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ABSTRACT

Cyclodextrins (CDs) are cyclic oligosaccarides with a hydrophobic central
cavity, currently used to increase the amount of nonpolar molecules deliv-
ery to biological systems. We evaluated cytotoxicity effect of B-, y- and
hydroxypropil-B-cyclodextrin and oxidative statusin V79 cell linewith re-
gard to reactive oxygen species generation and macromolecule damages.
Cytotoxicity wasassessed by MTT testin the range of doses of 0to 10 mM.
The activity of antioxidant enzymes; superoxide dismutase (SOD), glu-
tathione peroxidase (GPX), catalase (CAT), together with oxidative damage
biomarkers; malondialdehyde (MDA), dityrosine and 8-OH-deoxyguanosine
(8-OH-dG) were measured by spectrometry and HPL C methods. Theviabil-
ity of cells was inhibited by these compounds at concentrations of 5 mM
and higher and was considerable for y- and HP-B-CD respectively at 10
mM. They promoted ROS generation, increased enzyme activities and el-
evated thelevelsof MDA and dityrosinein which HP-B-CD was more effec-
tive. Treating cellswith 30 uM of a-tocopherol in additionto 10 mM of CDs
showed significant decrease on the levels of enzyme activities, MDA and
dityrosine. As conclusion the present study documents the oxidative radi-
calsforming ability of the studied cyclodextrinsand further strengthensthe
documentation of their cytotoxicity effects through lipid and proteins oxi-
dation damages particularly at levelshigher than their ordinary administra-
tion levels. © 2011 Trade ScienceInc. - INDIA
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INTRODUCTION

Cyclodextrinsarecyclic (toroida) oligo saccha-
rides, cage moleculeswith acone-like cavity!y. The
number of units determinesthe size of the cavity and
the corresponding names of cyclodextrins (CDs). The
cavity providesabinding stefor hydrophobic molecules

of appropriate dimensions?. They can encapsulate
many compoundsinashort timeandliberatethemina
prolongedtimedueto hydrophobicinteractionsbetween
theinterna part of CDsand theactivemolecules®. The
most common cyclodextrins used are a-, 3- and y-
cyclodextrin, with the corresponding of glucose units
(o0 =6, B =7, y =8). Derivatization of the hydroxyl
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groupsof thesecompoundsasoincreasessolubility and
sdlectivity compared to the native CDS. The non-toxic
nature of CDsand their biocompatibility makesthem
attractive additivesfor variousbiological products®.
These compounds areuseful formulation vehicles,
whichincreasetheamount of drug that can be solubilised
inaqueousvehicles, thusincreasing delivery of many
useful medicina agentsto biological systemg®™. Ac-
cordingly, asxenobiotics, they caninterferewith differ-
ent living systemsincluding normal oxidative metabo-
lismwithincells. Inaerobic condition, reactive oxygen
gpecies(ROS) aregenerated in cellsunder normal con-
dition and aso under theinfluenceof xenobictic agentsd.
Oxidative stressresultswhen reactive oxygen species
(ROS) arenot adequately removed. ROS can oxidize
biomoleculessuchasDNA, proteinsandlipidsand thus
may |ead to oxidativeinjury. Sincehalf-livesof ROS
areextremely short, biomarkers of oxidative damage
canbeusad for oxidative stressmonitoring®. Cdlshave
evolved variousantioxidant defensesto protect against
thedeleteriouseffectsof ROS, which includeenzymes
and low molecular massradical scavengerd'®tl, The
most important antioxidant enzymes are superoxide
dismutase (SOD), glutathione peroxidase (GPX) and
catalase (CAT). Superoxide dismutase catalyses
dismutation of the superoxide anion to hydrogen per-
oxide and molecular oxygen*?. Glutathione peroxidase
protectsthe membranelipidsfrom oxidative damage
and detoxifiesthe organic peroxided®d. Catdlaseinac-
tivateshydrogen peroxideto oxygen and water. Since
no study hasnot yet been performed on the possibility
of cyclodextrinsinterferencewith antioxidativeenzyme
activitiesand ROS production within cells, weinvesti-
gated the effect of 3-, y- and HP--cyclodextrinson
the SOD, CAT and GPX activities at their ordinary
administration concentrationsand over onV79cdl line.
We adso evaluated the levels of oxidative damage
biomarkersof lipids, proteinsand DNA.

MATERIALSAND METHODS

Chemicals

M ethylthiazol di phenyl-tetrazoliumbromide, 3-
cyclodextrinand dihydroethidiumwere purchased from
SigmaChemica Company (St. Louis, MO, USA). y-
cyclodextrin was provided from Cerestar USA, Inc.
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(Hammond, IN, USA) and hydroxypropil-f3-
cyclodextrin was obtained from Aldrich (Steinheim,
Germany). Culture medium and fetal bovine serum
Gibco Laboratories (Paid ey, Scotland). Culture me-
diumwasdilutedindistilled water. Ontheday of expo-
sure, thestandards of cyclodextrinsweredissolvedin
water, to prepare stock solutions. Stock solution of
cyclodextrinswerepreparedin distilled water and ster-
ilized by filtration through a0.22-p filter (Acrodisc,
Geman). Other chemical swereof highest quaity com-
mercialy available. For each treatment, the stock solu-
tionwasadded to the culture mediasol utionto provide
thefind favoritetreatment concentration.

Cdl cultures

V79 Chinese hamster cdlls(V79-UL) weremain-
tainedinminima essentid medium (MEM) with Earles
salts, supplemented with 10% fetal calf serum, 2 mM
glutamineand antibiotics. Cellswerecultivatedinahu-
midifiedincubator at 37°Cwith5% CO, atpH7.2and
harvested with 0.15% trypsinand 0.08% EDTA, Cell
culture mediawere obtained from Biochrom (Berlin,
Germany).

Cytotoxicity assay

Cytotoxicity wasevauated by theinhibition of cell
growth or reduction of cell viability. Amount of viable
cells was detected using the colorimetric
methyithiazol di phenyl-tetrazoliumbromideassay (MTT).
It was dissolved in phosphate buffer saline (PBS) solu-
tion at concentration of 5mg/ml and filtered througha
0.22 pum filter to sterilize and then stored at 4°C. Célls
grownin96-well tissueculture platesweretreated with
variousdosesof cyclodextrinsfor 24-h and wereincu-
bated with the reagent in the Cell Titer 96 Aqueous
One Solution Cell Proliferation assay kit (Promega,
WI). Theabsorbance of reduced tetrazolium compound
derived from the reagent due to dehydrogenase activi-
tiesin viable cellswas recorded at 490 nm with the
subtraction of absorbance of background at 650 nm
by amicroplate reader. Furthermore, cell numbersin
6-well plates were also counted after a 24 h
cyclodextrinstreatment at different doses.

Spectrophotometric assay of ROS production

Cells treated with different concentration of
cyclodextrins, and untreated control cellswere centri-
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fuged and incubated with 2 uM of dihydroethidium
(A,=360nm, & =420 nm) for 10 min, washed with
phosphate-buffered saine, and then ana ysed by spec-
trofluorometry in RPM1-1640 medium without phenol
red. Inthe presence of ROS, dihydroethidiumis oxi-
dizedto ethidium andfluorescenceinred (A, =640 nm).
The 640/420 nm fluoresces intensity ratio permit to
evduatetheproductionof ROSinliving cells. Raw data
were normalized with respect to control valueand re-
sultsexpressed asthefoldsincrease of 640/420 fluo-
rescent intengity ratios. Resultsaregivenasmean+ SD
of threeindependent experiments*7.

SOD activity assay

SOD activity assay was performed accordingto the
Spitz’s method™®. Cellswere homogenizedin 50 mM
potassium phosphatebuffer (pH 7.8). Total SOD activ-
ity was assayed at 25°C by the nitroblue tetrazolium
(NBT) reduction assay with bathocuproinesulfonate. The
rateof reductionof NBT by superoxide, whichwasgen-
erated from xanthi ne and xanthine oxidase, wasmoni-
tored spectrophotometricaly at 560 nm. Oneunit of SOD
was defined asthe amount of protein, which causesa
50% inhibition of therateof NBT reduction.

CAT activity

CAT activity wasmeasured by the method of Beers
and Sizer with dight modificationg™. For both CAT and
GPX activity assays, same preparation of sampleswas
used by homogenizing cellsin 50 mM phosphate buffer
(pH 7.4). Supernatant from 1000g centrifugetion of cell
homogenates was used for assays. The assay reaction
for CAT congsted of 50 mM potassium phosphate buffer
(pH 7.0), 0.02M H,0,, and samplesin atotal volume
of 1 ml. Thereactionwascarried out at 25°C. Therate
of absorbancechange (AA/min) a 240 nmwasrecorded,
whichindicated thedecomposition of H,O,. Activities
werecd culated using themol ar extinction coefficient of
H,O, a 240 nm, 43.59 L/moal-cm.

GPX activity assay

Activity assays of selenium-dependent GPX were
performed as previoudy described°24, The coupling
reagent cons sted of 50 mM Tris-ClH buffer (pH 7.7),
glutathione, glutathionereductase, sodium cyanide, and
NADPH. The coupling reagent in 875 and 100 pl of
samplewasincubated for 2 min at 25C and hydrogen
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peroxide (final 25 uM) wasadded to initiatethe reac-
tion. AA/min at 340 nm was recorded. AA /min of
blank, inwhich samplewasreplaced by Tris-CIH buffer,
was a so recorded. The net AA /min of samples after
subtracting theblank ratewasused to cd culatethe GPX
activity us ngthemolar extinction coefficient of NADPH
at 340 nm, 6220 L/mol-cm.

High-performanceliquid chromatography (HPL C)
assay of TBA+MDA

After crownsincubationtheV 79 cellswere scrgped
off, usngacdl craper, and centrifuged (5 min, 800xQ)
and werewashed twicein nominally calcium and mag-
nesium freeMEM. Thecdlswereresuspendedin 0.8
ml NaCl, (0.9%, w/v) at 4°C. Aliquotsweretaken for
protein anaysis(Bio-Rad)?? and the cellswerelysed
and proteins precipitated with 40% trichloracetic acid
(TCA), w/v. The MDA assay is based on the conden-
sation of onemol ecule mal ondia dehydewith two mol-
eculesof thiobarbituric acid in the presence of reduced
reagent volumesto increase sensitivity!®, generatinga
chromogen with UV absorbance.

The TBA+MDA complex wasanayzed by HPLC
essentialy asdescribed by Bird B. R. et al.[24] Briefly,
the HPL C system consisted of aHewlett + Packard
1050 gradient pump (Avondae, PA) equipped with an
automatic injector, a1050 diode-array absorption de-
tector and apersona computer using Chem Station
Software from Hewlett + Packard. Aliquots of the
TBA+MDA samples were injected on a5 mm
Supelcosil LC-18 reversed phase column (30 x 4.6
mm). Themobile phase consisted of 15% methanol in
double-distilled water degassed by filtering through a
0.5um filter (Millipore, Bedford, MA). The flow rate
was 2 ml/min. MDA+TBA standardswere prepared
using tetraethoxypropane.

The absorption spectraof standardsand samples
wereidentical with acharacteristic peak at 540 nm.
Measurements were expressed in terms of
malondia dehyde (MDA) normadizedtothecdl protein
content.

M easur ement of dityrosine

Purification of 0’, 0’dityrosine was accomplished
by preparative HPLC. 0’, o’Dityrosine was recovered
by gradient e utionfrom the C-18 column (Econosi| C18,
250mmx10 mm), The composition of e uent varied
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linearly from acetonitrile-water-TFA (1:99:0.02) to ac-
etonitrile-water-TFA (20:80:0.02) over 25 min. The
gradient was started 5 min after theinjection. A flow
rate of 4 ml/minwasused. 0’, o’-Dityrosine was ana-
lyzed by reversed-phase HPL C with smultaneous U V-
detection (280 nm) and fluorescence-detection (ex. 280
nm, em. 410 nm). A phenomenex inertsil ODS 2 (150
mmx4.6 mm, 5um) HPLC column (Bester,
Amsterdam, The Netherlands) equipped with aguard
column was used for these analyses. A gradient was
formed from 10 mM ammonium acetate, adjusted to
pH 4.5 with acetic acid, and methanol, starting with
1% methanol andincreasing to 10% over 30 min. The
flow ratewas 0.8 ml/min. A standard dityrosinesample
was prepared according to Ref.?%, Dityrosine was
quantified by assuming that itsgeneration fromthere-
action of tyrosinewith horseradish peroxidaseinthe
presenceof H,O, wasquantitative (using theextinction
coefficiente, .=4.5mM*cm™at pH 7.5).

Deter mination of 8-hydroxydeoxyguanosine (8-
OH-dG)

A sensitive analytical technique, described el se-
where?”l, was used to measure the amount of 8-OH-
dG by HPLC (Unicam; Ultrasphere-ODS; 5um,
4.6x250 nm) coupled to an el ectrochemical detector
(ESA Coulochem l: guard cell, 0.35v; detector 1, 0.15
V; and detector 2, 0.30V). Briefly, the nuclear DNA
from cellswasextracted usng the DNA Extractor WB
Kit (Wako Biochemicads, Osaka, Japan). Theextracted
DNA samplesweredigested with nuclease P1 (0.8 U,
Yamasa, Chiba, Japan) and acid phosphatase (1U,
SigmaChemicad) inasolutionof 1 mM EDTA and 10
mM sodium acetate (pH 4.5). After incubation at 37°C
for 30 min, theiron exchangeresnMuromacwas added
to removetheNal and the mixturewas centrifuged at
15,000 rpmfor 5 min. Thesupernatant wastransferred
toan Ultrafree Probindfilter (Milipore, Bedford, MA)
and then centrifuged at 10,000 rpm for 2 min. Thefil-
tered deoxynucleoside wasinjected onto the HPLC
column. Standard sample of dG (0.5 mg/ml) and 8-
OH-dG (5ng/ml) solutionswere used for comparison
with the samplesof the subjects. Themolar ratio of 8-
OH-dG to dG was cal culated based on theintegrated
peak areaof authentic 8-OH-dG with an e ectrochemi-
cal detector and UV absorbance of dG usingamillen-
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Figurel: Cyclodextrins: p-cyclodextrin (-CD, 7 glucose
monomer s) with R=H group., y-cyclodextrin (y-CD, 8 glucose
monomer s) with R=H group., Hydr oxypr opil-pB-cyclodextrin
(HP-B-CD)withR=C_,H.OH or H group

nium software (Waters, Milford, MA). Thetiter of 8-
OH-dG isshown asthenumber per 10° guanineresidues.

Satistical analysis

Each experiment (n> 3) wasrun at least in dupli-
cate and the data presented are given asmean + SD.
Statistical analysisof datawas performed by analysis
of variance (ANOVA) using the SPSS-PC1 version
4.01 (SPSSINC., Chicago, IL). A level of P< 0.05
wascongdered gatidicdly sgnificant for dl experiments.

RESULTS

Thefirst biological test, MTT, wascarried out to
determinethetoxicity of all samples, we used 3-CD,
v-CD and HP-B-CD over arange of doses (0.5-10
mM) and dataare presented in figure 2. Soluble pow-
ders of tested compounds exhibited anidenticd, i.e.
excellent biologica behavior upto 2.5 mM with per-
cent of corresponding control of 87-100%. At high con-
centrations (5 mM and over), they showed cytotoxic
effect inwhich around 60% of viability was observed
after exposure of cdllsto 10 mM of HP-B-CD. All CDs
reveled atoxic effect with a50-% |ethal concentration
of 15, 14 and 12.5 mM for -, y- and HP-B-CD re-
spectively. Ascomparison, HP-B-CD at 10 and then
a 5mM inhibited markedly and significantly theviabil-
ity after 24 hincubation with respect to 8-, y-CDs.
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TABLE 1:Activitiesof antioxidant enzymesin V79 cellsafter 24 h treatments?

BCAIJ, 5(1) 2011

Conce’ p-CD y-CD HP-B-CD
(mM) SOD CAT GPX SOD CAT GPX SOD CAT GPX
(U/mg.protein) (uM/min/mg) (nM/min/mg) (U/mg.protein) (uM/min/mg) (nM/min/mg) (U/mg.protein) (uM/min/mg) (nM/min/mg)
0 1821 +27 6.82+15  2113+25 1821+2.7 6.82+15 21.13+25 18.22+2.7 6.82+15 21.13+25
05 1638 +2.1 6.17+11  2208+26 17.11+1.9 6.39+17 20.25+2.2 19.06 +1.8 6.24+1.8 19.74+1.8
1 1581 + 32 573+18  2471+28  1465+28" 758+ 1.6 26.08 +2.4 2381+2.2 7.93+2.1 28,66 +2.8
25 2488+36°  742+16  2864+34°  27.14+32° 819+18  3424+45°  2033+35°  1452+26° 3617+42°
5 3263+47° 1385+28° 3741+42° 3381+41° 1539+24° 4410+52°  4029+48°  2015+31° 47.28+55
10 4334+52° 2853+38° 4917+6.1° 4815+56°  3146+35° 5142+62° 57.81+59%  37.42+37% 5062+6.4%

3Data are presented as mean + SD (number of replicates = 5). *Significant difference from control (P<0.05). “Significant differ-
ence with respect to g-CD

TABLE 2: Thelevesof lipid peroxidation, protein and DNA oxidative damagebiomarker sof V79 cellsafter 24 h exposure
tocyclodextrins®

Conce” B-CD y-CD HP-B-CD

(mM) MDA Dityrosine 8-OH- MDA Dityrosine 8-OH- MDA Dityrosine 8-OH-
(nM/mg.protein) (nM/mg. protein) dG/10°dG (nM/mg.protein) (nM/mg.protein) dG/10°dG  (nM/mg. protein) (nM/mg.protein) dG/10%dG
0 12.65 + 2.10 084+019 637+056 1265+210 084+019 637+056  1265+2.10 0.84+0.19  6.37+0.56
0.5 1041 +1.84 0.77+021  684+047 11.37+224 0.89+022 593+052  13.71+1.62 097+0.15  6.80+0.57
1 9.73+231 0.68+0.10 571+038 13.22+260 0.71+019 542+041  1411+152 0.61+0.17  571+0.50
25 1210 +2.18 0.88+0.16 691+051 10.69+1.81 094+025 662+043  16.20+1.91 125+031  7.53+061
5 1481 +2.72 132+027 742+055 1752+284 146+051 7.73+062  3216+4.10% 3.49+041%  812+063°
10 21.33+345° 259+041° 763+076 2935+413°  307+152° 724+060  4538+541% 6.34+1.87  8.83+0.68°

3Data are presented as mean + SD (number of replicates = 5). PSignificant difference from control (P<0.05). *Significant differ-
ence with respect to g-CD

TABLE 3: Thelevelsof oxidativedamagebiomar ker sand antioxidative enzymeactivitiesafter 24 h treatment with 10mM
of each cyclodextrinsin theabsenceand presenceof 30 uM alpha-tocopher ol

Treatment (U/mgs.(;rD otein)  (uM frr/: -rll—/mg) (M /Gni il(/mg) ("M /rwg%/?otei n) (nMD/Ir%r.g?Qtzi n 8©OH-dG/10dG
None 18.21+2.7 6.82+15 21.13+25 12.65 + 2.10 0.84+0.19 6.37 + 0.56
B-CD 4338 +5.21 2853+38"  49.17+6.17 21.33 + 3.45' 2.59 + 0.417 7.63+0.76
B-CD + o-TCP 24.35+3.1% 11.74+1.7%  28.07+3.2° 15.82 + 2.62 112 +0.23 5.14 + 0.42
y-CD 48.15 +5.6' 31.46+35" 5142+6.27 29.35 + 4,131 3.07 + 152 7.24 + 0.60"
y-CD + a-TCP 30.27 + 3.4 17.39+22% 3856 +4.1" 19.70 + 2.84" 2.16 + 0.48" 6.02 + 0.41
HP-p-CD 57.81+5.97 37.42+37"  5962+647 45.38 + 5.417 6.34 +1.87 8.83 + 0.68"
HP-B-CD +o-TCP  28.65+3.8" 2514 +32% 3647 +4.6" 27.18 + 4.02* 2.73 + 1.41* 5.64 + 0.47
o-TCP 12.81 + 1.47% 412+13 15.30 + 2.2 9.11+1.81 0.68 +0.16 472 +0.38

“Significant difference from control. 1Significant difference from control and from treatment in the presence of a-TCP (P<0.05)

Exposureof cdlsto cyclodextrins showed that they
were capableto exert marked effect on ROS produc-
tioninV79cdl culturebelow 5mM (Figure3). Onthe
other hand, the considerableincreasein ROSIevel was
only significant at 5 and then at 10 mM of HP-B-CD
against B-CD. Inthistest, treatment of cellswith each
compound at 10 mM caused increasein formation of
ROS, devating upto 2.8-and 3.2-fold of control for y-
and HP-B-CDsrespectively.

Antioxidativeenzymeactivitiesincel cultureafter
24 hincubationarereveledin TABLE 1. Trestment of
cdlIswith each cyclodextrin caused Significant increase
on enzyme activities at concentration of 5 mM and
higher with respect to control . Among these enzymes,
therewasonly significant increasein SOD and GPX
activitiesat 2.5 mM in comparison with control. How-
ever, CAT activity wasaso significantly higherincells
associated with HP-B-CD treatment at thisconcentra-
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Figure2: Cytotoxicity of different cyclodextrinsin V79 cells
asassessed by MTT test after 24 h treatments. Resultsare
presented asper cent of corresponding control and r epresen-
tativeof at least thr eeduplicated independent experiments

tion. Therewereinggnificant increasesin enzymeactivi-
tiesfrom 3-CD to HP-B-CD for each concentrationin
therange of treatment doses. On the other hand, cells
incubated with 10mM HP-B-CD reveded significantly
increaseinenzymeactivitieswith respect to 3-CD.
TABLE 2 showed that theformation of 8-OH-dG
dityrosneand MDA asDNA, proteinsand lipidsdam-
agebiomarkersoccurredin control conditionand var-
iedinsignificantly at trestment dosesof 0.5, 1and 2.5
mM for each CDswith respect to control. Theleve of
MDA and dityrosnedevated sgnificantly at 5mM and
higher concentration of HP--CD in comparison with
control. Incubation of cellswith 10 mM of 3- and/or y-
CDscaused sgnificantly increaseinthelevelsof MDA
and dityrosine. Therewereingignificantly variationsin
thelevelsof 8-OH-dGin cellsexposed to 3- and/or y-
CDswith respect to control in the range of doses of
0.5to 10 mM. In addition, HP-B-CD caused signifi-
cantly devationin MDA and dityrosineat 5mM andin
all tested oxidative biomarkersat 10 mM with respect
to 3-CD. Antioxidativeenzymeactivitiesadongwith the
levelsof MDA, dityrosneand 8-OH-dG intreated cells
with CDsin the presence and absence of a pha-toco-
pherol (o-TCP) arepresented in TABLE 3. These pa-
rameters decreased significantly in each cyclodextrin
(10 mM) treated cellsin the presence of a-TCP (30
uM) as compared with treated cells in the absence of
thisantioxidant. In spite of these decrements, the dif-
ference between control and treated cellswith y-, 3-
and/or HP-B-CD in presence of a-TCPweresignifi-
cant for thelevel sof antioxidativeenzymeactivities. In
presence of a-TCRP, therewasaso significant increase
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Figure3: ROSproduction levelsin V79 cellstreated for 24
h with different concentration of cyclodextrins. Resultsare
expressed asmean + SD of at least threereplicated indepen-
dent experiments

iInMDA and dityrosinelevelsin treated cellswith y-,
and/or HP-B-CD with respect to control. Alpha-TCP
adoneinduced S gnificant decreaseinthelevel sof SOD,
GPX and caused aninggnificant decreasein other sud-
ied parametersin thistable ascompared with control.

DISCUSSION

Natural cyclodextrinsare cyclic amylose-derived
oligomers composed of avarying number of a-1-4-
linked glucose unitsthat are formed by the action of
bacteria enzymeson starch. Because of their ability to
form stableinclusion complexeswith organic molecules,
they have received considerabl e attention. 3-, y- and
HP-B-CDsare all used success fully to incorporate
drugsinto aqueousvehicles?®?1, Accordingly, different
living systems can be exposed to these compoundsas
xenobiotics. Toxicity profileof theseexogenouschemi-
cashasbeeninvestigated extensively®, however, our
study wasthefirst initskind that searched cytotoxicity
effectsof three CDsfollowing V79 cdll trestment with
regard to ROS generation process and antioxidative
enzymesresponses. V79 cell linewasconsidered asa
living system model that has been frequently used to
clarify themechanism of cytotoxicity and ROS effects
in responseto various compounds®Y, Our datadem-
onstrated that 3- and y-cyclodextrinsdid not inhibit the
proliferation of cultured cell in the range of doses of
0.5-5mM and therewasdightly inhibition on viability
test by HP--CD at 5 mM. Non-toxic effect of these
compounds was al so reported by many authors that
used CDsfor therapeutic administration and toxicity
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study’*234, They concluded that HP-3-Cd and then 3-
and y-CD were well tolerated in the animal species
tested with limited and reversibletoxicity. Thelow toxic
effect of CDsand their water solubility makethese host
compoundsparticularly amenablefor thedesign of drug
carierstoincreasether bioavailability™!. Duetothese
documents, cyclodextrin complexation with antimycotic
drugs revealed moretoxic effects on human TR146
buccal cdl culturemodd with respect to nativeantifun-
gd drugadministration. Thetoxicity did not arisefrom
CD treatment even at 4 mg/ml and was dueto drug
super-saturation, thereby increasing the bioavail ability
of antimycoticg®. Wefound considerabl e cytotoxicity
of tested compounds at 10 mM in which HP-3-CD
showed around 40%inhibitiononMTT assay. Inagree-
ment with our finding, Ulloth et d., reported that expo-
sure of NGFDPC12 cells to 0.12% methyl beta
cyclodextrin dosenot affect cell viability, but 0.18% or
higher concentrationstrigger massvelossof cell viabil-
ity and apoptotic cell deatht*.
Hydroxypropil-derivativesof 3-CD haveamuch
higher water solubility and stability than the native -
CD and may bedightly moretoxicologically benign. In
addition, the HP-B-CD derivativesgiveriseto fewer
concerns about safety than the native 3-CD with re-
gard to parental administration’>*”. Itisour conviction
that thedifferencein observed cytotoxicity intensity of
CDsat 10mM may beafunction of their hydrophobic
cavity propertiesor the ability of CDsto induce pertur-
bationsinthecell membraneinwhich cholesterol play
important rol€”, It issuggested that the negative ef -
fectsof CDsoncdll viability may beattributetotherole
of thesemoleculesin depleting cholesterol fromthecell
membrane. Cyclodextrinshavedifferent ability inre-
moving cholesterol from cell membrane. Theefficiency
by which cyclodextrinsmediated cholesterol transfer is
related to their ability to reducethe activation energy
for cholesterol incorporation into their hydrophobic
cavity when they interact directly™®. In addition, the
differencesintheability of cellsto metabolize CDscould
be considered asamain factor ontheir living effects.
These cyclodextrin molecules, dthough smilar intheir
unit makeup, possessdightly different absorptionrates,
possibly dueto differencesin degradation processes®.
Ontheother hand, it hasbeen confirmed that variation
inviahility of cdl cultureisusudly associated with dter-
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ationin oxidative processwithintreated cel1S%°4%, Ac-
cordingly, Chinese hamster V79 cell cultureexhibited
considerabledevationin ROS|evd after 24 hincuba
tionwith 5and/or 10mM of CDsparticularly with HP-
B-CD.

Apart fromthese documents, it hasnot beenindi-
cated whether increasein ROSformationisimplicated
in cell damage and toxicity after exposureto CDs. To
clarify and monitor theinvol vement of oxidative dam-
ageinthetoxicity of xenobiotics, biomarkersof ROS
damages on macromol eculescan be used*Y. Theabun-
dant presenceof membranephospholipidsa steswhere
ROS areformed rapidly affected them and leading to
lipid peroxidation. Thisdegenerative propagation re-
actionisaccompanied by theformation of MDA, the
most widdy used index of lipid peroxidationd. To bet-
ter characterize whether bulk proteinswere damaged
by ROS, we measured the levels of o, 0'’-dityrosine.
One €l ectron oxidation of L-tyrosine generateslong-
lived tyrosyl radicals, can react with each other and
formdityrosinethat isconsidered asanovel biomarker
of protein oxidation damage®!. With regardto theim-
portance of these biomarkers, wefound detectablelev-
elsof o, 0’-dityrosine and also MDA not only in con-
trolsbut dsointreated cellswith0.5t0 2.5mM CDs
that werenot cytotoxiclevds. Thesefindingssuggested
that abaselinelevel of bulk cell proteinsand lipids
oxidation damageexist innorma conditionandin non-
toxic treatmentsthat rise from normal oxidative pro-
cesswithout perturbation*!l. However, considerable
and significant elevation in the levels of oxidative
biomarkersin treated cellswith 10 mM of CDspro-
vided direct evidence that CDs exposure was arel-
evant sourceof oxidative stressinwhichloca produc-
tion of oxidativeradicasplayedimportant roles. In par-
ticular, evidenceexist that decreasein el viability after
exposure to ROS inducer is accompanied by an in-
creased formation of MDA and dityrosing®#, Another
major macromoleculetarget for ROS attack isSDNA
that oxidative modification of its bases may release
modified bases among which 8-OH-dG isconsidered
asbiomarker of DNA oxidativedamage. Theleve of
thisparameter did not varied significantly in 8- and/or
v-CDstreated cellsin therange of studied concentra-
tionswith respect to control, suggested that the rate of
oxidative DNA damageand repair were gpproximeately
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balanced“?). On the other hand, treated cellswith 10
mM HP-B-CD caused significant increase in this
biomarker ascompared with control that may resulted
from highest ROS|evel appeared among treatments,
exceeded DNA oxidative damagefromtheleve of re-
pair. Continuous exposure of aerobic organisms to
proxidant chalengeshasendowsliving cellswith effi-
cient and sophisticated antioxidantssystems. Asthemost
important members of the enzymatic defense system
including SOD, CAT and GPX havebeen distinguished.
Accordingly, our evaluation revealed abaselinelevel
of theseenzymesin controlsand intreated cellswith
0.5and 1 mM of CDsleading to limitation of ROS
elevation with respect to control. In addition, enhanced
enzymeactivitiesof trestmentswith 2.5mM and higher
in our study consisted with other reports that have
shown these enzymestriggered by ROS*74,

Another layer of protective system consisted of
non-enzymetic defense, including a-tocopherol and its
derivatives. With regard to thislayer importance, we
along with other authors, observed considerable de-
crease effect of a-tocopherol on biomarkerslevelsof
key cdlular macromoleculesoxidative damage; MDA,
dityrosine, and a so on enzymatic defense system#249,
Thiseffect might be ascribed to the scavenging activity
of a-tocopherol on ROS and particularly due to its in-
hibitory effect on lipid peroxidation™,

The observed protecting effect of a-tocopherol on
induced ROStoxicity have been shownmainly isasso-
ciated with plasmamembrane®! dthough cyd odextrins
could notably improve the migration time of a-toco-
pherol asalipophiliccompoundintothecell membrane.
CDsenhancethe solubility of nonpolar substancesby
non-coval ent incorporation of thelipophilic portion of
themoleculeinto their hydrophobic cavity®. Our find-
ingsthat a-tocopherol decreases the yield of proteins
oxidativedamage, must thereforebe gppreciated within
the context of an oxidizing toneinwhichmorethan one
oxidant wasinvolved and a-tocopherol probably acted
onmorethan onefreeradical species. Collectively, as
theinterest to usethese cyclodextrinsintensifies, the
present study documentstheradica forming ability of
the studied cycl odextrinsat high concentrationsand fur-
ther strengthensthe documentation of their cytotoxicity
effectsthrough lipidsand protei ns oxidative damages.
Theinvolvement and initiation pattern of our cyclodex-
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trinsin these processes may possibly be attributed to
their cavity sizeand depth and to their ring substituents
that areknown asimportant factorsin their biological
activities. Itisalso our conviction that cyclodextrinsin-
teractionswithlipidsand proteinswithinmembraneand
cellsmay besuggested asapart of mechanism for ROS
generation. However, the precise mechanismsin detail
through which cyclodextrinsincreasecdlular ROSleve
and the pattern of their oxidative effectsin our treated
cdlsareunclear and under investigation.
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