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Abstract. Reactive oxygen species are postulated to bevedain systemic inflamma-
tion and oxidative stress in patients with obesigtivated polymorphonuclear neutro-
phils (PMNs) generate extremely high amounts otrea oxygen species, but these are
normally targeted at pathogens inside intracellplegosomes. The same beneficial an-
timicrobial functions, if not controlled, contriteito the tissue damaging effects of in-
flammatory reactions. The evidence from convenfic@demiology strongly implies
fruits and vegetables in protection against oxidastress. In our study, the vitro ef-
fects of Aronia melanocarpguice on oxidative metabolism and apoptosis oftrogils
from obese and non-obese individuals has beentigagsd. We tested 15 obese patients
(aged 45+9 years, women, BMI = 344.9 kg/nf). Nine healthy subjects (BMI = 22.2
+1.6 kg/nf) were enrolled as controls. Neutrophils were igalaand oxidant production,
in response to phorbol 12-myristate 13-acetate, at@sacterized by using luminol de-
pendent chemiluminescence (CL) and flow cytometivhlorofluorescin oxidation assay.
Caspase-3 activity, a marker of apoptosis executivhuman neutrophilsneasured by a
cleavage of the fluorogenic substrate Ac-DEVD-AM&Iditional experiments to assess
the direct toxic effect of the aronia polyphenolsrevalso carried out. Neutrophils from
obese individuals had a significantly highesG4 production and CL response compared
to controls (p < 0.05). The oxidative metabolismPdfINs was decreased by aronia juice
treatment in both of groups, obese and non-obebeidinals. The caspase-3 activity de-
pended on the time of aronia juice treatment and markedly increased in phorbol-
treated cells incubated with polyphenols for 24rsoThis natural product exert benefi-
cial effects in cells and may, therefore, be useftihe treatment of obesity disorders.
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INTRODUCTION

Obese people are at high risk for developing tymkabetes mellitus, dislipidemia,
hypertension, and cardiovascular diseases, whath e an increased risk of mortality
[Cope and Allison 2006]. As reported, obesity isasated with increase in systemic
oxidative stress, and with elevated systemic inffeation andactivation of coagulation
cascade [Chan et al. 2002, Morrow 2003]. Some rekees [Higdon and Frei 2003,
Keaney et al. 2003] found an increase in oxidantbaadecrease in the activities of
body’'s protective antioxidants in obese individudls has been hypothesizabat
[Higdon and Frei 200¥eaney et al. 2003, Morrow 2003], oxidative strgeseratethy
high loss of body reserves might cause metabofiorderstissue injuries, impairment
of organ functions, andcreased incidence of pathologies.

Leptin, a hormone secreted by adipose tissue,ditiad to its activity as a regulator
of food intake and energy expenditure can also dadelimmune and inflammatory
responses through stimulation of macrophages anttaphils [Zarkesh-Esfahani et al.
2004].

Polymorphonuclear neutrophils (PMNs) are the primaffector cells in host re-
sponses to injury and infection. In PMNSs recruitedhe inflamed tissues phagocytosis
triggers a chain of metabolic reactions beginningembrane receptors for bacteria and
other pathogens, followed by protein kinase C atiim and subsequent induction of
the NADPH oxidase to reduce oxygen to yield supeexadical, which in cells is then
metabolized to other ROS (e.g. hydrogen peroxigppbhlorous acid) [Nathan 2002,
Witko-Sarsat et al. 2000]. These highly reactivedocts of oxidative pathways are
released into phagosomes containing ingested patispgor released into the
extracellular environment to act upon substancasdiinnot be phagocytosed [Maianski
et al. 2004]. Under homeostatic conditions, PMNnaitrobial functions are beneficial
to the host. However if this delicate balance issaip these same beneficial
antimicrobial functions can cause significant lodssue injury and lead to the
development of pathologic systemic inflammatoryditons [Maianski et al. 2004].

The antioxidants present in most plant-derived $oark capable of interfering with
the processes involved in oxidative stress. Thexgatoperties of plant polyphenols
allow them to act as reducing agents, hydrogen{@fumantioxidants and singlet oxy-
gen quenchers; in some cases they also chelatgitivanmetal ions [Cotelle 2001,
Oszmiaski and Wojdy o 2005]. Evidence for the potentialler of oxidative stress in
various diseases and pathophysiological processggests that the dietary intake and
the therapeutic use of phytochemicals may havetipedhealth effects [Hertog et al.
1995, Hung et al. 2004].

The fruit of the aroniaAronia melanocarpélliot), a shrub of theosaceous family
native to North America and Russia, has a garple peel and contains high levels of
flavonoids and phenolic acids. Main flavonoid suhgs in chokeberry are proantho-
cyanins, anthocyanins, flavonols and catechinsnélieacids present in chokeberry are
hydroxylated derivatives of benzoic acid and cinitaatid [Oszmiaski and Wojdy o
2005]. Recently, it has been reported that the aroniaaekinas potent antioxidative
effectsin vitro andin vivo [Matsumoto et al. 2004].

Thus, the goal of the present study was to invatithe ability of the aronigAfo-
nia melanocarpéElliot) juice to protecin vitro neutrophils from obese and non-obese
individuals from oxidative damage.
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MATERIALS AND METHODS

Plant material and the mixture obtained after intesinal digestion. Fruits of Aro-
nia melanocarpa Elliot harvested in Poland. Thekeherry juice was made by PTHU
ECOAR (Lewin K odzki, Poland). The composition bétjuice was as follows (mg/100
ml): neochlorogenic acid 49.21, chlorogenic acicb85 (-)epicatechin 1.48, p-cumaric
acid derivatives 0.4, polymeric procyanidins 293.2filercetin 3-rutinoside 1.68,
quercetin 3-galactoside 2.83, quercetin 3-glucogi@®, quercetin 3-wicyanoside 1.15,
quercetin 3-robinobioside 1.17, cyanidin 3-galaick®sl2.49, cyanidin 3-arabinoside
0.71, cyanidin 3-glucoside 5.12, cyanidin 3-xyl@s@59, cyanidin 0.22.

For transport experiments, the aronia juice digest vitro was carried out by se-
guencing changes of pH value and addition of digestgents (porcine pepsin, pancre-
atic extract and bile salts) into a reactor. Afterds, into the reaction mixture was in-
troduced a faecal bacteria culture in amount of°~f@/cnt. The aronia juice and the
mixture obtained after intestinal digestion weratdéuged and sterilized by filtration
(0.22 m).

Study population. Obese patients (aged 48 years, women, BMI = 344.9 kg/nf;

n = 15) and healthy subjects (aged#d years, women, BMI = 22:£1.6 kg/nf; n = 9)
have been investigate@ihe inclusion criteria were based on physical exation, body
mass index (BMI), waist-hip ratio (WHR), and thedj@omposition examination based
on bioimpedance method and biochemical assess#lpatients had a fasting venous
plasma glucose less than 110 mg/dL. None of theebebjects was taking any anti-
oxidant therapy or glucocorticoids.

Isolation of PMNSs. Peripheral venous blood, anticoagulated with hegafl0 U/ml
blood), was layered on a density gradient mediumad&ol G, Aqua-Medica, Poland)
and centrifuged at 500 x g for 30 min. PMNs werdecbéd and washed in PBS. The
obtained population consisted of approx. 96% neis.

Cell viability was determined by the Cell Proliferation Kit | (WiTRoche Diagnos-
tics GmbH, Germany). PMNs (1 x %6ells/well) were treated with various concentra-
tions of aronia juice (up to a final concentratioh10-100%v/v) for 2 h at 37°C, to-
gether with untreated control samples. Cells welessquently incubated in a 96-well
plate with the MTT solution for another 4 h. Theterainsoluble formazan dye was
solubilized overnight at 37°C before measuremeitbaorbance using an ELISA reader
at 570 nm with a reference wavelength of 690 nre fésults of the assay were ex-
pressed as percentage of the absorbance valusmedbten control PMNs. More than
90% cells were considered to be unaffected by destenpounds, 80-90% as modestly
affected, and values of less than 80% viable cedlee ascribed to cytotoxic effect of
the compounds.

Luminol-dependent chemiluminescence (CLwas measured as described previ-
ously [Zieli ska-Przyjemska and Wiktorowicz 2006]. Briefly, ibation mixture in
total volume of 1 ml contained 1 x 9lPMNs pretreated with aronia juice (30 minutes
at 37°C), luminol (1avM), and then challenging with phorbol 12-myristate-acetate
(1 mM PMA, Sigma Chemical Co., St. Louis, MO, USA))itgluce oxidative stress. CL
signals were recorded in the LKB1250 luminometezrd®0 minutes and the peak val-
ues were expressed in mV per 1 X gélls.

Neutrophil hydrogen peroxide (H,O,) generationwas measured by flow cytome-
try [Bass et al. 1983]. Incubation mixture (finablwme 100nm) contained 50m of
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heparinized whole blood and aronia juice at theceatration range 0.1 to 50% v/v.
Incubation was carried out for 30 minutes at 37t@&n 15 of 0.3 mmol/l 2',7'-
-dichlorofluorescin diacetate (DCFH-DA, Acros Orgam) New Jersey, USA) in PBS
was added and the incubation was continued forhen®0 minutes. After that time
1 mM PMA was added. The erythrocytes were removedybis Iwith 1 ml of Ortho-
mune solution. Intracellular DCF fluorescente, (= 488 nm,| ¢, = 515-548 nm) of
PMNs was measured in Cytoron Absolute flow cytom@@atho, USA) using the linear
amplification of the signal. The fluorescence isignwas expressed as the value of the
“mean channel”, calculated by ImmunoCount 2 sofen@rtho).

PMN culture for the caspase-3 assayreshly isolated PMNs (2 x 4@ells) were
maintained in RPMI 1640 medium (supplemented wilBolheat-inactivated fetal bo-
vine serum, 2 mM L-glutamine, 100 units/ml peniniland 100nmg/ml streptomycin,
and 5 mM HEPES, Sigma Chemical Co., St. Louis, NUSA.) in 40 mm culture
dishes. Cells were preincubated for 1 h with PBf@l(controls) or various concentra-
tions of aronia juice and then incubated in thespnee or absence of PMA (200 nM), at
37°C in humidified atmosphere containing 5% L@®fter 2 or 24 h of incubation cells
with the aronia juice a 1% trypsin solution wasdusedetach adherent cells.

Caspase-3 activitywas measured using a caspase-3 fluorogenic stédshe
DEVD-AMC Caspase-3 assay kit (BD Bioscience Phagein San Diego, CA, USA).
Briefly, cultured cells were washed with ice-colB® (pH 7.4), and lysed in whole cell
lysis buffer (10 mM Tris-HCI; 10 mM NajPOy/Na,HP O, (pH 7.5); 130 mM NacCl; 1%
Triton -X-100; 10 mM NaPP(sodium pyrophosphate)), and protein concentratias
determined according to the Lowry [Lowry et al. 1p5Cell lysates (containing ap-
proximately 100hg of protein) and substrate Ac-DEVD-AMC (2®1) were combined
in a standard reaction buffer (20 mM HEPES pH I® glicerol; 2 mM DTT). After
1 h incubation at 3T, fluorescence of AMC liberated from Ac-DEVD-AMCas de-
termined in a Hitachi F-2500 spectrofluorimetég,(= 388 nm,l ¢, = 450 nm). The
activity of caspase-3 was expressed in the AMCrélscence units.

Statistical analysis.Differences between the means of treatment wergaoed af-
ter analysis of variance (ANOVA) by the t-Studertgst. Differences were considered
significant if p£ 0.05.

RESULTS AND DISCUSSION

Our team has been studying the effects of plamaetg on the oxidative metabolism
of phagocytes, with the aim of finding plants richantioxidants, determining their
action mechanism and evaluating their ability todoate the activity of native and
acquired immunity cells.

It has been demonstrated that flavonoids impairRBS production and release in
neutrophils and macrophages due to the direct sgawg of reactive oxygen
intermediates and to the inhibition of enzymes eissed to ROS pathways: NADPH
oxidase, xanthine oxidase and myeloperoxidase [@aeb al. 1984, Edwards 1996,
Middleton et al. 2000, Cotelle 2001]. Some flavatsocan scavenge hypochlorous acid
and highly reactive chlorinated species generatethb MPO-HO,-Cl system. These
antioxidant activities are accompanied by the fieids potential to suppress

Acta Sci. Pol.



Effects of Aronia melanocarpa polyphenols on oxeatetabolism ... 79

arachidonic acid release from membranes [MiddIdt®88], to inhibit cyclooxygenase
and lipoxygenase [Robak and Gryglewski 1996, Taagral. 1994], to inhibit protein
kinases [Middleton 1998] and to diminish the retead hydrolytic enzymes from
lysosomes [Tordera et al. 1994].

The antioxidative activity of flavonoids can be kxdedin vitro by measuring their
capacity to inhibit the production of reactive ogygspecies from stimulated PMNSs.
Chemiluminescence (CL) represents a simple, rapitlsensitive method to study the
oxidative metabolism of phagocytes and, indiregilyagocytosis, which closely corre-
lates with the overall function of PMNs, with killj activity, and with tissue damage at
the site of chronic inflammation. This test is alsseful to identify compounds with
antioxidant and anti-inflammatory activity [Aller9&6].

Using phorbol miristate acetate PMA-activated nephils from obese and non-
obese individuals, we determine the luminol-depeh@i. emission and D, produc-
tion measured in the cytofluorimetric assay in #iesence or presence of the aronia
juice. Upon PMA activation, non-mitochondrial oxygeiptake is initiated by the
PMNs, resulting in the production of ROS. This m@®&, known as respiratory burst, is
the result of the assembly of the multi-enzyme NADR®Xidase system that promotes
the one-electron reduction of oxygen to superogitien [Babior 2000].

Our results presented in Figures 1-2 show thats deim obese patients give a
higher ROS yield in comparison to healthy people (005).
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Fig. 1. The effect of aronia juice on the PMA-stlated chemiluminescence in neutrophils
from obese and non-obese individuals. Values amnmef 3-15 experiments + S.E. Dif-
ferences statistically significant between contantl treated cells: *p < 0.05, **p < 0.01,
**p < 0.001, ****p < 0.0001

Rys. 1. Wp yw soku z aronii na intensywnachemiluminescencji stymulowanych PMA
neutrofilbw os6b zdrowych i oty ych. Wyniki wyrano jako rednie arytmetyczne
z uwzgl dnieniem odchylenia standardowegedniej z 3-15 niezaleych eksperymentow.
RO nice statystyczne w poréwnaniu z kontrot*p < 0,05, ****p < 0,01, ***p < 0,001,
***p < 0,0001

Technologia Alimentaria 6(3) 2007



80 M. Zieli ska-Przyjemska ...

200 + I Healthy C— Obese
Zdrowi Otyli
150 A . ’ { ‘:E h _:E
hEhE . 0 T EafEops

EafEaes

100 -

H,O, production, mean channel
Produkcja H,O, redni kana

50 4

0 01 1 10 30 50 after 0 01 1 10 30 50 after
digestion digest_ion_
po trawieniu po trawieniu

Concentration, % — St enie, %

Fig. 2. Hydrogen peroxide production in PMNs fromese and non-obese individuals
treated with aronia juice. Values are means of &dderiments + S.E. Differences statisti-
cally significant between control and treated céfts< 0.05, **p < 0.01

Rys. 2. Produkcja nadtlenku wodoru przez PMNs asfibwych i oty ych pod wp ywem
soku z aronii. Wyniki wyraono jako rednie arytmetyczne z uwzglnieniem odchylenia
standardowegoredniej z 3-11 niezaleych eksperymentéw. Rdice statystyczne w po-
réwnaniu z kontrol: *p < 0,05, **p < 0,01

The increase in oxidative damage in obesity masetbee reflect consistent overeat-
ing by obese subjects. Dandona et al. [2001] haperted that ROS generation by
PMNs falls markedly in association with dietarytrietion and weight loss after the
institution of a 1000-Cal diet. Furthermore, ROS\@@tion after the cessation of die-
tary restriction and at 3 months not only reverdmdt, exceeded, that at baseline for
PMNSs.

Our results show that the juice Afonia melanocarpand the active fractions after
digestion in artificial food canal significantly ckease the oxidative metabolism of
PMNs in healthy and obese subjects. The juice itgdithe HO, production within the
range 10-50%v/v and chemiluminescence’s responsmratentrations of 1-50%v/v.
This activity can be explained either by the scageereffect of the juice on ROS, or by
the functional changes that cells undergo in thesgmce of the juice. PMA is an onco-
genic substance that induces a translocation-aictivgprocess by protein kinase C
(PKC) [Arroyo et al. 2002]. The inhibition of thegpiratory burst by phagocytes could
depend on interference of the juice with the PMAaent activation of PKC.
Impairment by the plant juice of the production aiftive oxygen intermediates by
neutrophils might contribute to the anti-inflammatactivity of these compounds.

The antioxidant activity oAAronia melanocarpacould depend on various chemical
compounds, above all on flavonoids. The antioxidenaperties of anthocyanins and
proanthocyanins have been demonstrated by bothitro and in vivo experiments
[Kahkonen et al. 2001, Lazzé et al. 2004]. Anthoiys decrease the amount of oxi-
dized LDL and the contents of thiobarbituric ace&hcetive substances (TBARS), de-
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crease the activity of nitric oxide synthase arellével of nitric oxide [Kowalczyk et al.
2003]. Comparison of antioxidative properties othmayanins with widely known
antioxidants, showed that these compounds had hagtexidative activity than vita-
min E @-tocopherol), ascorbic acid abdcarotene [Kowalczyk et al. 2003]. Apart from
antioxidative activity, anthocyanins and proantteups have anti-inflammatory and
anti-bacterial properties as well, for instanceytlat as cyclooxygenase inhibitors
[Howell 2002, Hou et al. 2005, Ohgami et al. 2008jey inhibit degranulation of mast
cells [Middleton et al. 2000] and decrease thellefdL-2, INF-g, TNF-a [Lin et al.
2002]. It has been suggested that anthocyaninsgudgnportant role in the prevention
against mutagenesis and carcinogenesis [Omenn 188&]stigation of the effect of
anthocyanins on systemic sugar balance demonstatsd hypoglycemic activity
through inhibitinga-glucosidase in intestinal lumen and sensitizatiboells to insulin
A [Matsui et al. 2002]. The research greatly cdnttéd to the fact that anthocyanins
have become not only food products but also thettapeagents.

Furthermore, in our experimental model we inveséidehe cytotoxicity of the aro-
nia juice. The performed analyses showed a deciedd@T (a marker of cell damage)
incorporation in the case of these phytochemicélsha concentration higher than
50%v/v (Table 1).

Table 1. The influence of aronia juice on humantmaghil viability
Tabela 1. Wp yw soku z aronii na prgwvalno  ludzkich neutrofiléw

Aronia juice concentration, %v/v Cells viability, % of control
St enie soku z aronii, % v/v Prze ywalno komérek, % kontroli
10 109.2+ 7.6*
30 94.2+ 4.6
50 87.5+4.4
100 62.3+4.3
After digestion in artificial food canal 91.9+3.0

Po trawieniu w sztucznym przewodzie pokarmowym

*Data are expressed as percentage of value obtéinéige control PMNs and represent the meaSsE.
from three independent experiments.

*Wyniki wyra ono jako wartoci procentowe w odniesieniu do grupy kontrolnej PMptzyj tej jako
100% i s one rednimi arytmetycznymi z uwzginieniem odchylenia standardowego z trzech nieagptd
eksperymentow.

Neutrophils are the major participants in the adofi@mmatory response in tissues,
being recruited from the circulation when local etefes are overwhelmed. Stimulated
neutrophils are cleared from the inflamed sitesapgptosis (programmed cell death)
and following macrophage phagocytosis, which iskég process in the inflammation
resolution [Serhan and Savill 2005]. Caspeses doystproteases, enzymes) play the
central role in apoptotic cell death by degradatiegulatory and structural proteins
essential for cell survival and activate nucleas®s caspase-3 is considered the one of
the most important apoptosis executors [Vaughaal. é2002]. Alterations of neutrophil
apoptosis are associated with a number of dis¢itanski et al. 2004].
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According to Bruno et al. [2005] human neutropleiipress leptin surface receptors
underin vitro andin vivo conditions, and leptin delays apoptosis of matké&Ns in
vitro. Leptin delayed the cleavage of the pro-apoptuinbers: Bid and Bax, the mi-
tochondrial release of cytochrome ¢ and secondcimitiodria-derived activator of cas-
pase, as well as the activation of both caspased8caspase-3 in these cells. The au-
thors conclude that, leptin is a survival cytokioe human neutrophils, a finding with
potential pathologic relevance in inflammatory dises.

Reactive oxygen species are supposed to be the aonultimate modulators of
apoptosis in various experimental models and systéine mild oxidative stress is an
inducer of apoptosis in cells, however prolongedertessive exposition to the pro-
oxidant conditions can prevent caspases from foanictg as it is observed in the
NADPH oxidase stimulation in PMNs [Fadeelet al 198@mpton et al 1998]. Arroyo
et al. [2002] reported on the caspase-3 activatioRMNs upon the NADPH oxidase
inhibition or ROS suppression. The apoptosis indactia caspase-3 activation as a
result of ROS decrease and involvement of supeeodidmutase in this process was
recently described [Yasui et al 2005].

The proapoptotic role of anthocyanins in variouman normal and cancer cell lines
was described [Lazzé et al. 2004, Chen et al. 286 et al. 2005, Seeram et al. 2006].
It has been demonstrated that they are able taccéndpoptosis through regulation of
antiapoptotic gene Bcl-2 and activation of c-JuteNninal kinase cascade in hepatoma
cells [Yeh and Yen 2005]. Hou et al. [2003] studiéey induction of apoptosis by
determining caspase-3 activation in human promygioteukemia cells. Anthocyanins
caused appropriate morphological changes in tHe, detluding chromatin fragmenta-
tion and phosphatidylserine exposure. However etfee®nts were observed mainly in
Hela cells, which exhibit also DNA apoptotic ladder[Lazzé et al. 2004]. The impli-
cations for cancer treatment are clear from thésemwations.

In our in vitro experiment the juice oAronia melanocarpéhas been examined for
his ability to activate caspase-3, a marker of &mip execution, of stimulated poly-
morphonuclear neutrophils in healthy and obese worGaspase-3 activation was as-
sayed by the method of Ac-DEVD-AMC (caspase-3 figenic substrate) cleavage in
PMNs cultured up to 24 hours. The caspase-3 agtilepended on the time of aronia
polyphenols treatment and was markedly increasdeMi\-treated cells from healthy
and obese subjects incubated with the aronia foic24 hours (Fig. 3). The presence of
the caspase-3 substrate-specific fluorescenceaniplea where the PMA-induced oxida-
tive burst was subdued by the juice leads to tlrént conclusion that these plant
polyphenols interfere with NADPH oxidase and/or R@8 promote apoptosis. The
described result agrees with the suggestions oéélagt al. [1998] and Arroyo et al
(2002) on the oxidative inhibition of caspase-3iétgt in the stimulated PMNs. We
also observed pro-apoptotic effects of non-stineulsutrophils after 24 hours incuba-
tion with these phytochemicals (Fig. 3).

The work proposed here is the first step towarttingeup a battery of standard cel-
lular and sub-cellular assays to be applied to emigtrients and other phytochemical
investigation, individually and in combination, étucidate their contribution to human
health in terms of protection against oxidative dgm
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Fig. 3. Effect of aronia juice on caspase-3 actiuit nonstimulated (A) and stimulated
PMNs (B) from obese and non-obese individuals. ¥slare means +S.E. (n = 3-7). Sig-
nificantly different from the untreated control: 40.05, **p < 0.01, ***p < 0.001

Rys. 3. Oddzia ywanie soku aronii na aktywn&aspazy-3 niestymulowanych (A) i sty-
mulowanych PMNs (B) oséb zdrowych i oty ych. Wynikyra ono jako rednie arytme-
tyczne z uwzgldnieniem odchylenia standardowego (n = 3-7). Znante statystyczna
w stosunku do kontroli: *p < 0,05, **p < 0,01, ***g 0,001
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CONCLUSIONS

Compelling evidence has led to the conclusion thet plays a major role in the
control of oxidative stress: the juice Afonia melanocarpalecreases oxidative stress,
whereas the occidental diet, characteristicalli fic fats, induces oxidative stress. The
high content of polyphenol antioxidants is probabitg main factor responsible for
these effects.

REFERENCES

Allen R.C., 1986. Phagocytic leukocyte oxygenatativities and chemiluminescence: a kinetic
approach to analysis. Meth. Enzymol. 133, 449-493.

Arroyo A., Modriansky M., Serinkan F.B., Bello R.Matsura T., Jiang J., Tyurin V.A., Tyurina
Y.Y., Fadeel B., Kagan V.E., 2002. NADPH-oxidase@eledent oxidation and externalization
of phosphatidylserine during apoptosis in 8@-differentiated HL-60 cells. J. Biol. Chem.
277, 49965-49975.

Babior B.M., 2000. Phagocytes and oxidative strass. J. Med. 109, 33-44.

Bass D.A., Parce J.W., Dechatelet L.R., Szejd&&ds M.C., Thomas M., 1983. Flow cytomet-
ric studies of oxidative product formation by negpthnils: a graded response to membrane
stimulation. J. Immunol. 130, 1910-1917.

Bruno A., Conus S., Ine’s Schmid, Simon H.U., 208%0ptotic pathways are inhibited by leptin
receptor activation in neutrophils. J. Immunol. 18@90-8096.

Chan J.C., Cheung J.C., Stchouwer C.D., EmeisThdg P.C., Ko G.T., Yudkin J.S., 2002. The
central role of obesity-associated dyslipidaemrajo¢ghelial activation and cytokines in the
metabolic syndrome-An analysis by structural equmthodeling. Int. J. Obes. Relat. Metab.
Disord. 26, 994-1008.

Chen P.N., Chu S.C., Chiou H.L., Chiang C.L., Ya®4dr., Hsieh Y.S., 2005. Cyanidin 3-
glucoside and peonidin 3-glucoside inhibit tumoll geowth and induce apoptosis in vitro
and suppress tumor growth in vivo. Nutr. Cancer.Z32-243.

Cope M.B., Allison D.B., 2006. Obesity: person gmugulation. Obesity 14, 156S-159S.

Cotelle N., 2001. Role of flavonoids in oxidativeess. Curr. Topics Med. Chem. 1, 560-590.

Dandona P., Mohanty P., Ghanim H., Aljada A., Breviti, Hamouda W., Prabhala A., Afzal A,
Garg R., 2001. The suppressive effect of dietasyridion and weight loss in the obese on
the generation of reactive oxygen species by leytiesc lipid peroxidation, and protein car-
bonylation. J. Clin. Endocrinol. Metab. 86, 355-362

Edwards S.W., 1996. The,0Generating NADPH oxidase of phagocytes: structung methods
of detection. Methods 9, 563-577.

Fadeel B., Ahlin A., Henter J.I., Orrenius S., HaompM.B., 1998. Involvement of caspasesin
neutrophil apoptosis: regulation by reactive oxygpacies. Blood 92, 4808-4818.

Hampton M.B., Fadeel B., Orrenius S., 1998. Reamulation of the caspases during apoptosis.
Ann. New York Acad. Sci. 854, 323-335.

Hertog M.G., Kromhout D., Aravanis C., Blackburn, Buzina R., Fidanza F., Giampaoli S.,
Jansen A., Menotti A., Nedeljkovic S., Pekkarinen Bimic B.S., Toshima H., Feskens E.J.,
Hollman P.C., Katan M.B., 1995. Flavonoid intakel dong-term risk of coronary heart dis-
ease and cancer in the seven countries study. Argin. Med. 155, 381-386.

Higdon J.V., Frei B., 2003. Obesity and oxidatiteess. A direct link to CVD? Arterioscler.
Thromb. Vasc. Biol. 23, 365-367.

Hou D.X., Ose T., Lin S., Harazoro K., Imamurakybo M., Uto T., Terahara N., Yoshimoto
M., Fujii M., 2003. Anthocyanidins induce apoptosis human promyelocytic leukemia
cells:structure-activity relationship and mechargsnvolved. Int. J. Oncol. 23, 705-712.

Acta Sci. Pol.



Effects of Aronia melanocarpa polyphenols on oxeatetabolism ... 85

Hou D.X., Yanagita T., Uto T., Masuzaki S., Fujii., M005. Anthocyanidins inhibit cyclooxy-
genase-2 expression in LPS-evoked macrophagesustactivity relationship and molecu-
lar mechanisms involved. Biochem. Pharmacol. 70;445.

Howell A.B., 2002. Cranberry proanthocyanins anel iteintenance of urinary tract health. Crit.
Rev. Food Sci. Nutr. 42, 273-278.

Hung H.C., Joshipura K.J., Jiang R., Hu F.B., Hullte Smith-Warner S.A., Colditz G.A., Ros-
ner B., Spiegelman D., Willett W.C., 2004. Fruitdamegetable intake and risk of major
chronic disease. J. Natl. Cancer Inst. 96, 1574158

Kahkonen M.P., Hopia A.l., Heinonen M., 2001. Bgphenolics and their antioxidant activity. J.
Agric. Food Chem. 49, 4076-4082.

Keaney J.F., Jr., Larson M.G., Vasan R.S., Wils&.P., Lipinska I.L., Corey D., Massaro J.M.,
Sutherland P., Vita J.A., Benjamin E.J., 2003. @pesd systemic oxidative stress. Clinical
correlates of oxidative stress in the FarminghamstArterioscler. Thromb. Vasc. Biol. 23,
434-439.

Kowalczyk E., Krzesiski P., Kura M., Szmigiel B., B aszczyk J., 2003itycyanins in medici-
ne. Pol. J. Pharmacol. 55, 699-702.

Lazze M.C., Savio M., Pizzala R., Cazzalini O.,lRen P., Scovassi A.l., Stivala L.A., Bianchi
L., 2004. Anthocyanins induce cell cycle perturbasi and apoptosis in different human cell
lines. Carcinogenesis 25, 1427-1433.

Lin L.C., Kuo Y.C., Chou C.J., 2002. Immunomodutst@roanthocyanins from Ecdysanthera
utilis. J. Nat. Prod. 65, 505-508.

Lowry O.H., Rosenbrough N.J., Farr A.L., Randall.R1951. Protein measurement with the
Folin phenol reagent. J. Biol. Chem. 193, 265-275.

Maianski N.A., Maianski A.N., Kuijpers T.W., Roos.,[2004. Apoptosis of neutrophils. Acta
Haematol. 111, 56-66.

Matsui T., Ebuchi S., Kobayashi M., Fukui K., SagK., Terahara N., Matsumoto K., 2002.
Antihyperglycemic effect od diacylated anthocyadirived Ipomoea batatas cultivar Aya-
murasaki can be achieved through the alpha-gluassidnhibitory action. J. Agric. Food
Chem. 50, 7244-7248.

Matsumoto M., Hara H., Chiji H., Kasai T., 2004. dBaprotective effect of red pigments in
black chokeberry fruitAronia melanocarpéElliot) on acute gastric hemorrhagic lesions in
rats. J. Agric. Food Chem. 52, 2226-2229.

Middleton E. Jr., 1998. Effect of plant flavonoides immune and inflammatory cell function.
Adv. Exp. Med. Biol. 439, 175-182.

Middleton E. Jr., Kandaswami C., Theoharides T2D0Q0. The effects of plant flavonoids on
mammalian cells: implications for inflammation, hedisease, and cancer. Pharmacol. Rev.
52, 673-751.

Morrow J.D., 2003. Is oxidant stress a connectietwken obesity and atherosclerosis? Arterio-
scler. Thromb. Vasc. Biol. 23, 368-370.

Nathan C., 2002. Points of control in inflammatiblature 420, 846-852.

Ohgami K., llieva I., Shiratori K., koyama Y., J-H., Yoshida K., Kase S., Kitaichi N., Suzuki
Y., Tanaka T., Ohno S., 2005. Anti-inflammatoryeefs of Aronia extract on rat endotoxin-
induced uveitis. Invest. Oph. Vis. Sci. 46, 275-281

Omenn G.S., 1995. What accounts for the associatioregetables and fruits with lower inci-
dence of cancers and coronary heart disease? Avteriiol. 5, 333-335.

Oszmiaski J., Wojdy o A., 2005. Aronia melanocarpa phasoblnd their antioxidant activity.
Eur. Food Res. Technol. 1, 1-5.

Robak J., Gryglewski R.J., 1996. Bioactivity ofvitaoids. Pol. J. Pharmacol. 48, 555-564.

Seeram N.P., Adams L.S., Zhang Y., Lee R., SandSEhguller H.S., Heber D., 2006. Black-
berry, black raspberry, blueberry, cranberry, raspberry, and strawberry extracts inhibit
growth and stimulate apoptosis of human cances éellvitro. J. Agric. Food Chem. 54,
9329-9339.

Technologia Alimentaria 6(3) 2007



86 M. Zieli ska-Przyjemska ...

Serhan C.N., Savill J., 2005. Resolution of inflaation: the beginning programs the end. Nature
Immunol. 6, 1191-1197.

Shih P.H., Yeh C.T., Yen G.C., 2005. Effects ofhacanidin on the inhibition of proliferation
and induction of apoptosis in human gastric ader@wama cells. Food Chem. Toxicol. 43,
1557-1566.

Tauber A.l., Fay J.R., Marletta M.A., 1984. Flavizhonhibition of the human neutrophil
NADPH-oxidase. Biochem. Pharmacol. 33, 1367-1369.

Tordera M., Ferrandiz M.L., Alcaraz M.J., 1994 .llihce of anti-inflammatory flavonoids on
degranulation and arachidonic acid release ineatrophils. Z. Naturforsch. 49, 235-240.

Vaughan A.T., Betti C.J., Villalobos M.J., 2002.r@uing apoptosis. Apoptosis 7, 173-177.

Wawer |., 2005. Aronia — polski paradoks [AroniagPelish paradox]. Agropharm, Tuszyn [in
Polish].

Witko-Sarsat V., Rieu P., Descamps-Latscha B., wes#&., Halbwachs-Mecarelli L., 2000.
Neutrophils: molecules, functions and pathophysjigal aspects. Lab. Invest. 80, 617-653.
Yasui K., Kobayashi N., Yamazaki T., Agematsu Katbizaki S., Ito S., Nakata S., Baba A.,
Koike K., 2005. Superoxide dismutase (SOD) as amil inhibitory mediator of inflamma-

tion via neutrophil apoptosis. Free Radic. Res.75%-762.

Yeh C.T., Yen G.C., 2005. Induction of apoptosisthg Anthocyanidins through regulation of
Bcl-2 gene and activation of c-Jun N-terminal kinasscade in hepatoma cells. J. Agric.
Food Chem. 53, 1740-1749.

Zarkesh-Esfahani H., Pockley A.G., Wu Z., HellewRllG., Weetman A.P., Ross R.J., 2004.
Leptin indirectly activates human neutrophils viduction of TNFa. J. Immunol. 172, 1809-
-1814.

Zieli ska-Przyjemska M., Wiktorowicz K., 2006. Am vitro study of the protective effect of the
flavonoid silydianin against reactive oxygen spscihytother. Res. 20, 115-119.

WP YW SOKU Z ARONII ( ARONIA MELANOCARPAELLIOT)
NA METABOLIZM TLENOW Y | APOPTOZ NEUTROFILOW
OSOB ZDROWYCH | OTY YCH

Streszczenie Stres oksydacyjny i odczyn zapalny odgrywatotn rol w patogenezie
oty o ci. Jednym z g 6wnychréde reaktywnych form tlenu (RFT) w organizmieaz
wieka s pobudzone neutrofile (PMNs). Zachwianie rownowamini dzy produkcj RFT

a ich detoksykacjprzez ustrojowe systemy antyoksydacyjne prowadzstdnéw zapal-
nych zwi zanych z infiltracj granulocytéw oraz rozprzestrzenienia iakcji utleniania
komoérkowych makrocsteczek. Dzia ania prewencyjne upatruje sii dzy innymi w
optymalnym wykorzystaniu potencja u antyoksydacgmeniektérych nieodywczych
sk adnikéw diety. Celem pracy by a ocenavitro wp ywu soku z aronii4ronia melano-
carpa Elliot) na metabolizm tlenowy i aktywno kaspazy-3, marker efektorowej fazy
apoptozy, neutrofilow os6b zdrowych i oty ych. Ba@ami obj to 15 pacjentek (w wieku
45+9, BMI = 34 +4,9 kg/rf) rozpoczynajcych leczenie z powodu otyci prostej. Gru-

p kontroln tworzy y zdrowe dawczynie krwi (BMI = 22,2 +1,6/kgf). Oceniano inten-
sywno chemiluminescencji zaleej od luminolu PMNs aktywowanych estrami forbolu
(PMA), st enie nadtlenku wodoru metodtytometrii przep ywowej z zastosowaniem
dioctanu 2’,7'-dichlorofluorescyny oraz aktywnokaspazy-3 metod fluorymetryczn
rozszczepienia Ac-DEVD-AMC. U pacjentek z otycd, w poréwnaniu z osobami zdro-
wymi, stwierdzono statystycznie znamienne &szenie produkcji kD, i intensywnoci
chemiluminescenciji stymulowanych PMNs (p < 0,@gdany preparat w steniach 10-
-50% v/v i poddany trawieniu jelitowemu w tzw. szzaym przewodzie pokarmowym
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wykazywa silne w aciwo ci antyoksydacyjne w grupie oséb zdrowych i oty y&wok
Z aronii po 24-godzinnej hodowli indukowa spontami i stymulowan PMA apoptoz
neutrofili (p < 0,05). Zatem wykorzystanie wcawo ci antyoksydacyjnych i przeciwza-
palnych aronii moe przeciwdzia apowik aniom wsp6 istniegym z oty oci .

S owa kluczowe:Aronia melanocarpaoty o , reaktywne formy tlenu, apoptoza, neutro-
file

Accepted for print — Zaakceptowano do druku: 1&007

For citation — Do cytowania: Zielska-Przyjemska M., Olejnik A., Dobrowolska-Zachavidj,
Grajek W., 2007. Effects of Aronia melanocarpa plbgnols on oxidative metabolism and apop-
tosis of neutrophils from obese and non-obese ithgils. Acta Sci. Pol., Technol. Aliment. 6(3),
75-87.

Technologia Alimentaria 6(3) 2007



