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Antioxidant Levels and Inhibition of Cancer Cell Proliferation in
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The effects of extracts from five cultivars of strawberries on the proliferation of colon cancer cells
HT29 and breast cancer cells MCF-7 were investigated, and possible correlations with the levels of
several antioxidants were analyzed. In addition, the effects of organic cultivation compared to
conventional cultivation on the content of antioxidants in the strawberries and strawberry extracts on
the cancer cell proliferation were investigated. The ratio of ascorbate to dehydroascorbate was
significantly higher in the organically cultivated strawberries. The strawberry extracts decreased the
proliferation of both HT29 cells and MCF-7 cells in a dose-dependent way. The inhibitory effect for
the highest concentration of the extracts was in the range of 41-63% (average 53%) inhibition
compared to controls for the HT29 cells and 26—56% (average 43%) for MCF-7 cells. The extracts
from organically grown strawberries had a higher antiproliferative activity for both cell types at the
highest concentration than the conventionally grown, and this might indicate a higher content of
secondary metabolites with anticarcinogenic properties in the organically grown strawberries. For
HT29 cells, there was a negative correlation at the highest extract concentration between the content
of ascorbate or vitamin C and cancer cell proliferation, whereas for MCF-7 cells, a high ratio of
ascorbate to dehydroascorbate correlated with a higher inhibition of cell proliferation at the second
highest concentration. The significance of the effect of ascorbate on cancer cell proliferation might
lie in a synergistic action with other compounds.

KEYWORDS: Ascorbate; dehydroascorbate; phenolics; hydroxycinnamic acids; ellagic acid; flavonol;
anthocyanin; cancer cell proliferation; correlation

INTRODUCTION can develop into cellular hyperproliferation and cancer. The

Many epidemiological studies have shown that a higher anticarcinogenic effect o_f the phytochemicals_ m_ight alsc_) _be
consumption of fruit and vegetables is associated with the exerted _by oth_er mechanisms than by the|rant|QX|dant activity,
prevention of chronic diseases such as diabetes, heart diseas@Uch @s induction of cell cycle arrest and apoptdsig) Certain
and certain cancers (2). There has been a growing interest in flavon0|ds_have been shown to |nh|b|t th_e potentla_lly pro-oxidant
understanding the reason for the cancer-protective effect of fruit "zymes lipoxygenase and xanthine oxidase, which can generate
and vegetables and identifying the components with the free radicals §), whereas hydroxycinnamic acids exhibit anti-
anticancer effect. Apart from essential nutrients, fruit and Oxidant activity, preventing lipid oxidation in human systems
vegetables also contain a variety of different phytochemicals (9) and anticancer effects on colon cancEd)(
that can act as antioxidants and prevent oxidation by reactive Strawberries have been shown to exhibit high total antioxidant
oxygen species on cell components and also exhibit other capacity in comparison to many other fruits1lj, and this
bioactive physiological properties. Different antioxidants, such antioxidant activity has been shown to vary among different
as flavonoids, phenolic acids, carotenoids, and ascorbic acid,cultivars (12). There has been an increased interest in strawber-
have been proposed to act anticarcinogenicalys). Oxidation ries because of their relatively high content of ellagic acid, an
of DNA is likely to be an important cause of mutations that antioxidant that has been proposed to exert antimutagenic and
anticarcinogenic effectd8—15). Strawberries also contain other
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Proliferation of cancer cells has been shown to be inhibited the availability at the research station. The strawberries, grown either
by phytochemicals in extracts of strawberries. Among 11 organically or conventionally, were collected from fields situated near
common fruits, strawberries showed a relatively potent anti- €ach other, but still far enough apart that pest control on the
proliferative activity on the growth of human liver cancer cells conventionally grown cultivars did not affect the organically grown
HepG2 (19). Phytochemicals present in extracts of eight cultivars. Five different strawberry cultivars were used in this experi-

. ; . S ment: Pavana, Cavendish, Dania, Korona, and Honeoye. Two of these,
!nvestlgated strawberry cultivars all mh'.b |t9TdIHepGZ cell growth Honeoye and Cavendish, were grown both organically and convention-
in a dose-dependent way, and the inhibitory effects of the

. - S & . ally. One cultivar, Dania, was grown organically, whereas Pavana and
different cultivars were significantly different between those korona were grown conventionally.

showing the highest effects compared to those with the lowest  The organically grown strawberries were cultivated according to the
effects (L7). However, different types of cancer cells might give  following practices: Three weeks before planting, the soil was fertilized
different responses, and no correlation was found between thewith fresh (turkey-chicks) and dried poultry manure (Binadan A/S,
analyzed content of phenolic compounds or total antioxidant Nerre Snede, Denmark), in amounts equivalent to 50 kg of N per
activity and the antiproliferative activity of the extracts of hectare. The manure was broadcasted and harrowed down into the soil.
strawberries or other fruits and berrids(19, 20). Therefore, Further fertilization (0.5 g of N/plant) was supplied in.ApriI.in the
further investigations are needed to elucidate the antiproliferative "©VS using the dried poultry manure and aiso later using Vinasse, a

roles of different phytochemicals in strawberries against cancer 2YProduct from the production of yeast (Jastbolaget AB, Rotebro,
cell growth Sweden) and the dried poultry manure. The strawberry plants were

. . . . . . planted either in holes in biodegradable plastic mulch or in bare soil.
There is an increasing interest in a healthier and more The yeeds were removed by hand. The pest control was conducted by
environmentally friendly production method for strawberries. spraying with Bioruiskute S (Kemira Agro OY, Helsinki, Finland), at
Today, organic production is not one cultivation method, but a concentration of 0.5% (v/v), in amounts of approximat2IL per
many, which are characterized by restrictions against the usehectare, starting in May and also later during the season. The active
of synthetic pesticides and synthetic fertilizers, although the substance in Bioruiskute S was pyrethrine, and the preparation did not
detailed regulations of what can be called organically cultivated contain piperonylbutoxide, which is not allowed in organic farming in
vary. Different organic fertilizers can be applied, and different Sweden. _ _ 3 _
methods can be used for removal of weeds and reduction of The conventionally grown strawberries were fertilized with 400 kg
pathogenic attacks. Nevertheless, consumers today buy productgf NPK fertilizer (11/5/18 plus micronutrients) per hectare before

N . . s planting, equal to 44 kg of N per hectare, or 0.75 g per plant, as about
that are Iabeled_ organically Cul_tlvated In stores, and_ many approximately 50% of the area was covered with plants. An additional
expect the quality to be superior to that of conventionally

. . 300 kg of NPK fertilizer, equal to 33 kg of N per hectare, or 0.6 g per
cultivated products in terms of contents that make the products pjant, was supplied later. The plants were planted in bare soil and in

healthier (21,22). Previous investigations have indicated that matted rows with a width of 30 cm. The weeds were removed by hoeing
the content of ascorbic acid might be higher in organically by hand, and the soil was then covered with straw. The pest control
cultivated fruit and vegetableg3, 24). Results concerning the  was conducted by spraying with Gusathion WP containing the active
content of phenolic compounds in fruit and berries cultivated substance azinphosmethyl (Makhteshim-Agan Holland B.V.) at a dose
conventionally versus those cultivated organically have been f 1.0 kg per hectare for control of insects. For control of gray mold,
conflicting. A higher content of total phenolics was found in the plants were first sprayed with Teldor WG 50 containing the active
marionberries and strawberries grown sustainably or organically SUPstance phenhexamide (Bayer AB, Bayer CropScience) at a dose of
than in those grown conventionallg). Total phenolics and 1.6' kg per hectar'e, and the second time with Rovral containing the
ellagic acid contents were higher in one of three investigated active substance iprodion (BASF AB) at a dose of 0.8 kg per hectare,

- : ) followed later by an additional application of Teldor WG 50 at a dose
organically grown strawberry cultivard§), whereas inyellow  f 1 6 kg per hectare.

plums grown conventionally and organically, the results were  The strawberries were harvested at commercial ripeness and, as soon

conflicting concerning the content of the different phenols)( as possible on the harvest day, were frozer-26 °C and, shortly

No consistent results were found when the flavonol content was thereatfter, stored at80 °C, before use in an analysis of the antioxidant

compared in black currrant®27). Because the contents of content or cancer cell proliferation experiments. The strawberries from

antioxidants and other secondary metabolites have been showiihe different cultivars and cultivation practices were collected at random

to vary in response to different environmental conditions such in the fields. From each composite sample of each cultivar and

as temperature, water availability, pathogenic attack, and cultivation method, four sub_samples_ were extracted |nde_pendently._ All

nutrients 8, 29) and because the different cultivation systems samples were treated consistently, independently of cultivar or cultiva-
= o . tion method.

could result in different growth conditions, it would be expected

hat th Id d aff h its in th Preparation of Extracts. Each sample of berries was homogenized
that these parameters could vary and affect the results in t €with an Ultraturrax apparatus (IKA T8) in ethanol—water with 50 mM

different investigations. Increasing numbers of investigations p,pq, so that the final proportion of ethanol and water was 1:1
would show which responses are the most common in the two including the freshwater content in the strawberries [approximately 20
cultivation systems. g of fresh weight (FW) per 40 mL of solvent]..Nvas blown through

In the present investigation, the effects of extracts from the extraction solution for 5 min, and the tubes were thereafter sealed
different cultivars of strawberries on the proliferation of colon and placed in darkness and shaking atG for 20 h for further
cancer cells HT29 and breast cancer cells MCF-7 were studied,extraction. The samples were centrifuged at 1200@0°C, for 10 min.
and possible correlations with the different levels of several Aliquots of the supernatants were stored-&0 °C before analysis by
antioxidants in the cultivars were analyzed. In addition, the HPLC or use for cancer cell prqllfergtnon tests.
effects of cultivation system on the content of antioxidants in The extracts used for cell proliferation tests were evaporated to near

the st berri Il as the effects of the st b tract dryness under Nand dissolved in 50% ethanol.
€ strawberries as' we _as ee 90 S 0. € strawberry extracls “cancer cell Proliferation Studies.Human colon cancer cells HT29
on cancer cell proliferation were investigated.

and estrogen-receptor-positive breast cancer cells MCF-7 were obtained
from the American Tissue Culture Collection (Rockville, MD). The
MATERIALS AND METHODS cells were incubated for 24 h at 3T in an atmosphere of 95% air/
Plant Material. All strawberries were grown at Ranna research 5% CQ. The cancer cells were cultured as in Bff. Effects on the
station (58°27'N, 13°51' E), Swedish University of Agricultural cell proliferation rate were determined by the ability of the cells to
Sciences, in Sweden. The selection of cultivars was determined from cleave the tetrazolium salt WST-1 (Roche Diagnostics, Mannheim,
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Germany) to formazan (31), a measure of mitochondrial activity. In A . 0.025 %
brief, 2 x 10* cells in 0.2 mL of medium were plated in the wells of 0.05 %
a 96-well microplate and incubated for 24 h for attachment. The medium Colon cancer cells HT29 ] 025%
was then replaced with 0.2 mL of new medium before the fruit or berry 140 a a a B2 0.5%
extracts were added. Four different concentrations of the extracts wereg
used: 0.025%, 0.05%, 0.25%, 0.5% of plant dry matter of total weight € "]
in the wells (weight approximated to be equal to the volume in the 2 ;4
wells, i.e., 200uL). An equal amount of solvent (50% ethanol) was
added in the control wells. After 24 h of incubation,/0of the reagent
WST-1 was added, and the samples were then incubated ffiofor
HT29 cells and for 3 h for MCF-7 cells. The formation of formazan
was determined photometrically at 492 nm against 620 nm as the = 40+
background by a microplate reader (Bio-Rad). Three replicates were 5
used for each extract, and the proliferation tests were repeated on thres(—?j
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Analysis of Antioxidants. The samples for ascorbate, about 1.0 g, \\,‘,& e Qg:*‘ @ 0(0@ 42»0 &0‘\9 Stcrjlx:::rrsw
were homogenized with an Ultraturrax apparatus (IKA T8) in dim green * F o Ll © <\<§~°° <F
light in a darkroom and extracted in 10 mL of 1.5%phosphoric acid. <
The samples were centrifuged at 16 50@g 5 min at 4°C. The
supernatant was filtered through asGep-Pak column. The first 3 B Il 0.025%
mL was discarded, and an aliquot of the following 1 mL was used for Breast cancer cells MCF-7 0.05%
analysis by HPLC, as in re30, using the method as in ré2, with 160 . % g-gi%

a r ‘o

minor modifications: the solvent concentration was changed to aceto- 5 1)
nitrile/15 mM NHH:PO, 75:25, pH 3.9. The peak of ascorbate in the £

samples was identified by comparing the retention time and spectral 8 ]
data with an ascorbate standard. The dehydroascorbate concentratio’a 1gq
was determined by subtracting the ascorbate concentration from thez®
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procedure (33).

The flavonols, non-cell-wall-bound hydroxycinnamic acids, and free
ellagic acid were analyzed by modified methods of Madhavi et al. and
Schieber et al.34, 35). The ethanetwater extracts were evaporated
with Nz until near dryness and redissolved in water before three
additional extractions with ethyl acetate. The ethyl acetate extract was
evaporated to dryness and redissolved in DMSO/MeQ8/E5:10: ﬁb
15. Samples were then centrifuged at 109@0 5 min before analysis o
on a Kontron HPLC system, equipped with a diode-array DAD440 Figyre 1. Effects of strawberry extracts on proliferation of cancer cells:
detector. The mob_ile ph'ase was a linear binary gradient with solvent (A) colon cancer cells HT29, (B) breast cancer cells MCF-7. Results are
A [1% (vlv) acetic acid and 5% (v/v) MeOH] and solvent B presented as means + SD based on three independent replicates for

A X i
[acetonitrile/5% (v/v) MeOH] at a flow rate of 1 mL/min. A Phenom each extract, and the proliferation tests were repeated on three different

enex Luna 5um, 150 x 4.6 mm C18 column with a Phenomenex . S L )
Security Guard C18 precolumn was used. Detection was carried out at?¢casions (’_7 = 9). Means mark(_ad ‘_N_'th dlffergnt letters, within each cultivar
254, 320, and 370 nm. Evaluation was performed with a Kromasystem and cultivation method, were significantly different (p < 0.05).
2000, using retention times and spectral data as compared to standards.

In addition, to estimate the total amount of ellagic acid after Presented are the meanstandard deviation (SD). All measurements
hydrolysis, the strawberries were extracted (approximately 500 mg of of cancer cell proliferation were conducted with three independent
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freeze-dried strawberries in 20 mL of 50% methanol) as irB6efThe samples for each concentration of extract and for each cell line, and
samples were heated to 85 for 2 h in 0.6 M HCl and.15% ascorbic the experiments were repeated on three occasions. The data were
acid. Samples were then centrifuged at 1@pG6r 5 min. The subjected to a one-way analysis of variance (ANOVA), and the level

supernatant of each sample was diluted with distilled water to twice of significance used was < 0.05. Results were analyzed with Origin
the volume, placed on a Seppak C18 column, and eluted with 1.4 mL Software (Microcal Software Inc., Northampton, MA). Correlations
of methanol before analysis on an Agilent 1100 HPLC system (Agilent petween the levels of the different antioxidants and the cancer cell
Technology), equipped with a diode-array detector. The mobile phase proliferation inhibition by the extracts were calculated by Pearson

was a linear binary gradient with solvent A [50 mM acetic acid and correlation using Minitab Statistical Software (Minitab Inc., State
5% (v/v) acetonitrile] and solvent B [acetonitrile/5% (v/v) MeOH] at  college, PA).

a flow rate of 1 mL/min. A Phenomenex Lunaubn, 150 x 4.6 mm

C18(2) column with a Phenomenex Security Guard C18 precolumn

was used. Detection was carried out at 254 nm. Evaluation was RESULTS
performed with a Chemstation A09.03 software (Agilent Technology),

using retention times and spectral data as compared to standards. Inhibition of Cancer Cell Proliferation. The strawberry
Anthocyanins were analyzed by HPLC as in 8&f. Pelargonidin- extracts decreased the proliferation of both colon cancer cells

3-glucoside was used as the standard. Total phenolics were quantifiedHT29 and breast cancer cells MCF-7 (Figure 1). The different

according to the FolinrCiocalteu method: 0.1 mL of ethanelvater cultivars inhibited proliferation to different extents. The HT29

extract (0.5 mg of FW/mL) was mixed \:’Vith 0.2 mL of FotitCiocalteu cells were, on average, inhibited to a higher degree than the
reagent, 2 mL of KO, and 1 mL of 15% N£COs in a cuvette. After  \McE7 cells, The inhibitory effect for the highest concentration

2 h at room temperature, the samples with the reagents were measure%f the extracts varied 2-fold among the cultivars, and it was in
in a spectrophotometer at 765 nm. Gallic acid was used as the standard ’

and total phenolics are expressed as milligrams per gram of gallic acid (€ range of 4+63% inhibition compared to controls (average

equivalents for triplicate samples. 53%) for the HT29 cells and 2666% inhibition (average 43%)
Statistics. All values of antioxidants were based on three to four for the MCF-7 cells. The inhibition of proliferation was

independent replicate samples for each strawberry cultivar. The resultsconcentration-dependent, although there was no significant
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Table 1. Effect on Proliferation in Colon Cancer Cells HT29 and Table 2. Contents of Ascorbate, Dehydroascorbate, and Vitamin C
Breast Cancer Cells MCF-7 of Addition of Extracts from Organically (Ascorbate Plus Dehydroascorbate) and Ratio of Ascorbate to
and Conventionally Cultivated Strawberries Dehydroascorbate in the Investigated Strawberry Cultivars
extract conc@ cultivar(s)? HT29¢d MCF-7¢¢ cultivara AAbc DHA®Pe vit CP AA/DHA
0.5 all conv 50.3*** 62.1%** Pavana 4.56 +£0.29 0.33+£0.10 4.89+0.34 14.6
0.5 all org 40.0 46.9 Korona 3.61+£0.21 0.52 £0.08 4.13+0.27 7.0
0.5 Cav conv 51.3* 74.4% Cavendish 482+0.23ns? 047+018ns? 529+036ns? 11.6ns?
0.5 Cav org 41.7 51.8 Honeoye 3.80+0.19%d 056+ 0.14*d  436+008*d  70*d
0.5 Hon conv 48.1* 57.1* Cavendish O 4.67 +0.20 0.22 +0.07 4.87+0.17 23.3
0.5 Hon org 41.4 44.8 Honeoye O 5.17+0.22 0.11£0.07 5.28 £0.22 57.0
0.25 all conv 70.2%** 81.8*** Dania O 5.63 £ 0.26 0.34+£0.19 597+0.19 21.8
0.25 all org 57.2 70.2
0.25 Cav conv 70.0 ns 90.4 ns

a Strawberry cultivars followed by the letter O were organically grown, and all
8%2 ﬁﬁx zggnv ?gg** ;gg* others were conventionally cultivated. ? Results are expressed as means + SD in
0.25 Hon org 575 66.0 mg/g of DW based on three to four independent replicate samples. ¢ AA =ascorbic
acid, DHA=dehydroascorbic acid. ?Values from organically cultivated Cavendish
and Honeyoe were compared with conventionally cultivated Cavendish and
Honeyoe, and the significance is denoted as follows: * p < 0.05; **, p < 0.01;
*** p < 0.005; ns, not significantly different at p < 0.05.

@ Concentration of the extracts used in the growth medium in terms of percent
of plant dry matter of total weight in the wells (weight approximated to be equal to
volume in the wells). ? Investigated conventionally grown cultivars were Pavana,
Korona, Cavendish, and Honeyoe, and organically grown cultivars were Cavendish,

Honeyoe, and Dania. All conv = all conventionally grown cultivars, all org = all Table 3. Contents of Ellagic Acid, Hydroxycinnamic Acids, and Total
organically grown cultivars, Cav conv = Cavendish conventionally cultivated, Cav Phenolics in the Investigated Strawberry Cultivars

orgl— Cavendish o_rgamcally cultlvatgd, Hon .conv = Honeyoe conventionally cultivar? ellagic acid? HCAE flavonols?  total phenolics®
cultivated, Hon org = Honeyoe organically cultivated. ¢ Values are expressed as

percent of controls and are the means of three replicates that were repeated three Pavana 63.0+05 348+6.9 66.7+18 11.7+0.2
times for each investigated cultivar (n = 9). ¢ Significance: *, p < 0.05; *, p < Korona 1239+08  54.0+95 332+57 136£01

Cavendish 702+ 1.0"* 127.1+49.4ns 93.7+149* 19.7 £ 0.4%+*
Honeoye 140.6 £2.9** 512+6.6ns 440x14ns 142x0.1%
Cavendish O 109.0+0.8 163.8 £31.9 55.1+8.0 228+0.1
Honeoye O  127.7+1.0 57.3+40.1 443+26 125+0.2
difference between the two lowest concentrations, 0.05% and Dania O 1215+08 28521 85.9+4.9 206+1.0
0.025%, with the exception of the extract from cv. Pavana for
the HT29 cells. For the MCF-7 cells, there was a significant @ Strawberry cultivars followed by the letter O were organically grown, and all
difference in the inhibition of the proliferation between the three others were conventionally cultivated. * Values are expressed in g/g of DW and
highest concentrations (0.5%, 0.25%, and 0.05%) for all of the are the means + S.D 02 three to four independent replicate samples. CHCAé
organically grown cultivars, whereas for the conventionally hydroxycinnamic acids. ?Values are expressed as means + SD in mg of gallic
f ! S . acid equivalents/g of DW. € Values from organically cultivated Cavendish and

tgl’: Ovt\x CLJ_ItI\t{larSt, there V\;ast.only %Sslg/nlflcgrg gg]:;re?:ce glew:'e_rezng Honeyoe were compared with conventionally cultivated Cavendish and Honeyoe,

(TI c;] Ighes Con(_:en_fr_a 'On(sj_(ﬁ‘ o anc ; _O)H_b_o_r ef N and the significance is denoted as follows: * p < 0.05; *, p < 0.0L; ** p <
cells, there was a significant difference in the inhibition of the g 405 s ot significantly different at p < 0.05.
proliferation between the three highest concentrations (0.5%,
0.25%, and 0.05%) for all of the cultivars and cultivation
systems, with the exception of cv. Kororgidure 1).

The extracts from the organically grown strawberries inhibited

0.01; ** p < 0.005; ns, not significantly different at p < 0.05. All conv were
compared with all org, Cav conv with Cav org, and Hon conv with Hon org.

The mean dry weight content of all of the organically grown
cultivars (11.7%) compared to the mean dry weight content of

1 I 0,
cancer cell proliferation of both HT29 and MCF-7 to a all of the conventionally grown cultivars (12.1%) was not

o . A - significantly different.

significantly higher extent at the two highest concentrations, o )
0.5% and 0.25%, than the conventionally grown strawberries _Antioxidants in the Strawberry Extracts. There were great
(Table 1). The growth inhibitory effect was significant at these différences in the contents of the analyzed antioxidants among
concentrations when the inhibition effect of all organically the investigated cultivars gnd CL_JItlvatlon_ methods. The content
grown cultivars was compared with that of all conventionally Of @scorbate was 48% higher in the highest ranking cultivar
grown cultivars. The effect was also significant at these two COMPared to the lowest, and the content of dehydroascorbate
concentrations of extracts when the organically grown cultivar Was S-fold higher (Table 2). The ratio of ascorbate to dehy-
Honeoye was compared with conventionally grown Honeoye droascorbate varied 8-fold among the cultivars and cultivation
and when the organically grown cultivar Cavendish was Methods.
compared with conventionally grown Cavendish, with the  The contents of total phenolics, ellagic acid, and flavonols
exception of the concentration 0.25% for cv. Cavendish, where varied 2-fold among the cultivars, whereas the content of
the significance wap = 0.07. At the two lower concentrations, ~hydroxycinnamic acids varied almost 6-foldable 3). The
0.05% and 0.025%, no significant difference was found between levels of total anthocyanins varied 16-fold among cultivars
the inhibitory effect on cancer cell proliferation of the extracts (Figure 2).
from the conventionally grown or organically grown strawberries ~ When the organically grown strawberry cultivars as a group
(values not shown). The three cultivars that had been grown were compared to the conventionally grown cultivars, the levels
organically, Dania, Honeoye, and Cavendish, had the highestof each antioxidant in the group grown organically were higher
inhibition effect on cell proliferation of both HT29 and MCF-7 in all of the investigated antioxidants, although not always
at the extract concentrations 0.5% and 0.25% dry weight (DW) significantly (Table 4). The contents of ascorbate and vitamin
(Figure 1). C (ascorbate plus dehydroascorbate) and the ratio of ascorbate

Dry Weight Determinations. There were differences inthe to dehydroascorbate were significantly higher in all of the
ratio of dry weight to fresh weight between cultivars, ranging organically grown cultivars as a group compared to all of the
from 9.0% to 15.0%, with an average of 11.9% for all cultivars. conventionally grown cultivars. The same was true for cv.
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Figure 2. Contents of anthocyanins in the different strawberry cultivars
and cultivation methods. Results are presented as means + SD based
on three to four independent replicate samples.

Table 4. Content of Antioxidants in Conventionally and Organically
Grown Strawberry Cultivars

compound(s) cultivars? concbe
AA all conv 4. 19%**
AA allorg 5.15
DHA all conv 0.47%
DHA allorg 0.22
AA/DHA all conv 10.0%**
AA/DHA all org 34.0
ellagic acid all conv 99.4 ns
ellagic acid allorg 1194
flavonols all conv 59.4 ns
flavonols allorg 61.8
HCA all conv 66.8 ns
HCA allorg 83.2
total anthocyanins? all conv 3.96 ns
total anthocyanins? allorg 5.18
total phenolics® all conv 14.8*
total phenolics® all org 18.6

2 |nvestigated conventionally grown cultivars were Pavana, Korona, Cavendish,
and Honeyoe, and organically grown cultivars were Cavendish, Honeyoe, and Dania.
All conv = all conventionally grown cultivars, all org = all organically grown cultivars.
bvalues are expressed in mg/g of DW for AA (ascorbic acid) and DHA
(dehydroascorbic acid) and in xg/g of DW for the others (except for AA/DHA and
total phenolics), and the values are the means of three to four independent replicate
samples for each cultivar. ¢ Significance: *, p < 0.05; *, p < 0.01; ** p <
0.005; ns, not significantly different at p < 0.05. All conv were compared with all
org. ?Pelargonidin-3-glycoside was used as the standard. € Values are expressed
in ug of gallic acid equivalents/g of DW.

Honeoye, grown both organically and conventionally, but not
for cv. Cavendish. Total phenolics were higher in all of the
organically grown cultivars as a group compared to all of the
conventionally grown cultivars. The same was true for cv.
Cavendish, grown both organically and conventionally, but in
cv. Honeoye, total phenolics were higher in the conventionally
grown strawberries.

For cv. Cavendish, the levels of ellagic acid, HCA (nonsig-
nificantly), total anthocyanins, cyanidin and pelargonidin, and
total phenolics were higher, whereas flavonols were lower in
the organically cultivated strawberries than in the conventionally
cultivated strawberries. In cv. Honeoye, the level of HCA
(nonsignificantly) was higher, and the levels of ellagic acid,
total anthocyanin, cyanidin, pelargonidin, and total phenolics
were lower in the organically grown strawberries than in the
conventionally grown strawberries (Table Bigure 2).

Olsson et al.

Table 5. Correlations of Analyzed Compounds and Effects on
Proliferation in Colon Cancer Cells HT29 and Breast Cancer Cells
MCF-7

HT 29 MCF-7
compound(s) extract conc? rb p rb p
AAC 0.5 —0.82* 0.025 -0.53 0.23

0.25 —-0.66 0.11 -0.70 0.08
DHAd 0.5 0.68 0.094 0.65 0.12
0.25 0.59 0.15 0.68 0.09
vitamin C 0.5 -0.76* 0.046 -0.44 0.33
0.25 -0.60 0.15 —-0.62 0.14
AA/DHA 0.5 -0.59 0.16 —-0.67 0.10
0.25 —0.61 0.15 -0.75* 0.05
ellagic acid 0.5 -0.17 0.72 -0.60 0.16
0.25 -0.44 0.33 -0.46 0.30
HCA 0.5 —-0.003 1.0 0.26 0.57
0.25 —-0.004 0.99 0.37 0.41
flavonols 0.5 -0.33 0.46 0.19 0.68
0.25 —0.068 0.88 0.013 0.98
total anthocyan 0.5 -0.11 0.81 -0.16 0.73
0.25 —-0.38 0.40 0.005 0.99
total phen 0.5 -0.41 0.36 —-0.098 0.84
0.25 -0.43 0.34 —0.035 0.94

@ Concentration of the extracts used in the growth medium in percent of plant
dry matter of total weight in the wells (weight approximated to be equal to volume
in the wells). ? Values denoted with * had p < 0.05. AA = ascorbic acid, DHA =
dehydroascorbic acid.

When extracted and analyzed to maximize the content of total
ellagic acid after hydrolysis, the levels in the strawberry extracts
from the different cultivars were in the range of 100Yg of
DW.

Correlation between the Contents of the Different Anti-
oxidants and Cancer Cell Proliferation. For colon cancer cells
HT29, there was an inverse relationship between the contents
of ascorbate and vitamin C (ascorbate and dehydroascorbate)
and cancer cell proliferation, so the extracts of the cultivars with
the highest concentration of vitamin C or ascorbate inhibited
cell proliferation of HT29 to the highest extent, giving the lowest
proliferation levels Table 5). This effect was significant for
the highest concentration of the extracts (0.5%). For breast
cancer cells MCF-7, the extracts from the cultivars with a high
ratio of ascorbate to dehydroascorbate inhibited cell proliferation
significantly higher at concentration 0.25%, whereas a lower
value of negative correlation with a lower significance level
was found for ascorbate at the same concentration and for
vitamin C at the concentration of 0.5%. For the other investi-
gated antioxidants (including pelargonidin and cyanidin, values
not shown), no other significant correlations could be found
between the content of each antioxidant and the extent of
inhibition of cancer cell proliferation, with two exceptions: For
HT29 cells, a negative correlation was found at the extract
concentration of 0.05 for the content of ellagic agie«—0.78,

p = 0.037), and for MCF-7 cells, a positive correlation was
found at the extract concentration of 0.05 for the concentration
of HCA (r = 0.84,p = 0.017). In addition, for MCF-7 cells,
there was a nonsignificant correlation between the content of
ellagic acid and cell proliferation (concentration 0.5%:=
—0.60,p = 0.16).

DISCUSSION

The association between a higher intake of fruit and veg-
etables and a decreased risk of developing some types of cancer
(2, 5, 37) has been suggested to be attributable to the content
of antioxidants and other secondary metabolites present in plants.
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However, because the number of secondary metabolites in plantdevels of ascorbate and the AA/DHA ratio in fruit of the

has been estimated to be many thousands, it is difficult to

strawberry cultivars Allstar and Honeoye. Further, the content

evaluate which compounds or combinations of compounds exertof glutathione and the ratio of reduced to oxidized glutatione

health-promoting effects. The anticarcinogenic effects of fruit,

(GSH/GSSG) were also enhanced (12).

berries, and vegetables might be exerted in several ways such |n this investigation, the strawberries were collected from field

as suppressing mutagenesis, inhibiting cell proliferation, or
causing induction of apoptosis. In this investigation, the effects
of extracts from several strawberry cultivars, grown in different
cultivation systems, on cell proliferation in two cancer cell types

experiments on the same experimental station, so the strawber-
ries were exposed to similar environmental conditions with

respect to weather and soil type. In many crops, higher

availability of nitrogen by fertilization has led to lower

were investigated. The contents of some major antioxidants wereconcentrations of ascorbic acid in the produ@8)( and this
measured in order to analyze the possible correlation betweenmight have affected the content of ascorbic acid in the

the contents of the different antioxidants and the inhibition of
cancer cell proliferation. The significantly higher inhibition
effect of cancer cell proliferation shown by the organically
cultivated strawberries as a group, but also for the two cultivars
that were grown both organically and conventionally, might

indicate that the content of secondary metabolites with anticar-

cinogenic properties was higher in the organically grown
strawberries.

The levels of all of the analyzed antioxidants were higher,
although not always significantly, in the organically cultivated

strawberries compared to the conventionally cultivated strawber-

ries, and this might be an explanation for the higher inhibition
effect of cancer cell proliferation in the organically grown

strawberries grown in the different cultivation systems in the
present investigation. Apart from the actual amounts of nitrogen
in a given fertilizer, the availability of nitrogen might also be
affected by the presence of mycorrhizzal fungi, by the solubility
of nitrogen from the fertilizer in the soil and its subsequent
leakage from the soil compared to the rate of uptake by the
plants, by soil pH, as well as by other factors (40). A difference
in the availability of nitrogen, and also of other nutrients that
have been shown to influence the contents of other substances
in plants @9), between the organically and conventionally grown
strawberries might therefore have affected the difference in the
contents of antioxidants or other secondary metabolites. Factors
other than the mineral nutrients might have also influenced the

strawberries. A contrasting pattern was shown when the two difference in the contents of antioxidants between the two

cultivars that were grown both organically and conventionally

cultivation systems, such as different responses to pathogen

were compared. In cv. Cavendish, the content of ascorbate wasattacks, but further investigations are needed.

lower (although not significantly) in the organically grown

No correlation was found in the present investigation between

strawberries, and the contents of ellagic acid, anthocyanins, antthe content of anthocyanins or ellagic acid in the strawberry

total phenolics were higher. The opposite was the case in cv.

Honeoye, with a higher concentration of ascorbate in the
organically grown strawberries and lower concentrations of

ellagic acid, anthocyanins, and total phenolics. Nevertheless,

the strawberries from both cultivars that had been grown
organically inhibited cancer cell proliferation to a higher extent
than those from conventionally grown strawberries, which might
indicate that several antioxidants are involved in the antipro-

liferative effect and that the concentrations are exchangeable.
It might also indicate that other substances apart from the

investigated antioxidants might be important.

The levels of ellagic acid were somewhat lower than was
found in a previous investigatiod §). Variation in the contents

extracts and inhibition of cancer cell proliferation, despite
previous reports of antiproliferative activity of pure anthocyanin
compounds (41) and pure ellagic ac#t®]. This is accordance
with several other reported effects of extracts of strawberries,
raspberries, and other fruits and berries, where no correlation
has been foundi(, 19, 20, 30). This might be due to additive

or synergistic effects of several compounds that might be
interchangeable.

The correlation found between high contents of ascorbate and
vitamin C and a high inhibition of proliferation of colon cancer
cells HT 29 at the highest extract concentration of 0.5% and
breast cancer cells MCF-7 at 0.25% (although not significantly;
r = —0.70,p = 0.08 for AA) is in accordance with previous

between seasons as well by different analytical methods mightresults when the effects of extracts of 10 different fruits and
have affected the results, but comparisons between the cultivarsserries on the proliferation of the same types of cancer cells

in this investigation should not be affected. When the content

of ellagic acid after hydrolysis was analyzed as a comparison,

the levels found were much higher. During digestion in the acid
environment in the human stomach, a fraction of the ellagitan-
nins is probably hydrolyzed to free ellagic acid, which is
possibly absorbed (38). The bioavailability of ellagic acid in
humans, however, is not known. Therefore, ellagic acid might
have a larger impact on cancer cell proliferation than found in
this investigation.

There was a large difference in the ratio of ascorbic acid to
dehydroascorbic acid (AA/DHA) between the organically and
conventionally grown cultivars: In all organically grown
cultivars, the ratio was more than 3 times higher; in Cavendish,
it was 2 times higher (although not significantly); and in
Honeoye, it was 8 times higher in the organically grown
strawberries. This fact is striking and might indicate that there
is a more favorable antioxidant status in the organically grown

were investigated30). When the effects of pure ascorbate at
levels similar to those found in the fruit and berry extracts were
investigated, the same effects as for the extracts were not found,
so the effects could be exerted by synergistic action with other
compounds30), and this might also be the case in the present
investigation. Vitamin C is present in relatively high levels in
human tissues and blood plasma, and it might therefore be
important in regulating the redox status of other antioxidants
as well. Ascorbic acid in blood plasma has been shown to have
the highest correlation with fruit and vegetable intake, and
epidemiological investigations support a protective role of
vitamin C against several cance#3(-45). However, lately,
vitamin C has been reported to exhibit a pro-oxidant role in
vivo. Markers of DNA damage mediated by the reactive oxygen
species 8-oxoguanine (80HG) and 8-oxoadenine (BOHA) were
analyzed after supplementation of 500 mg of vitamin C to diets.
An increase in the levels of 80OHA and a decrease in the levels

strawberries, but the issue needs further investigation. Theseof 8OHG were found46,47), but the physiological significance
results are in accordance with a previous investigation where of these contradictory changes is not understet).(In vitro
compost as a soil supplement was found to significantly enhanceinvestigations of effects of ascorbic acid or derivatives of
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ascorbic acid on cancer cell proliferation have shown various
results or no effect49, 50). The significance of the effect of
ascorbate on cancer cell proliferation might therefore involve a
synergistic action with other compounds.

Different cultivars of strawberries have previously been
shown to inhibit proliferation of another human cancer cell type,
liver cancer cells HepG2L{), and in the present investigation,
the dose-dependent inhibition of cell proliferation was confirmed
in two other cancer cell lines, colon cancer cells HT29 and breast
cancer cells MCF-7. The varying magnitude of the inhibition
effects of the extracts of the different strawberry cultivars on
cancer cell proliferation indicates that there is a potential to select
cultivars for health-promoting properties as components in food
products and that factors in organic cultivation might be helpful
in elucidating which compounds exhibit the antiproliferative
activity against cancer cell growth.
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