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ABSTRACT

The present study was carried out to evaluate the anticancer activities of
strawberry (Fragaria x ananassa) fruits extracts. The methanolic (80%) extract was
evaporated to dryness, the residue (crude extract) (CE) was fractionated by using
different solvents producing, ethyl acetate fraction (EAF) and butane fraction (BUF).
Completely maturated fruits moisture, sugars, fiber, pH value, vitamin C and minerals
including K, P, Ca, Mg and Na were measured and the values established as , 88.9%
,6.2% , 2.2 % , 4.2, 60 (mg/100g), 160 (mg/100g), 23 (mg/100g), 22 (mg/100g), 12(
mg/ 100g), and 3 (mg/100g) respectively. EAF extract contained 43.13%, 43.15% and
2.33% from phenols, flavonoids and anthocyanins respectively, while, BUF extract
which contained 37.34% ., 44.64% and 2.21% respectively, and CE extract contained
26.19%, 21.92% and 0.13% respectively . The results revealed that all extracts of
strawberry fruits were the most effective as anticancer agent since then activity
ranged from 70.1 to 81.7 % at concentration of 10 pug/ml .

INTRODUCTION

In recent years, increasing attention has been paid by consumers to
the health and nutritional aspects (vitamins content, mineral elements,
antioxidants, etc.) of horticultural products (Scalzo et al., 2005). Fruits and
vegetables are known lately to strongly contribute in reducing risks of
diseases of various etiology as cancer and heart stroke. This fact is attributed
to the large amounts of antioxidants they contain (Kris-Etherton et al. 2002
and Hakkinen et al., 1999). Phenolic compounds are a group of biologically
active molecules present as metabolites in plants. The interest for these
natural compounds has increased in the last years due to their antioxidative,
and anticarcinogenic activity and relationship to human health. It has been
demonstrated that some health benefits of food depend on the presence of
these antioxidants, which occur in fruits and vegetables in general. In this
study, strawberries were used as sample due to the fact that a number of
phenolic compounds have been detected in berries conferring them
antioxidative and anticarcinogenic properties (reviewed in Hannum, 2004).
Antioxidant compounds are produced by the plant to protect the cell against
the attack from other cell chemical species as free radicals and reactive
oxygen species. Free radicals are constantly produced by the cell metabolism
(Benavente-Garci’'a et al., 1997). Phenolic compounds contain aromatic
ring(s) bearing hydroxyl group(s) and can range from simple molecules to
very large oligomers. They frequently occur naturally in glycosylated forms,
which make them more water-soluble although the higher molecular weight
oligomers are more insoluble (Bravo, 1998). Phenolic compounds are
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abundant in highly colored fruits, and due to their popularity and high
consumption, these fruits serve as one of our most important dietary sources
of phenolics ( Williner, et al., 2003). Strawberries contain high levels of
antioxidant compounds such as anthocyanins, flavonoids, and phenolic acids,
which provide protection against harmful free radicals. Antioxidants have also
been associated with lower occurrences and mortality rates due to cancer
and heart disease as well as offering a number of other health benefits
(Wang and Zheng, 2001). In fact, polyphenolic compounds of plants are well
known as exhibit contrasting pharmacological actions, such as prooxidant
activity and the induction of cell death (Lapidot, et al., 2002). In this regard,
cell culture is a powerful technique for studying physiological, biochemical
and toxicological processes modulated by pure phytochemicals in vitro (Glei
et al. 2003). HepG2 cell line has been widely used in biochemical and
nutritional studies because it is considered one of the experimental models
that more closely resembles the human hepatocyte in culture (Ramos, et al.
2005). In addition, steady-state functioning of the antioxidant defenses in
HepG2 is relatively higher than in hepatocytes and other non-transformed
cells. Therefore, variations in the responses to different conditions are more
easily detected (Alia, et al., 2005).

The present works takes into consideration the use of strawberry
extracts as the source of phenolic compounds especially flavonoids to
evaluate their activities as anticancer agents. Also, separation and
identification on some chemical components of different fractions (ethyl
acetate fraction and butane fraction ) from each methanolic extracts and its
effects as anticancer were studied.

MATERIALS AND METHODS

Materials:

Fresh strawberry (Fragaria x ananassa) fruit was obtained from the
Strawberry and Now Traditional Crops Improvement Center. Faculty of
Agriculture. Ain Shams University.

Extractions:

- Methanolic extract ( crude extract CE): Fresh strawberry fruits were washed
and freeze dried immediately. Then the dry materials were ground, The
powdered strawberry were macerated in methanol 80% (1:3 w/v) for 24h .
The methanolic extracts were filtered and evaporated to dryness under
vacuum, the residue was named crude extract (CE).

- The crude extracts (CE) were dissolved in distilled water and them
partitioned with ethyl acetate ( 6 times x 200). The ethyl acetate layers
dehydrated with Na2SO4 and evaporated to dryness. The residue were
named ethyl acetate fraction (EAF). The remaining water layer then were
partitioned with n — butanol (6 times x 200ml). The butanol layers
dehydrated with Na2 SO4 were evaporated to dryness . The residues were
named butanol fraction (BUF).

Chemical analysis:

— Moisture, sugars, minerals, vitamin C and fiber contents were determined using
the methods described by AOAC. (2005).
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— pH values were measured according to Ling (1963) using digital pH meter,

- Total phenol content was determind by colorimetric method of Shahidi and
Naezk (1995).

- Total flavonoids contents were determined by the aluminum chloride
colorimetric assay according to Marinova et al. (2005).

- Proanthocyanidins content was determined according to the methods of
Bahorun et al. (1994).

Anticancer activity (sytotoxicity activity) against tumor cell lines

(HEPG2):

Cytotoxicity was determined in National Cancer Institute. Cairo Univ,
according to the method described by Skehan and Streng (1990).

HPLC analysis:

The separation of Phenolic compounds from fractions were
performed in National Research Center by HPLC (HP) equipped with a
Hewlett- Packard 1050 photodiode array detector (Agilent Technologies Palo
Alto. Calif. U.S.A.) with Hewlett — packared. HPLC, Chem. Station software
and auto sampler. Using a PDS- column C 18 — 5 micron (150mm x4-6mm,
operated at 4S° C . The solvent system used was gradient of A (acetic 2.5% )
B (acetic 8%) and C ( acetonitrile). The Solvent flow rate was 1 ml/min.
Ingection volume 50 pl. Phenolic compounds were assayed by external
standard calibration at 280 nm.

RESULTS AND DISCUSSION

The chemical composition of strawberry (Fragaria X ananassa ) fruits
are given in Table (1). The results of the analyses were established to give
nutrient values per 100 g. Moisture, sugars, fiber, pH value and vitamin C
were found 88.9%, 6.2%, 2.2%, 4.2 and 60 (mg/100g), respectively. Also,
mineral contents are presented in the same table . According to results,
potassium (K), phosphorus (P), calcium (Ca), magnesium (Mg) and sodium
(Na) contents were 160, 23, 22, 12 and 3 (mg/100g), respectively. These
results are in agreement with those obtained by Demir et al. (2002) and
Ozcan, & Haciseferogullari (2007).

Table (1): Chemical properties of strawberry fruits.

Properties | Values Minerals | Values (mg/1009g)
Moisture (%) 88.9 Potassium k 160
Sugars (%) 6.2 Phosphorus P 23
Fiber (%) 2.2 Calcium Ca 22
pH 4.2 Magnesium Mg 12
Vitamin C(mg) 60.0 Sodium Na 3

Targeted analyses of strawberry fruits methanol extract (CF), ethyl
acetate fraction (EAF) and butanol fraction (BUF) detected total phenols,
flavonoids and anthocyanins content (Table2). The observed data indicted
that EAF extract contained the higher content of total phenols (43.13%)
followed by BUF extract (37.34%), and CF extract (26.19%).

Regarding total flavonoids, BUF extracts contained higher content
(44.64) followed by EAF, extracts (43.15%), then Cu extracts (21.92%). Also,
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the results showed that EAF contained relatively higher total anthocyanins
content (2.33%) followed by BUF extracts (2.21%) whereas, Cu contained the
lowest total anthocyanins content (0.13%).

Table (2): Total phenolics, Flavonols and anthocyanins contents in
strawberry fruits.

o Extracts
Compounds % o EAFE BUE
Total Phenols 26.19 43.13 37.34
Total Flavonoids 21.92 43.15 44.64
Total Anthocyanins 0.13 2.33 2.21

Data in Table (3) indicated that ethyl acetate fraction (EAF) of
strawberry fruits extract contained 18 components which could be identified
as catechin (13.1%) quercetin (12.2%) and rutin (12.2%) as the major
components. In addition to moderate amounts of gallic acid (5.2%), coumaric
acid (4.3%), epicatechin (3.8%), quercetin (3.5%), apigenin (3.4%)
Chlorogenic (3.3%), quercetin 3- glucosode (3.1%) and ellagic acid (1.9%)
respectively. On the other hand, EAF extract contained low contents from
luteolin, rosmarinic, ferulic, Kaemeferol, cinnamic and naringenin. Regarding
butanol fraction (BUF) extract, data in table (3), also showed that the
presence of high contents of coumaric (8.9%), catechin (7.3%), epicatechin
(7.1%), rutin (6.2%), quercetin 3- glucoside (5.1%), and hyperoside (5.1%).
Also, BUF extract contained moderate amounts of caffeic (4.2), ellagic acid
(2.2%), and gallic acid (2.2%) respectively. The lowest contents were
butealin, quercitrin, kampferol, quercetin, cinnamic, and naringenin,
respectively .

Table (3): HPLC analysis for chemical constituents (%) of ethyl acetate
fractions (EAF) and butanol fractions (BUF) from strawberry

fruits.
: : extracts

Chemical constituents EAE BUE
Gallic acid 5.2 2.2
Catechin 13.1 7.3
Chlorogenic 3.3 --
Caffic -- 4.2
Epicatechin 3.8 7.1
Coumaric 4.3 8.9
Rutin 12.2 6.2
Ellagic acid 1.9 2.2
Hyperoside -- 5.1
Ferulic 0.8 --
Queitrin 35 1.5
Luteolin 1.3 1.5
Apigenin 34 --
Naringenin 0.2 0.3
Cinnamic 0.2 0.5
Kaompferol 0.4 1.2
Rosmarinic 1.3 --
Quercetin-3-glucoside 3.1 5.1
Coumarin 2.1 --
Querctin 12.2 1.0
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The forementioned results concerning the identification of the
chemical constituents in ethyl acetate and butanol fractions of strawberry
were in agreement with the findings of Ren et al. (2003), Siriwoharn and
Wrolsted (2004) and Seeram et al. (2006).

Data recorded in table (4) represented the anticancer activity of the
fractions of strawberry fruits extracts. Regarding cruds extract (CE) 80%
methanolic extract, the anticancer activity increased from 69.4% to 78.0%
with increasing the concentration from 1 to 10 ug/ml respectively .

Table (4): Anticancer activity of strawberry extracts on HEPGR.

Concentration pg/ml .

Extracts 1 55 5 0
CE 69.4 71.8 75.0 78.0
EAF 22.4 33.6 40.7 81.7
BUF 41.0 59.1 67.2 70.1

In the case of ethyl acetate fraction (EAF), the anticancer activity
increased from 22.4% to 81.7% with in creasing the concentration from 1 to
10 pg/ml respectively. Concerning butanol fraction (BUF), there were gradual
increases in anticancer activity from 41.0% to 70.1% with increasing the
concentration from 1 to 10 pg/ml respectively. Generally the results indicated
that the anticancer activity of the previous fractions increased with increasing
concentrations. Duthic et al. (2000) and Nijveldt et al. (2001) revealed that
flavonoids as antioxidants can inhibit carcinogenesis and the antioxidant
potential may be anticarcinogenic.

REFERENCES

Alia, M., Ramos, S., Mateos, R., Bravo, L., & Goya, L. (2005). Response of
the antioxidant defense system to tert-butyl hydroperoxide and
hydrogen peroxide in a human hepatoma cell line (HepG2). Journal of
Biochemical and Molecular Toxicology, 19, 119.

AOAC. (2005). Association of official analytical chemists — Official methods of
analysis of the association analytical chemists (18th ed.). Washington,
DC: AOAC.

Bahorun, T,F. Trotin, J. Pommery, J. Vasseur and Pinkas (1994). Antioxidant
activities of Craaegus monogyna extracts. Planta medica.60, 323.
Benavente-Garci’a, O., Castillo, J., Mari'n, F.R., Ortun™o, A., Del Ri‘o, J.A.,
1997. Uses and Propierties of Citrus Flavonoids. J. Agric. Food Chem.

45 (12), 4505.

Bravo, L. (1998). Polyphenols: Chemistry, dietary sources, metabolism and
nutritional significance. utrition Reviews, 56, 317.

Demir, F., Dogan, H., O zcan, M., & Haciseferog ullari, H. (2002).
Nutritional and physical properties of hackberry (Celtis australis L.).
Journal of Food Engineering, 54, 241.

7745



Yonis, A. A. M.

Duthic, G.G., Duthic, S.J., and Kyle,J.A.M. (2000). Plant polyphenols in
cancer and heart disease implications as nutritional antioxidants.
Nutrition Research Reviews. 13, 79.

Glei, M., Matuschek, M., Steiner, C., Boshm, V., Persin, C., & Pool-Zobel, B.
L. (2003). Initial in vitro toxicity testing of functional foods rich in
catechins and anthocyanins in human cells. Toxicology in Vitro, 17,
723.

Hakkinen, S., Heinonen, M., Ka'renlampi, S., Mykka'nen, H., Ruuskanen, J.,
Torro'nen, R., 1999. Screening of selected flavonoids and phenolic
acids in 19 berries. Food Res. Int. 32, 345.

Hannum, S. M. (2004). Potential impact of strawberries on human health: a
review of the science. Critical Review in Food Science and Nutrition,
44, 1.

Kris-Etherton, P.M., Hecker, K.D., Bonanome, A., Cobal, S.M., Binkoski, A.E.,
Hilper, K.F., Griel, A.E., Etherton, T.D., 2002. Bioactive compounds in
foods: their role in the prevention of cardiovascular disease and cancer.
Am. J. Med. 113 (9), 71.

Lapidot, T., Walker, M. D., & Kanner, J. (2002). Antioxidant and prooxidant
effects of phenolics on pancreatic beta-cells in vitro. Journal of
Agricultural and Food Chemistry, 50, 7220.

Ling,E.R. (1963). A Text Book of Dairy Chimistry. Vol.Il Chapman and Hall

Ltd.,London,UK 3 Ed.

Marinova, D.V., Ribarova and Atanassova, M. (2005). Total phenolic and total
flavonoids in Bulgarian fruits and vegetables. Journal of the University
of Chemical Technology and Metallurgy. 40, 255.

Nijveldt, R.l., Nood, D.E., Hoorn, P.G., Boelens, K.V., and Leewen, P.A.
(2001). Flavonoids: a review of probable mechanisms of action and
potential applications. Am. J. Clin. Nutr., 74,418.

Ozcan, M., M. & Haciseferogullar,H.(2007). The Strawberry (Arbutus unedo
L.) fruits: Chemical composition, physical properties and mineral
contents Journal of Food Engineering, 78, 1022.

Ramos, S., Alia, M., Bravo, L., & Goya, L. (2005). Comparative effects of
food-derived polyphenols on the viability and apoptosis of a human
hepatoma cell line (HepG2). Journal of Agricultural and Food
Chemistry, 53, 1271.

Ren,W.Z., Qiao, H., Wang, L., Zhu and Zhang, L. (2003). Flavonoids,
Promising anyicancer agent. Medicinal Research Reviews. 23 940.
Seeram, P.N., Lee,S.H., Scheuller and Heber,D.(2006). Identification of
phenolic compounds in strawberrys by liquid chromatography

electrospray ionization mass spectroscopy. Food Chemistry. 97,1.

Shahidi, F., and Naczk, M. (1995). Methods of analysis and quantification of
phenolic compounds. Food phenolic, sources, chemistry, effects and
applications. Technomic Published Company. Inc., Lancaster. PA. 287.

Siriwoharn, T and Wrolstad, E.R. (2004). Polyphenolic composition of marion

and evergreen blackberries. J.Food Science. 69,233.

Skehan, P., and Streng, R. (1990). New coloremetric cytotoxicity assay for

anticancer drug screening. J. Natl. Cancer inst., 83. 1107.

7746



J. Agric. Sci. Mansoura Univ., 34 (7), July, 2009

Scalzo, J., Politi, A., Pellegrini, N., Mezzetti, B., Battino, M., 2005. Plant
genotype affects total antioksidant capacity and phenolic contents in
fruit. Nutrition 21, 207.

Wang, S. Y., & Zheng, W. (2001). Effects of plant growth temperature on
antioxidant capacity in strawberry. Journal of Agricultural and Food
Chemistry, 49, 4977.

Williner, M. R., Pirovani, M. E., & Guemes, D. R. (2003). Ellagic acid content
in strawberries of different cultivars and ripening stages. Journal of the
Science of Food and Agriculture, 83, 842.

g Al L (e AilaanSl) il gSal) (anyd (i yuall Baliaal) ddaal)
Qs e daal cpal) oD
B geaiall dadla— L 55al) LaBY) and e gil) A ) A8

Jeee o Can | oyl slcaS A1) 3l 3¢S Ll ap il Al jall 028 <y jal
(A paliinall ) add) o 3l Al a8 Jglual jd ot o (%A ) Jsiline paliiue
AN s Ja e Jpmanll & Ul 5 J il sl 5 lind Ji) Gladal) alasinl 45 585 o5 5 (CE)
ALl Galiiill A8yl J sl ¢ Ja s Cilgiad

el s n g paY) ) Ay LYYy ¢ by Sl g ¢ dysha )l (e JS a5 8l
Joaniall il iS5 a g gaall 5 spuiiall g o gandl€ll 5 i sill 5 o gl sl =Sal L 5 C
alale) YTu s (an) o [alale) To ¢ £,Y < %Y,Y %T,Y ¢ % A o Lgle
Ty (en) o/ ploale) 1Y 5 (en) e/ ahoale) YY ¢ (an) e [ alaide ) YT 5 (aa) oo/
%EV,NC 5 %ET Y e AV Galiiedl 5gial LS | il e (aa) s v / pake)
Il sl Galiione Lal i S e Cppaibans 31 5 5all 5 ol 53 533l 5 Y 5l (e %Y, 1Y ¢
calitiall (s sinl m o3 il Gl % Y,Y) 50 %EE,TE 5 %YV, TE e g gial i
il e %)Y %Y ,AY %Y1, e alal

Balicae Jal s2S dleld e Led A5l jdll 5yt clcaliivnn JS of gliall canaza f 8
cdafeloasSae Ve S i aie g %AYLY (%Y e Ledalli 2 ) s syl

7747



