each extract the 50%
growth inhibition value (IC50) was estimated in comparison with
control cells (Table 3). The lowest IC50 values, 751 and 858 �g/ml,
were obtained for MT  extract for SW48 and HT-29 cell lines, respec-
tively. These preliminary studies allowed us to select extracts for
further studies.

3.7. Cell cycle perturbation

The effect of berries extracts on cell cycle progression was  deter-
mined using flow cytometric method. The SW48 cells treated with
BBP, MT  and MTL  extracts at IC50 concentration showed decrease in
G1 phase with simultaneous increasing the percentage of the cells
in the S phase (Fig. 5). The most pronounced effect was  observed for
MT extract which caused significant increase of the percentage of

Table 3
IC50 values of studied berries extracts for inhibition of growth of human colorectal
cancer cells (cells were incubated with extracts for 72 h).

Berries extracts IC50 (�g/ml)a

SW48 HT-29

BBP 1425 1487
BBCh 5238 18,636
MT 751 858
MTL 1443 1396

a IC50 values (concentrations required to reduce the viability of cells by 50% as
compared with the control cells) were computed using nonlinear regression (three
parametric Hill function) (R2 > 0.9). Abbreviations:  BBP, blueberries Polish; BBCh,
blueberries Chilean; MT,  ‘Murtilla’ non-ripe; MTL, ‘Murtilla-like’ non-ripe.

SW48 cells in S phase from 20% to 60% (P < 0.05) with concomi-
tant decreasing of the percentage of the cells in G1 phase from
68% to 40% (P < 0.05). Berries extracts also induced cell cycle arrest
in HT-29 cells. In the presence of evaluated extracts, we  observed
increase in the percentage of the cells in the S/G2-M phase border.
MT extract induced the strongest effect on HT-29 cells. HT-29 cells
treated with MT  extract showed decrease in G1 phase cells from
77% to 56% (P < 0.05) and this decrease in G1 phase was accompa-
nied by increase in the population of the S and G2-M phase from
18% to 31% and 4% to 14% (P < 0.05), respectively (Fig. 5).

3.8. Berries extract induce apoptosis in human colorectal cancer
cells

Cell cycle analysis revealed also presence of sub-G1cell popu-
lation (data not shown), suggestive of cell-death induction under
evaluated conditions. To confirm this observation Annexin V/FITC
and PI staining was performed. The Annexin V monitors the
turnover of phospholipids from the inner to the outer layer of the
plasma membrane, an event typically associated with apoptosis,
whereas the PI penetrates the damaged cell membrane and fluo-
resces upon intercalating within DNA. We  found that BBP and MTL
extracts induced apoptosis, type-I of cell-death, since accumula-
tion of the apoptotic cells was observed in the R2 and R3 regions,
corresponding to early and late stage of apoptosis, respectively.
The level of the apoptotic cells, after BBP and MTL  treatment, was
∼2–2.5 times higher compared with control cells (Fig. 6). However,
the most pronounced effect was  observed for SW48 and HT-29
cells treated with MT  extract. After 72 h of treatment, percent-
age of death cells was  80.1% and 72.5% for SW48 and HT-29 cells,
respectively (Fig. 6). The population of death cells was located in
the R4 region indicates necrotic type of cell-death. Induction of
cell-death by evaluated extracts was also confirmed using fluo-
rescence microscopic observation. For this proposes Calcein-AM/PI
double staining method was used. Micro-photographs in Fig. 6
show that the strongest effect on the colorectal cancer cells exerted
MT extract. After 72 h of treatment ∼100% SW48 and HT-29 cells
have lost membrane integrity and showed contrasting red PI stain-
ing throughout the nuclei.

In the last decade the consumption of berries has become
popular because of their health properties, which are the func-
tion of high content of valuable phytochemicals [1–5]. Our
results are in accordance with others that wild and cultivated
berries contain significantly different amounts of total phenols
and antioxidant capacity in different localities in Chile [23]:
significant differences in phenol content in two cultivars of saska-
toon (773.9 and 1001.9 mg  GAEl−1) and wild rosehip (1457.0 and
1140.4 mg  GAEl−1). Our data (Tables 1 and 2) are comparable with
previous reports, where the bioactive compounds were extracted
with methanol [17]. The antioxidant activities of extracts, par-
titions and fractions were strongly correlated with the highest
polyphenol contents, as it is shown in our results (Table 2).
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Fig. 5. Changes in the cell cycle progression of human colorectal cancer cells after 72 h of treatment with evaluated extracts. Each bar represents the mean ± SD (n ≥ 4). The
data  obtained from FACS were analyzed using ModFit LT V3.0 software to determine the percent of cells in each phase of the cell cycle. BBP, Polish blueberry; BBCh, Chilean
blueberry; MT,  ‘Murtilla’; MTL, ‘Murtilla-like’.

Fig. 6. Induction of cell death by berries extracts in the human colorectal cancer cells. Percentage of death cells was  determined by FACS analysis after 72 h of treatment.
Cells  were stained with annexin V-FITC/PI. The data are expressed as the mean ± SD (n = 4). An asterisk (*) indicates that the induction of cell death by evaluated extracts was
significant in comparison with control (P < 0.05). Representative photomicrographs are shown cells stained with Calcein-AM and PI (magnification 10×). Green fluorescence
indicates living cells whereas red fluorescence indicates dead cells. BBP, Polish blueberry; BBCh, Chilean blueberry; MT,  ‘Murtilla’; MTL, ‘Murtilla-like’. (For interpretation of
the  references to color in this figure legend, the reader is referred to the web version of the article.)
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The highest bioactivities were in organic solvents (the ethano-
lic and acetone extracts) in all bioassays and all samples were
compared for activity against quercetin used as pattern samples.
Consistent with this finding, DMSO extract had the greatest antiox-
idant activities. Seeram [4] discussed also that phytonutrients
ranged from fat-soluble/lipophilic to water-soluble/hydrophilic
compounds. Conclusions in the report of Stoner et al. [9] are
in line with our results about the high antioxidant activity of
berries. Hexane, EtOAc and MeOH extracts showed good antiox-
idant activity, the majority of the extracts exhibited over 50%
of lipid peroxidation inhibitory activity at 50 �g/ml [24]. These
results are in accordance with our findings that DMSO raspberry
extracts (Tables 1 and 2) showed relatively average levels of antiox-
idant activity by ABTS, DPPH, FRAP and CUPRAC. Our results are
in accordance with You et al. [3] where four Rabbiteye blueberry
cultivars, grown organically and conventionally, were compared
regarding their chemical profiles and antioxidant capacity in terms
of total phenolic content, and antioxidant values by ABTS, DPPH,
FRAP and CUPRAC. The amount of polyphenols (mg  GAE/g DW)
was from 19.81 to 31.16 and this is lower than our results for
blueberries (Table 1). The data were slightly different, because we
used for comparison only two kinds of blueberries which differ
by the climatic conditions, therefore all phenolics, in blueber-
ries from Poland were approximately as much as twice higher
than from Chile. The AA of ‘Murtilla-like’, blue and red raspber-
ries was comparable. Also other reported different AA data in
different cultivars harvested in different seasons [25]. Accord-
ing to these authors [25] the means of AA for calafate, maqui
and ‘Murtilla’ were 74.4 ± 16, 88.1 ± 22 and 11.7 ± 2.3 �mol  TE/g
FW,  respectively. Bioactive compounds in ‘Murta’ were the
following [26]: yellow flavonoids – 207 ± 8.2 mg/100 g FW;
polyphenols – 2055 ± 75.7 mg  GAE/100 g DW;  DPPH EC50 –
363 ± 27.4 g DW/g DPPH; ABTS – 166 ± 4 �mol  TE/g DW;  FRAP –
299 ± 22.4 �mol  Fe2SO4/g DW.

Our results are in agreement with other cited reports [27,28]
that berry consumption promotes human health and prevents
chronic illnesses such as cancer. The use of chemotherapy to fight
this disease leads to known side effects [29–31].  The most frequent
side effects of chemotherapy that were reported included fatigue,
mouth dryness, nausea, constipation, anorexia, vomiting, pain, sad-
ness and anxiety [31]. Side effects of chemotherapy were the main
reason for investigations of possible antiproliferativity of different
natural sources [32]. It was of great interest to know if also other
studied berries possess antiproliferative properties. Combinations
of anticancer agents form the basis for the treatment of colorectal
carcinoma (CRC).

Our results are in accordance with others that dietary freeze-
dried berries were shown to inhibit chemically induced cancer
of the rodent esophagus by 30–60% and of the colon by up to
80%. The berries are effective at both the initiation and pro-
motion/progression stages of tumor development. Berries inhibit
tumor initiation events by influencing carcinogen metabolism,
resulting in reduced levels of carcinogen-induced DNA damage.
They inhibit promotion/progression events by reducing the growth
rate of pre-malignant cells, promoting apoptosis, reducing param-
eters of tissue inflammation and inhibiting angiogenesis [9].  On a
molecular level, berries modulate the expression of genes involved
with proliferation [33]. Our results also in agreement with other
reports [34], where the effect of different extracts of berries,
including blueberries and raspberries on cell proliferation of colon
cancer cells HT29, was  investigated. The extracts decreased the
proliferation of both colon cancer cells HT29, and the effect was
concentration dependent. The inhibition effect for the highest con-
centration of the extracts varied 2–3-fold among the species, and it
was in the ranges of 46–74% (average = 62%) for the HT29 cells. The
correlation might indicate a synergistic effect of polyphenols and

other substances [34]. Exactly the same data were obtained by the
cells experiment and by the interaction of the berry extract with
BSA, showing that it can be comparable with quercetin. Stomach,
and colon cancer cells were treated with berry extract and with
HCl and ascorbic acid solutions of the same pH. A dilution of 7.5%
ascorbic acid solution, of the same pH and slightly higher antioxi-
dant concentration than the berry extract, killed less than 10% of the
stomach and colon cancer cells. In contrast, the berry extract at this
same dilution killed more than 90% of these cells [35]. Our results
are in accordance with the report on antiproliferative activity [36]
against human cancer cell lines of five different berries, where the
total phenolic content ranged from 133.0 to 260.3 mg  GAE/100 g
FW.  Significant correlation between total phenolics content and
radical scavenging activity was  observed. All examined juices
showed antiproliferative activity in dose-dependent manner with
IC50 ranging from 10.2 to 70.5 �g/ml, and this was similar to
our results. The EtOH extract protects against oxidative stress [1],
reducing the concentration of the MDA  (a lipid peroxidation index),
and in our case was used DMSO extract, which showed high antioxi-
dant activities. Extracts obtained at higher temperatures from black
currant showed a stronger inhibition of proliferation of HT-29 cells
than extracts obtained at lower temperatures. This may be due
to the decomposition of complex polyphenols at higher temper-
atures, making them more accessible to the cells [37]. The hexane
extracts of the Jamaican rubus spp. demonstrated moderate COX
inhibitory activity (27.5–33.1%) at 100 �g/ml, and exhibited the
greatest potential to inhibit cancer cell growth, inhibiting colon,
breast, lung, and gastric human tumor cells by 50, 24, 54 and
37%, respectively [24]. Our results correspond also with the data
of polyphenols in blueberries. The dried extracts and fractions
were added to the cell culture medium to test for antiprolifer-
ation activities and induction of apoptosis. Flavonol and tannin
fractions resulted in 50% of inhibition of cell proliferation at con-
centrations of 70–100 and 50–100 �g/ml in HT-29. The phenolic
acid fraction showed relatively lower bioactivities with 50% inhi-
bition at 1000 �g/ml. These findings suggest that blueberry intake
may  reduce colon cancer risk [38], what was  shown in our exper-
iment. Our data are in connection with the conclusion that the
overall outcome on cell fate is reflected by an inhibition of cell
proliferation, cell cycle arrest in the G1 phase and reduction of
the cells’ migratory potential due to actin cytoskeleton disorga-
nization. Our data support the idea that quercetin has a wide
array of biological effects that are considered beneficial to health
treatment, mainly as anticancer. A drug delivery methodology was
proposed to study a new quercetin release system. This is in con-
nection that quercetin is one of the flavonoids found in berries
[39].

4. Conclusions

The results of this study demonstrate that the studied berries
possess antiproliferative properties and correlate with their
antioxidant levels. The bioactivity of Chilean ‘Murtilla’ berries is
significantly higher than the bioactivity of other studied samples,
however this index in the ‘Murtilla-like’ berries is comparable
with blue and raspberries. Fluorescence emission system of BSA
was  studied with increased concentrations of flavonoids and berry
extracts and increased duration of reaction time. The interaction
between polyphenol extracts of ‘Murtilla-like’ and BSA showed that
the new kind of berries has a strong ability as other studied berries
to decrease the intrinsic fluorescence of BSA. The analytical meth-
ods such as fluorescence and FTIR spectroscopy which were used
in this study can be applied in any system as an additional tool for
its identification, such as drug delivery system to control quercetin
releasing for cancer chemotherapy and others.
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