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ABSTRACT

Here we report an in vitro investigation concerning some protective
properties of a whey protein isolate (WPI), a commercially available
product obtained from milk by ion exchange and ultrafiltration. The study
aim was the evaluation of WPI cellular toxicity, product influence on
doxorubicin (Dox) induced toxicity in cells pretreated with WPI and on
the DNA damage produced by y-rays in human lymphocytes.

WPI practically showed no cytotoxicity within a large interval of
concentrations (900-9 pg cys/ml). In associated trestmentswith Dox, WP
at doses of 900, 180 and 90 pg cys/ml attenuated the drug cytotoxic side-
effectsin normal cells (Hfl-1) in adose linear dependent manner. y-rays
induced genotoxicity was significantly reduced by WPI, particularly by
accelerating the DNA repair of the radioinduced damage in human
lymphocytes, in a dose-effect relationship. Significant differences were
found in the number of repaired lesions (p < 0.01), at 2 hrs(2.93, 2.06 and
1.98fold lower at doses of 450, 180 and 90 g cys/ml, respectively).
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INTRODUCTION

Reactive oxygen species(ROS), genericaly known
asfreeradicas, arehighly reactivemol eculesconstantly
produced inliving organisms asaconsequenceof meta:
bolic and other biochemical reactionsaswell asof ex-
ternd factord3. ROSareessentid for lifebecausethey
play major rolesin vital processes (apoptos's, signal
transduction, bactericidal activity of phagocytes,
etc.)®% andtheir physiologica levelsarecontrolled by

endogenous enzymati c defense mechanismg®®l,

Theoxidativestressisabiochemica condition that
ischaracterized by adisturbed balance between high
levelsof reactive speciesand theorganism defense ca
pacity. Thisbiochemicd statusleadsto variouscondi-
tions(cancers, cardiovascular and neurological diseases)
andageing”®.,

Thereisalot of evidencethat the harmful, undesir-
able effectsof oxidative stress can be diminished or
even blocked by an array of natura productsfromfruits
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and vegetableswhich, dueto their antioxidant proper-
ties, act aspotentia freeradicasscavengers™.

Wefocused our attention on awhey proteinisolate
(WPI), acommercialy available product, enrichedin
cysteine(cys), obtained from milk by ionexchangeand
ultrafiltration. This product contains aheterogeneous
group of proteinsaswell asother bioactive substances
like growth factorsand cytokineswhich can play im-
portant physiological rolego1,

Our study concerned theinvitroWPI cellular tox-
icity, product effects on Dox induced toxicity and its
influence on DNA damage produced by y-rays in hu-

man lymphocytes.
EXPERIMENTAL

Chemicals

WPI was obtained from New Zealand Trade
March., Ltd. (NZ). Fetal calf serum (FCS), glutamine,
penicillin, Dulbecco’s Phosphate Buffered Saline (PBS),
Histopagque 1077, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide(MTT), dimethyl sulfox-
ide(DMSO) and all thereagentsfor Comet assay were
from Sigma-Aldrich (Germany). Doxorubicinwasfrom
ZhgiangHisun Pharm. Co. (PR.China).

Cdl cultures

Human lung fibroblasts, Hfl-1, werefrom ECACC
(European Collection of Cell Cultures) and thehuman
ovary carcinoma, Mls, wasagift fromdr.Y.Shifenbauer,
Medisd Technologies, Isradl.

Cluture media (from Sigma-Aldrich, Germany)
were: F-12 Nutrient Mixturefor Hfl-1and DMEM for
Mls. All mediacontained 10% FCS, 1% L-glutamine
and 1% penicillir/ streptomycin.

Blood sampleswere collected from volunteersby
venopuncture and thelymphocyteswereisolated usng
Histopaque, according to the procedureindicated by
theproducer (Sigma-Aldrich).

Cédlular toxicity assay

Toxicity of WPl wasevaluated by MTT test, de-
scribed by Mosmann (1983)*2. Cells seeded in 96-
well platesweretreated, at subconfluent cell-density
with 9 doses (180000 - 9 ug cys/ml)! of WPI. In asso-
ciated treatments, three concentrations of WPI (900,
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180 and 90 pg cys/ml) in PBS were given 30 minutes
before cumulative dosesof Dox (200—0.1 uM). The
cellswereincubated for 24, 48 and 72 h, respectively
and the col orimetric measurementswere donein the
presenceof MTT dye, at 492 nm with aplate reader
(Tecan, Sunrise, Austria).

DNA damage assay (Comet assay)

Immediately after isolation, thelymphocyteswere
incubated in RPMI medium with 20 % FCS at 37°C
and 5% CO,. Thirty minutesbeforeirradiation, cells
weretreated with WPI (450, 180 and 90 pug cys/ml).
Irradiation was carried out with 2 Gy (Theratron 1000,
Canada). After irradiation, the cellswere processed by
akainecomet assay in order to measurethe DNA dam-
age. Theakaline comet assay was performed accord-
ingto Tice(2000)™ protocol. Conditionsused for eec-
trophoresisof single cellsembedded in agarose, were
0.83 V/cm and 300 mA for 30 minutes.

To evauatethe process of cellular repair, theirra:
diated cellswereincubated at 37°C and 5% CO,, for
120 minutesand theresidual DNA damagewasagan
measured by Comet assay.

Satistical analysis

Dose response curves were calculated using
GraphPad Prism software program, version 5.0
(GraphPad, San Diego, Ca., USA). Dataweregiven
as mean value + standard error of the mean (SEM).
Statistical compari son between groups was made by
one-way ANOVA followed by Dunett multiple com-
parison test and Student’s t-test, respectively; p-values
under 0.05 were considered as statistically significant.

RESULTS

WPI cytotoxicity in normal and tumor cells

The WP toxicity in normal (Hfl-1) and tumor (Mls)
cellswas estimated by measuring their viability inthe
presence of WP, the preparate doses being spread
over alargeinterval of concentrations (180000 - 9 ug

cysml).

Innormd fibroblasts(Hfl-1), WPI solutions practi-
caly exhibited notoxic effects (Figure 1a). Even more,
at high contents of cysteine (180000 — 90000 pg cys/
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ml), astimulation of growthwasfound a both 24 and 48
hrs. At lower doses (900— 9 pg cys/ml) the measure-
mentsindicated aqued flat profilewithout significant dif-
ferencesinthecdlular growth asafunctionof WPI doses.

Instead, at 72 hrs, aninhibitory effect occurred as
aconsequenceof adiminished proliferation rateand/or
cellular death (datanot shown). Theinhibitory effects
vs. logarithm of dosesfollowsasgmoidd curveshape
which allowedthecaculationof IC_ vaue(1.24 pg
cysgml) i.e. the WPI concentration required to reduce
cdlssurviva by 50%.

IntheMIscells, after 24 hrsat high dosesof WPI
(180000—-90000 pg cys/ml) an inhibition of cellular
growthwasfound. At 48 hrs, for the sametumor cells,
therewas no evidence of toxic effects(Figurelb).

a) Hfl-1 cells

1.54 ;

growth vs ctrl

Iy canc WP (pg eysimi)
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Weinvestigated the Hfl-1 cellsviability following
theadministration of eight dosesof Dox aone (within
200-0.1 uM) and in pretreatment regimens (30 min-
utes before) with three variable doses of WPI (900,
180 and 90 pg cys/ml).

ThelC,, valuesof Dox at 24 hwere quantifiedin
each of thefour treatments. They werescored fromthe
four parameterssigmoidal curvesfit and aregivenin
TABLE 1. Cytotoxic activity of Dox was decreased
by WPI (higher toxic effectsmeanslower IC_ va ues)
inadose-effect rel ationship. Thesefindingsdemondrate
that, in associated treatmentswith Dox, WPI produced
alinear dose dependent chemoprotectiveeffect in Hfl-
1 cells(R?=0.996).
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Figurel: WPI toxicity in: a) Hfl-1 and b) MIscells, at 24 and 48 h; theresultswer e expressed asthe mean = SEM in
triplicate measurementsfrom 2 separ ate experiments(n = 6).

Therefore, WPI very low cytotoxicity recommends
itspotentia use, withinalargeinterva of concentra-
tions (900- 9 ug cys/ml), in associated treatmentswith
other drugs at exposuretimesof 24 and 48 h.

The synergistic effect of WPI in associate tr eat-
mentswith doxor ubicin

Doxorubicinisan antineoplastic agent broadly used
inthetreatment of alargevariety of maignancies(solid
and hematologica). Nonetheless, the Dox clinical use
isrestricted because of frequent induction of dose-de-
pendent toxic side-effects including cardio- and
mi el otoxicity, asaconsequence of freeradical s pro-
duction by the cytostati cl*+1,

Animmediate gpproach against Dox prooxidative
effectson normd cellsmight bethecombination of drug
delivery with antioxidantg5,

Radiopr otective effect of WPI on irradiated hu-
man lymphocytes

Singlecell eectrophoresisin agarosegel (Comet
assay) isasengtive and efficient method to detect DNA
lesionsinduced by ionizing radiation at cellular level,
they rays-induced genotoxicity being detected before
producing cell death*”. We examined theinfluence of
WPI onthe DNA damage and repair capacity of hu-
man blood peripheral lymphocytesirradiated with y-

TABLE 1. I1C, valuesof Dox (uM) in associate treatments
with WPI, in Hfl-1 cells, at 24 hrs(n = 3).

Dox Dox + WPI (ug cys/ml)
900 180 90
1Cso (uM)  13.07 25.18***  18.95**  17.65**

***n<0.001, **p<0.01 by one-way ANOVA and Dunett mul-
tiple comparison test.
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rays, by using Comet assay. The cometswerevisualy
assigned using an Eclipse E-100 fluorescence micro-
scope (Nikon, Japan). At least 250 cellsper didewere
visually anayzed and included in one of the 5 catego-
ries(Figure2).

If thereisno DNA damage, thenucleoidsshowsno
taill. When DNA damage occurred, thenucleoidshave

Figure?2: Representative comet images showing different
levelsof DNA damgein human lymphocytes
tailslikecomets. The DNA damagewas calculated as
tall factor and theresultsobtained after 2 Gy irradiation
with andwithout WPI areshownin Figure 3.
Radioinduced DNA damage was suppressed by
1.17fold (vs. therespective control, p<0.05) whenlym-
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Figure3: Effect of WPI treatment on DNA damagein 2 Gy-
irradiated human lymphocytes, thevaluespresented asmean
+SEM, n=2 (* p<0.05, ** p <0.01)

phocytesweretreated with 450 ug cys/ml WPI. The
effect attenuated progressively with WPI doses de-
crease (TABLE2).

TABLE 2 : Tail factor in comet assay of lymphocytes
pretreated with WPI and irradiated with 2 Gy y-rays.

WPI Tail factor (mean + SEM)
(ng cys/ml) Control Irradiation  Repair
O (non-treated) 4.2+0.4  19.9+0.2 145+0.2
90 47+02 182+04 7.3+02"
180 54+08 17.2+0.6 6.1+06"
450 36+02 16.9+0.5" 42+02"

**p<0.01 (comparison with the corresponding non-treated
S?)llsé).OS (comparison with the corresponding non-treated cells)

Surprisingly larger differencesvs. the correspond-
ingirradiated cellswerefound inthenumber of residua
lesionsat 2 hrs. Thus, WPI significantly reduced the
levels of DNA damage (p< 0.01) by 2.93, 2.06 and
1.98fold, at doses of 450, 180 and 90 pg cys/ml, re-
spectively. A linear correl ation between WPI concen-
trationsand therepair of theradiation induced damage
(R?=0.99).

DISCUSSION

Theamino acid anaysisof WPI indicatesacom-
plex profileof 18 amino acidswith an e evated content
incysteine (2.26 g/100 g product). Cysteineisreported
asbeingthecrucia limitingaminoacidinintrace lular
glutathione (GSH) synthesis*®. Glutathioneantioxidant
systemistheprincipa protective mechanism of thecell
and experimental studiesdemonstrated that cysteine-
rich whey protein concentrates represent an effective
cysteinedelivery system for GSH repl enishment!*°l,
Thereafter, theinvolvement of GSH in cancer protec-
tionincludesareductioninfreeradica and other reac-
tive speciesamounts.

Cdl culture studies showed that whey protein con-
centrateswereabletoinhibit selectively cell growthin
human breast2°2Y and prostate cancerg™. Animal
models, usudly for colon and mammary tumors, nearly
always show that whey proteinissuperior to other di-
etary proteinsfor suppressionthetumor devel opment®.
Casereportsare presented which suggest an antitumor
effect of awhey protein dietary supplement in some
uro-genital cancers®.

We particularly attempted to exploit the cysteine-
rich content of WPI sowecombineditin pretrestments
with Dox or irradiation. The concentratevery low tox-
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icity isafavorable premisefor thistypeof treatments
and the product has proved to attenuate thetoxic side-
effects of the cytostatic drug. Previoudy, we demon-
strated that ared grape seed extract, in association with
Dox, synergistically reduced the negative cytotoxic ef -
fectsof druginnormal cellsin adose-dependent man-
ner, without weakening, even increasing, the drug
antiproliferative activity on tumor cells®, whilst a
tocotrienol containing pam oil protected unseectively
both normal and tumor cells?!. Ontheother side, anti-
oxidantsacting asfreeradica scavengersmight havea
key rolein radioprotection because radiation induced
genotoxicity ismediated al so through generation of free
radica swhich attack inclusively the DNA macromol -
ecules in biological systemd®?d, y-rays induced
genotoxicity was significantly reduced by WPI, par-
ticularly by accelerating the DNA repair damagein-
duced by radiation in human lymphocytesin amanner
rel ated to dose. Hencefore, we can conclude with the
hypothesissuggestedin literature® that WPI may pro-
tect the cellsindirectly by donating cysteinefor GSH
gynthesis. Confirmation of thishypothesisrequiresmore
indepthinvitro experiments.
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