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ABSTRACT KEYWORDS
Background: Macrocyclic diamides are derivatives of two Tri-Azamacro- Crown ether;
cyclic crown ethers, poses the ability to transport across membrane and Genotoxicity;
interfere with different living systems. The genotoxic potential along with A549cdls;
cytotoxicity of dibenzo sulfoxide (DBSO) and dibenzo sulfide (DBS) macro- Reactive oxygen species;
cyclic diamides were comparatively checked by various biochemical tests Micronucleus;
inA549 cell line. HPRT;
M ethods. We assessed the effects of these substances in a range doses Comet assay.

(0.1to 8 mMol) on ROS level, cellular viability, colony efficiency, micro-
nucleus (MN), comet test and on HPRT gene mutation.

Results: Both compoundsrevealed cytotoxicity effectson cell culture par-
ticularly at doses >1 mMol after 24 h incubation. They decrease colony
efficiency and cellular viability of cells and significantly promoted ROS
generation. There were also marked increase in; MN frequencies, DNA
migrationin comet assay and gene mutation induction at the HPRT locus, in
which DBSOM D was more effective. Genotoxicity appeared at concentra-
tions that were cytotoxic.

Conclusion: We documented ROS generation potential of the studied crown
ethers and their possible consequence cytotoxicity. We also presented in-
dications of genotoxicity effects through DNA damages.

© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION with novel performance and character for its hydro-

phobicity of outer ethylene group (substituted or

The crown etherswerethefirst neutral synthetic  unsubstituted) and orderly arrangement of inner oxa
compounds, whichwerefoundtobeabletofromstable  aom. Thestructurd smplicity of crown ether molecules
complexeswithakali metal iong¥. Crownringswith  alowsawidevariety of andogsto besynthesized with
spatial conformation will endow functional molecular  varying ring sizes and number of oxygen atoms?. Be-
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causeof their characteristics, cond derabl e attention has
been paid to theeffectsof their new synthesized kinds
on biological systems. In spit of cytotoxic effects of
known crown ethers on prokaryotic and eukaryotic
organisms, many studies suggested they are not
genotoxicin mammalian cells°®. Onthe other hand,
crown ethers have many derivativesincluding macro-
cyclic diamides (as Tri-Azaheteromacrocycles) that
their possibleeffectson biological systemsare of re-
cent scientificinterestsand under investigation.

These materiad sasexogenous compoundsmay in-
terferewith oxidative-mediated toxicity withincellsvia
freeradicalsover production. Oxidative stressresults
when reactive oxygen species (ROS) arenot adequately
removed. Thiscan happenif theformation of ROSis
increased beyond the ability of antioxidant defenseto
cope with them and/or if antioxidants are depleted™.
Free radical s can cause extensive chemical modifica
tionsin DNA including modified bases and strand
bresks®. Sinceoxidative DNA damageiscontinuoudy
induced and repaired, asteady-statelevel of oxidative
DNA damageisexpected under normal conditions.
Oxidative stresscausesan increasein oxidative DNA
damage that the comet assay isparticularly suited for
measuring and detected them as DNA breaksand al-
kali-labile steswith high sengitivity. Someof thesed-
terationsrepresent pre-mutageniclesionsand are sup-
posed to bedirectly involved inthe processof carcino-
genesi§9. Comparative studies of ROS-producing sub-
stancesdlow corrd ating the pattern of oxidative dam-
agesto pattern of induced genotoxic and mutagenic ef-
fects. Inthisway themutagenic potentid of varioustypes
of ROS can be evaluated™. The genotoxicinvitro ef-
fectsof organic compounds can be eva uated by comet
assay and micronucleustest, and mutagenicity can be
determined by the established HPRT-mutagenicity test
inmammalian cells. Since, no study has not yet been
performed on genotoxicity of two nove synthesized Tri-
Azaheteromacrocycles, theaim of our study wasto
check their genotoxicity on the human lung epithelial
cell lineA549 asamode of human typell alveolar
cells. Weal so investigated their ROS generation po-
tential and determined whether the induced damages
also leaded to the formation of gene mutations at the
HPRT gene. Furthermore, wetested theability of these
compoundstoinduce DNA effectsinthe comet assay
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that detects DNA strand breaksand d kali-labilesites
withhigh sengitivity®.

MATERIALAND METHODS

Chemicals

High puremethylthiazol di phenyl-tetrazoliumbromide
and dihydroethidium were purchased from Sigma
Chemical Company (S. Louis, MO). Culturemedium
and fetal bovine serum Gibco Laboratories (Paisley,
Scotland). Culturemediumwasdiluted indistilled wa
ter. Two new synthes zed and crystallized macrocyclic
diamideswerekindly gifted by Professor A. Shockravi,
from laboratory of organic chemistry, University of
Tarbiat Moal em{2% 14,

Dibenzo sulfidemacrocyclicdiamidewas; 7,10,13-
Triaza-1-thia-4,16-dioxa-20,24-dimethyl-2,3:17,18-
dibenzo-cyclooctadecane-6,14-dione, and dibenzo
sulfoxide macrocyclicdiamidewas; 7,10,13-Triaza- 1-
sulfoxo-4,16-dioxa-20,24-dimethyl-2,3:17,18-
dibenzo-cyclooctadecane-6,14-dione.

Macrocyclic diamideswereutilized without further
purification. Other chemicaswereof thehighest qual-
ity and purity, commercially available. Onthe day of
exposure, the stlandards of Macrocyclic diamideswere
dissolved in ethanol, to prepare stock solutions. For
each treatment, the stock solution was added to the
culturemediasolutionto providethefind favoritetrest-
ment concentration. Culturemediasol utionswerester-
ilized by filtration through a0.22-p filter (Acrodisc,
Gdman). Thedight amount of ethanol intheincubating
solution waslessthan 0.1%. Subsequent experiments
presented equiva ent amount of ethanol, however, had
no apparent effect onbiological parameters.

Cdl cultures

Thehumanlung carcinomaepithdia cdl lineA549
was obtai ned from Pasteur Institute Cell Bank, Iran).
Thecdlsweremaintainedin 75 cm? tissuecultureflasks
(Becton Dickinson) in culture medium: Dulbecco’s
modified Eagle medium (DMEM; Biochrom) supple-
mented with 10% heat-inactivated fetal calf serum, 2
mM L-glutamine, 100 IU/ml penicillin and streptomy-
cin(GibcoBRL) at 37 °C inahumidified aamosphere
with 5% CQO,,. For the assays and the continuous cell
propagetion adherent monol ayersin exponentia growth

e, BIOCHEMISTRY

Hn Tndéan g%wumé



238

Evaluation of the genotoxic properties of dibenzo sulfide

BCAIJ, 5(4) 2011

Regular Poper ===

phase (about 80% confluence) were harvested with
trypsin/EDTA (0.05%/0.02%) in phosphate buffered
sdine(PBS; Biochrom).

For MTT-assay, cellswere plated in flat bottom
96-microtiter plates(Nunclon, Nunc) in 100 pl growth
medium at densitiesof 5000 and 10,000 cellsper well
and dlowedto attachfor 24 hat 37°Cin 5% CO,. At
both densities cellsremained in exponential growth
phase during theexposuretime. 100 ul of culture me-
dium (control) or culture medium contai ning test sub-
stance were added to each well with six replicasfor
each concentration. Theplateswerethenincubated for
further 24 h. Wellswithout cells (background) were
dwaysexaminedinpardlédl.

MTT assay

Theassay was performed essentially asdescribed
byAlley etd., ™. Briefly, cellsgrownin 96-well tissue
culture platesweretreated with variousdoses of crown
ethersfor 24 h and at theend of theincubation period
50 pl of MTTE(4,5-dimethylthiazol-2-yl) 2,5-
diphenyltetrazolium bromide; Sigma-Aldrich Co.] so-
lutionin PBSwas added to eachwdll (final concentra-
tion 0.4 mg/ml) and cultureswereincubated a 37°Cin
5% CO, for 4 h. Then medium was carefully removed
by pipetting and formazan crystalsweredissolvedin
150 ul DMSO. After 10 min agitation on a shaker the
absorbancewasmeasured usngamicrotiter platereader
(SLT-Labinstruments, Germany) at awave ength of 550
nm (test) and 620 nm (reference) respectively.

Reativedoningefficiency CE asameasurefor long
term survivability was determined by plating 200 cells
into four replicate petri dishes (@ 60 mm). After culti-
vationover night, cdllsweretreated asindi cated, washed
twice and then cultivated for another 7 daysin fresh
medium. Colonieswerefixed, stained and counted. Sur-
viva wasdetermined in relation to the corresponding
control.

Spectrophotometric assay of ROS production

Cdllstreated with different concentration of mac-
rocyclic diamides, and untreated control cellswere cen-
trifuged and incubated with 2 uM of dihydroethidium
(A,=360nm, A =420 nm) for 10 min, washed with
phosphate-buffered saine, and then ana ysed by spec-
trofluorometry in RPM-1640 medium without phenol
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red. In the presence of ROS, dihydroethidium isoxi-
dized to ethidium andfluorescenceinred (A, =640nm).
The 640/420 nm fluorescesintensity ratio permit to
evauatethe productionof ROSinliving cdlls. Raw data
were normalized with respect to control valueand re-
sultsexpressed asthefoldsincrease of 640/420 fluo-
rescent intensity ratio. Resultsaregivenasmean + SD
of threeindependent experiments*2.

Micronucleustest

About 3x10° cellswere seeded into flasks (T25)
and treated with thetest substancesthe next day (about
24 h) for 1 h. A sampling time of 18 hwas chosen and
the preparation of the cultureswasthe sameasinthe
chromosome aberrationtest with theexception that af-
ter adding the hypotoni ¢ sol ution the cell swere centri-
fuged immediately. Slideswere stained briefly (about
10 s) in acridine orange (125 mg/ml), rinsed in PBS
and evaluated at a fluorescence microscope. Cells
(1500) were scored per dideand thefrequency of cells
withmicronucle wasdetermined. Only mononuclested
cellswithwell-preserved cytoplasm containing five or
fewer micronuclel (smaller than onethird of theareaof
themain nucleus, not linked to themain nucleus) were
considered.

Chromosomeaberration test

About 10° cellsweretreated for 2 h and analyzed
18 hlater. Chromosomeswere prepared according to
standard procedures. Hypotonic treatment was per-
formed with 0.4% K Cl (37°C) for 25 min. Thecells
werefixed with methanol: acetic acid 3:1 and thefixa-
tivewas changed twice. Air-dried dideswere stained
with Giemsa5%in Sorensen buffer and scored for chro-
maosomeaberrationsaccordingto thefollowing criteria:
Chromatid-type aberrations breaksand exchangesand
chromosome-type aberrationsbreaks, ringsand dicen-
trics. Gapsand polyploid cellswered so recorded, but
not considered for the eva uation of mutagenicity. One
hundred metaphases per culturewere anayzed for the
presenceof chromosomal aberrations. Metaphaseswith
morethan 5 aberrationswere classified ascellswith
multipleaberrations.

HPRT genemutation test
About 5million cdllsweretreatedfor 1 hin 75 cm?
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cdl cultureflasks. Survivd (rdativecloning efficiency,
CE) wasdetermined by plating 200 cdllsinto 4 replica
Petri dishes at the end of the treatment. The treated
cultures (aminimum of 2x10° cells) weretransferred
asneeded during the expression period. After 7 days,
2x10° cellswereplatedinto 5 replicaPetri disheswith
sdectivemedium (10 pg/ml 6-thioguanine. At this time,
the cloning efficiency (CE 2) wasdetermined in non-
selective medium four 60-mm replicaPetri disheswith
200 cells each. After one week, colonieswere fixed
with methanol, stained and counted. Theresultsare
expressed asmutantsper million surviving cells.

Molecular analysisof HPRT mutations

Multiplex PCR was performed as described ear-
lier®. Exons2-9 of the HPRT gene were amplified
simultaneoudly, and aseparate reaction was madefor
exon 1. 15 ul of PCR product each were subjected to
separation by electrophoresis on a 2% agarose gel
(Biozym, Berlin, Germany) and stained with ethidium
bromide. Mutantswere classified into three different
categories according to their HPRT amplification pat-
tern: (1) total deletion: mutantswithout amplification
product for any of the HPRT exons; (2) partial dele-
tion: mutants|acking amplification productsfor oneor
moreexons, (3) wild-type pattern: mutantswith undis-
coverable changesof the normal amplification pattern.
Sequenceanaysiswasperformed for al mutantswith
PCRwild-typepattern according to themethod of Zhang
etal.l,

Cytoplasmatic RNA wasisolated and used to syn-
thesize HPRT cDNA, which was used astemplatefor
PCR. Gel-purified PCR product was used in asecond
round of PCR with one of the primers being 5'-
biotinylated. Thebiotinylated PCR product wasbound
to magnetic streptavidin-coated Dynabeads (Dynal,
Hamburg, Germany) in order to obtain single-stranded
DNA assubstrate in the dideoxy sequencing reaction
(Pharmacia T7 sequencing kit; Pharmacia, Freiburg,
Germany). Sequenceandysisusing [a-*? PJdATPwas
performed according to the protocol of the company.

Comet assay

For the comet assay, 2x10° cdlswere seeded into
multiwells (sx wells, @ 36 mm), cultivated overnight
andthentreated for 1 hwiththetest substances. At the
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end of thetreatment, cellswerewashed withice-cold
PBSand trypsinized with 50 ml trypsin (0.15%). After
2 min, 50 ml complete medium were added, thecells
gently resuspended and 15 ul of the cell suspension were
immediately used for the test. The comet assay was
performed as described by Speit et al.[*%. Microscope
dlides(with frosted ends) were coated with 1.5% aga-
rose (Roth, Karlsruhe, Germany) and air dried. Cells
were mixed with 120 ul low melting agarose (0.5%,
LMA; Biozym, Germany) and added tothedlides. The
slideswere covered with acoverdip and placedina
refrigerator for 3mintodlow solidification of theLMA.
Afterwardsdideswerecarefully immersedinlysing so-
lution (100 MM Na-EDTA, 10 mM Tris, 2.5 M NaCl,
1% Triton X-100 and 10% DM SO, 1% Na-lauroyl—
sarcosinate, pH 10). Thedideswerekept at 48°C for
atleast 1 htolysethecdls After lysis, thedideswere
placed inahorizontal gel € ectrophoresischamber (in
anicebath) with alkaline buffer (1 mM Na-EDTA,
300 mM NaOH, pH 13). The cellswere exposed to
dkdi for 25 minto permit DNA unwinding and expres-
sonof dkai-labilestes. Electrophoresswasperformed
for 25 minat 25V (0.86 V/cm) and 300 mA. All of
these stepswere conducted under dimlight to prevent
the occurrence of additional DNA damage. After elec-
trophoresisthe dideswererinsed with neutraization
buffer (0.4 M Tris, pH 7.5). Finaly, they were stained
with ethidium bromide (20 pg/ml) and covered with a
coverdip. Imagesof 50 randomly selected cellswere
anadyzed using afluorescence microscope (200x mag-
nification) with anexcitationfilter of 515-560 nm and a
barrier filter of 590 nm. Measurementswere made by
imageandysis(CometAssay I, PerceptiveInstruments,
Haverhill, UK), determining the mean tail moment of
the50 cdlls. The presence of oxidative DNA base dam-
agewasdetermined with amodified protocol usingthe
bacterid formamidopyrimidine-DNA glycosylase (FPG
protein)®, After lysis, dideswere washed threetimes
inenzymebuffer, drained and theagarose covered with
200 pl of either buffer or FPG protein (1 pg/ml) in buffer,
sealed with acoverdip and incubated for 30 min at
37°C. All other stepswere asdescribed above.

HPL C analysisof 8-oxodeoxyguanosine

Levelsof 8-oxodGuo were measured in DNA hy-
drolysatesusing HPL C with €l ectrochemical detection
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(HPLC/EC)*¢, DNA was isolated according to the
method described by Topinkaet al.[*", Theisolated
DNA washydrolyzed to nucleosidesby sequential in-
cubationswith nuclease P1 and a kaline phosphatase
(Sigma, Munich, Germany). The hydrolysateswere
purified by filtration (Microcon-3 microconcentrators,
Amicon) and analysed by reversed-phase HPLC/EC
with maximally 5 h after hydrolysis, essentially asde-
scribed by Sodum et d .18, Analysiswas performed on
a System Golde HPL C system (Beckman) using two
0.46x25 cm Ultrasphere ODS columns, particle size 5
um, in series with a 0.46x4.6 cm Ultrashere ODS guard
column eluted with abuffer containing 12.5mM citric
acid, 25 mM sodium acetate and 9.5% methanol (pH
5.1). Theflow ratewas 1 ml/min. Separations were
monitored with aphotodiode array detector (Model
168, Beckman) at 254 nm and an amperometric el ec-
trochemical detector (Modd 41000, Chromsystems).
Thepotential of thedetector was+700 mV vs. theAg/
AgCI/3M KCl referencedectrode. Dataobtained were
processed using a special HPLC software (System
Golde, Beckman). For quantitation of 8-oxodGuo, cali-
bration curveswere constructed, relating the concen-
tration of 8-oxodGuo to theintegrated response of the
EC detector and the concentration of dGuotoitsinte-
grated UV absorbance.

Satisticanalysis

Each experiment (n = 3) wasrun at least in dupli-
cate and the data presented are given asmean + SD.
Statistic anadysisof datawas performed by analysis of
variance (ANOVA) usingthe SPSS-PC1 verson4.01
(SPSS INC., Chicago, IL). A P< 0.05 was consid-
ered Satigticaly Sgnificant for dl experiments.

RESULTS

Thebasic resultsin the present study showed that
both compoundswerecytotoxicintherangeof 0.5to
8 mMol/ml. Asillustrated by Figure 2, inthe presence
of each crown ethers, the cell surviva decreased sig-
nificantly after 24 h incubation ascompared with con-
trol inwhich dibenzosulfoxide macrocyclic diamide
(DBSOMD) markedly inhibited theviability and clon-
ing efficiency of cellswith respect to dibenzosulfide
macrocyclic diamide(DBSMD). The extent of each of
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Fig 2: Theeffectsof dibenzosulfide (A) and dibenzosulfoxide
(B) macrocyclicdiamideson viability (assessed by MTT) and
survival (relativecolony efficiency) of A549 cells. Each curve
representsthemean of twoindependent experiments.

macrocyclic diamides cytotoxicity, exhibited asviabil -
ity, increased significantly at concentration up ImMol
with respect to this concentration and lower.
Treatment of cellswith each macrocyclic diamide
demondtrated that they were cgpabl e of promoting ROS
generation in A549 cell culture in adose dependent
manner (Figure 3). Ontheother hand, marked increase
in ROSwas only significant at 4 and 8 mMol/ml of
DBSOMD against DBSMD. Inthiscondition, expo-
sureof cellsto each of macrocyclicdiamidesat 8mMol/
ml, caused theformation of ROS, elevated upto 4.1
and 2.5 fold of control for DBSOMD and DBSMD

respectively.

An udéan Journal



BCAIJ, 5(4) 2011

Masoud Mashhadi Akbar Boojar et al.

241

—=== Regular Paper

Tablel: Theeffectsof dibenzosulfide(A) and dibenzosulfoxide  Table3: Theeffectsof dibenzosulfide(A) and dibenzosulfoxide
(B) macrocyclicdiamideson thefreguency of chromosome  (B) macrocydicdiamideson HPRT genemutationinA549 cdls*

aberration.

~38 T @ S
EeEeEolg 2 4 22
treatment %ﬂgﬁgg__ﬁgﬁg g =8
k<) TEs=8E0 2 - s &
©5 S&OCE © 3

Control 1 1 - - - - -

1 (mMoal) 3 3 - - - - -

B 4(mMo) 10 8 - - - - -
8(mMol) 43 37 2 4 1 - 14
Contral 1 1 - - - - -

1 (mMal) 1 1 - - - - -

A 4(mMol) 4 3 - - - - -
8(mMol) 18 12 1 - - 4

macrocyclic diamide macrocyclic diamide

treatment (B) (A)
CE1(%)" mutantg/10° CE1(%) mutants/10°

control 100 4 100 3

1 (mMoal) 81 6 93 8

4(mMol) 63 27 46 14

8(mMol) 18 66 28 23

* mean of two independent experiments
# relative cloning efficiency at the end of the treatment

Table2: Theeffectsof dibenzosulfide(A) and dibenzosulfoxide
(B) macrocyclic diamideson DNA migr ation (tail moment) in
the comet assay with A549 cellsand the effect of post-treat-
ment with FPG protein. Each datar epresentsthemean of two
independent experiments.

macr ocyclic diamide (A)

macr ocyclic diamide (B) (TTD)

(TSD)

concentr ation

-

=]

Fold increase with respect to control

[

2 J—

=]

5 -~
45 -
4 -
35 -
3 .
2.5 —A
N —o0—B

0 0.5 1 2 4

mMol

concentration with without (mMol) with without
(mMoal) FPG FPG FPG FPG
0 0.18 0 0 0.14 0
0.84 0.54
+ 046+ + 031+
0.5 024 011 0.5 0.13 0.08
1 9
1.24 1.06
1 + 087+ 1 + 061+
021 0.17 0.22 0.14
1 9
221 1.83
2 + 156+ 5 + 118+
0.29 0.26 0.29 0.23
il Al
347+ 3.29
4 - 048 4 + 2(')5;91
* 0.62 )
452+ 457
8 . 054 8 + 362341
* 0.82 )

q significant difference with respect to comet assay modified
without FPG protein

* significant difference with respect to dibenzosulfide macro-
cyclic diamide (TTD).

Figure 4 demonstrated mean MN frequencies +
SD, calculated from four experiments. Thisindicator
wasinduced in the samerange of concentrations but

Fig3: ROSproduction levelsin A549-cdlls. Cellsweretreated
for 24 h with differ ent concentrationsof dibenzosulfide (A)
and dibenzosulfoxide (B) macr ocyclicdiamidesand then ROS
wasevaluated. Resultsarethemean + S.D of at least three
replicated independent experiments.
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Fig 4: The clastogenic effects of dibenzosulfide (A) and
dibenzosulfoxide (B) macr ocyclic diamideson A549 cellsas-
sessed by thefrequency of cellswith micronuclei.

DBSOMD induced significant higher frequencies of
micronucl eated cdllswith respect to DBSMD when the
cells were treated with these compoundsup to 2 m
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Mol. A level of 0.5% spontaneous MN wasfoundin
the non-exposed control sample. In addition, acon-
centration-dependent significant increase of micronu-
clel wasobserved for both substances (P<0.5). After
cyclophosphamidetreatment used asapostive control
for S9-mix metabolic activation, MN frequency was
increased from 0.3t0 4.8% (singleexperiment). Chro-
mosome aberrationswered so andysed after trestment
with these substances (TABLE 1). A dight increasein
thefreguency of aberrationswasseenat 1 mMol and
thenat 4 mMol, but therewasastronginduction at 8
mMol for both substances. At 8 mMol exposure,
DBSOMD caused around 3 and 2.6 foldsincreasein
percentage of aberrated cells and chromatid breaks
respectively ascompared with DBSMD. Themgjority
of the chromosome aberrations that observed were
chromatid breaksand chromatid exchanges. Chromo-
someaberrationswereinduced stronger by DBSOMD
thanDBSMD.

Under standard conditions, both substances caused
asignificant and dose-dependent manner increasein
DNA migrationinthecomet assay (TABLE 2). Indif-
ferent doses of treetment, DBSOMD not only showed
higher effectson thisparameter, but alsoreveded Ssg-
nificant increase at 4 mMol and then at 8 mMol with
respect to DBSMD. Themodified verson of thecomet
assay with the FPG protein markedly enhanced DNA
migration for each experiment with respect to the ab-
senceof FPG proteininthetests. The higher concen-
trationsup to 2 mMol of DBSOMD were not evalu-
ated with FPG dueto the occurrence of gpparently dead
cdls(clouds).

FPG treatment did not enhance significantly theef-
fect of DBSOMD in the comet assay with respect to
DBSMD.

Both substances induced gene mutations at the
HPRT locusparticularly at high concentration of expo-
sure, leading to reduction in surviva to 18% and 28%
for treatment with DBSOMD and DBSMD respec-
tively (TABLE3).

Cell viahility at the end of the expression period
(CE2) was about 100% in al experiments. Ethyl
methanesulfonate (EM S) served as appositive control
in the HPRT test. Treatment (2 h) with 5x 10 Mol
EM Sinduced 160 mutantsper million. Survivorswith
areldive CE a theend of thetreatment (CEL) of 90%.

BIOCHEMISTRY (mm—

DISCUSSION

Exposure of cellsto variousxenobiotic agents or
exogenous compounds may interferewith their living
systems leading to cytotoxicity effects. Our results
showed that theA549 cdll lineasamodd of living sys-
tem could be used to assesstwo macrocyclic diamides
crown etherscytotoxicity in different assays. Thecells
were sensitive enough to obtain the concentration re-
sponsecurves, dthough, two macrocydic diamideswere
not equally effectiveamongwhichDBSOMD gppeared
morecytotoxic. Thisfindingwasin agreement with the
study of Arenaz et al. that showed cytotoxicity of de-
rivativesof crown etherson Chinesehamster V79 cdls,
asanother mammalian cdl line, after 24 htreatment(*9,
Inaddition, thesurvivd profilewassimilar to both mac-
rocyclicdiamidesin our study, suggested that they may
have similar cytotoxicity mechanism. However, differ-
encesintheobserved cytotoxicintensity may beafunc-
tion of their hydrophobic cavity properties, or the abil-
ity of these crown ether derivativesto induce perturba-
tionsinthecdl membrane. Other investigatorsa so sug-
gested differencesin theability of cellsto metabolize
these compoundsasamain factor affected their living
processes?, Moreover, thereare some documentsin
thestudiesof Carolinaet d. and Foyouzi et d. revealed
that theateration of viability in cdl cultures, exposed to
chemical active agentswas associated with significant
enhancement of oxidative process??, In agreement
withthesestudies, our A549 cdll cultureexhibited high
level of ROS after 24 h treatment with these crown
ethersderivatives. Another striking feature of macro-
cydicdiamidestoxicity isdetermination of their ability
to induce genotoxic effects. Accordingly, wediscrimi-
nated between genotoxic and cytotoxic effectsof chemi-
calsby careful assessment of cytotoxicity viaevalua
tion of colony efficiency. On the other hand, to better
characterize whether bulk DNA were damaged by
ROS, genotoxicity testsshould be eval uated, however,
genotoxicity isrelevant if it occursin cells capabl e of
surviving thedamages®,

Therearedirect and indirect evidencesindicating
that crown ethersderivativesare DNA interactivemol-
ecules, resulting genotoxicity effects. Asdirect docu-
ment, Mark et a. reported the ability of aseriesof Bis
(Propargylic) sulfon crown ethersto cleave supercoiled
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DNA inthepresenceof akali metal ions. Many other
crown ethersexhibited growth inhibitory effectsonleu-
kemiacell linethat may contributeto their effectson
DNA[24,25].

As indirect documentation, the combination of
methods (comet assay, MN and HPRT tests) alowed
us to determine that macrocyclic diamides induced
genotoxicity particularly at concentrationswherecyto-
toxic effectswere considerable. Our resultswerein
contrast with another study on' V79 cdllstreatment with
15-crown-5 and/or 21-crown-7, reflected no genotoxic
effect when sister-chromatid exchanges were quanti-
tated. Theauthor suggested the metabolic breakdown
of thesecompoundsdid not invol veaputative genotoxic
intermediate®. Furthermore, the mutagenicity of vari-
ous superoxide-generating chemicasisdeterminedina
complex manner and not solely related to the produc-
tion of ROS. However, ROS clearly induced HPRT
mutationindifferent cellg%.

Ontheother hand, in many studieson genotoxicity
of somebiochemica reactive substances, thestrong cy-
totoxic and clastogeni c effects pointed to DNA strand
bresksasthepredominated primary lesoninwhichROS
may involve by different mechanismg®. In accordance
with these documents, both macrocyclic diamideswere
ROS generator and induced HPRT gene mutationsin
AB49 cdlsparticularly at high concentrations. In addi-
tion, these concentrationswhich induced chromosome
aberrationsinA549 cdlsunder the sametrestment con-
ditionskilled al cellsin the course of the HPRT test.
Besides, they were clastogenic astested by micronu-
clel (MN). TheMN test hasthe advantageto detect in
interphase both acentric fragment (dueto DNA break-
age) and chromosomelossand offerg?’.

The comet assay isincreasingly used asarapid
and sensitive genotoxicity test. Initsalkalineversion
asused here, DNA strand bresksand akali-labilesites
become apparent!®®l. In addition, ROS, particularly,
H,0, are potent inducer of DNA migrationinthe comet
assay and of FPG-sensitive siteg??. Our study de-
tected DNA-breakage after various concentration
treatments, leading toincrease DNA migration even
at higher concentrations. Thisfinding indicated that
there was considerable induction of DNA strand
breaksand alkali-labile sitesunder our study condi-
tions. In agreement with our documents, aspartialy,

= Regular Paper

Paraquat (aROS generator) induced significant in-
creasein DNA migrationin humanlymphocytesat high
concentration in which superoxide anionswere sup-
posed to beinvolved®,

Since ROS are expected to be the cause of mac-
rocyclic diamides-induced genotoxicity, we used a
modification of the comet assay to detect oxidative DNA
base damage. Oxidative base modifications can bede-
termined by converting oxidized DNA basesto strand
breaks using bacterial FPG, as DNA repair enzymé®l,
However, post treatment with FPG leadingtoincrease
DNA migrationinresponseto the effect of each stud-
ied compound in adose dependent manner, suggesting
that both compounds induced oxidative DNA base
damage under the test conditions. Ascomparison, two
macrocyclic diamidesused in thisstudy have different
cavity sizesthat aredirectly compatiblewith the bio-
chemical important ions, Na', K* and even C&*. On
the other hand the presence of additiona oxygen atom
insulfoxid group of DBSO macrocyclicdiamidecause
cons derableincreaseinits hydrogen binding capacity.
Itisour conviction that the obviousdifferenceintheir
biologicd intendty effectsmay partidly beduetothese
discriminative structural characteristics. A number of
other features have also been shown to determinethe
potential withwhichamacrocyclic diamidesmolecule
contract withliving processes. Themost important in-
clude; theratio of theszeof macrocydic diamidescavity
tothesizeof anion, number and position of oxygen
atominthering, kind and number of repeating units
arrangement®Y.

As conclusion, our comparative study of the
genotoxic propertiesof macrocyclic diamidesreveded
aspecific genotoxicity profilein which superoxidegen-
erating process is involved. However, the precise
mechanismsindetail through which macrocyclicdia-
midesincrease cellular level of ROS and the pattern of
their oxidative effectson A549 cellsare unclear and
need further investigations.
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