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Abstract

Consumption of fruits and vegetables is assocmittda reduced risk of developing a
wide range of cancers including colon cancer. is $tudy, we evaluated the effects of
two compounds present in fruits and vegetablesliaracid, a triterpenoid, and
luteolin, a flavonoid, on DNA protection and DNApaar in Caco-2 cells using the

comet assay.

Ursolic acid and luteolin showed a protective dffagainst HO,-induced DNA

damage. To evaluate effects on induction of bag#ativnn, we exposed cells to the
photosensitiser Ro 19-8022 plus visible light tduoe 8-oxoguanine. Luteolin
protected against this damage in Caco-2 cells afsérort period of incubation. Repair
rate was increased by pre-treatment of cells for\@4h ursolic acid or luteolin
(rejoining of strand breaks) in Caco-2 cells afteatment with HO,. We also

measured the incision activity of a cell extraonfrCaco-2 cells treated for 24h with
test compounds on a DNA substrate containing Spetainage (8-oxoGua), to evaluate
effects on base excision repair activity. Preintaoafor 24h with ursolic acid
enhanced incision activity in Caco-2 cells. In dosmon, we demonstrated for the first
time that ursolic acid and luteolin not only pratBdNA from oxidative damage but also
increase repair activity in Caco-2 cells. Thesea§ of ursolic acid and luteolin may

contribute to their anti-carcinogenic effects.

Keywords: ursolic acid; luteolin; DNA oxidation; antioxidantDNA repair; comet

assay.
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1. Introduction

Colorectal cancer (CRC) is one of the main causearmcer-related mortality in the
western world and was the second most common canérope in 2006 [1].
Oxidative stress, defined as a disturbance ingudibrium status of pro-oxidant and
antioxidant systems in favour of pro-oxidant, camage diverse cellular
macromolecules such as DNA, lipids, and proteiing \farious types of DNA damage
that can be generated as a result of oxidativelatianot properly removed, can lead to
mutagenesis and/or cell death. 8-oxo-7,8-dihydromga(8-oxoGua) is one of the most
abundant forms of DNA oxidation and can cause & t@nsversions in several
oncogenes and tumour suppressor genes [2]. The maghanism repairing DNA
oxidation damage is the base excision repair (Bi)way. In BER, DNA
glycosylases are responsible for cleavage oNtggycosidic bond between the base and
the pentose sugar, removing modified DNA basescasating an apurinic or
apyrimidinic site (AP site). Endonucleolytic actiwbf the glycosylases or an AP-
endonuclease transforms AP sites to gaps in DNAateafilled by a DNA polymerase
and sealed by a DNA ligase [3,4]. In the presam\sive have evaluated effects of two
phytochemicals found in fruits, vegetables andespmn DNA oxidation and DNA

repair.

Accumulating evidence from epidemiological studissvell as laboratory data suggest
that consumption of fruits and vegetables is assediwith a reduced risk of
developing a wide range of cancers including calamcer [5,6]. Dietary strategies for
cancer prevention are considered attractive alteasmbecause the consumption of
natural compounds with potential chemopreventivects is associated with low

toxicity, safety and good acceptance by the pyflig].

Ursolic acid (UA), a natural pentacyclic triterp&hacid, is widespread in nature and
abundant in certain medicinal plants. UA has beponted to possess a wide range of
biological activities, such as anti-inflammatorgtiaarcinogenic, antihyperglycemic,

hepatoprotective and neuroprotective activifgz42].

Luteolin (Lut) is a flavons, a subclass of flavatmifound in fairly large amounts in
fruits, vegetables, olive oil, red wine and teanyatudies have shown that Lut exhibits
a variety of pharmacological activities, includiagti-inflammatory, antibacterial,
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antioxidant and anticancer activities [13-16]. Carily to Lut, UA is not an antioxidant

at relevant cellular redox conditions.

Protection of DNA from damage and modulation of DM#air enzyme capacities may
be assumed to contribute to protection againsttioutand to maintenance of genomic
stability. In the current study we evaluated DNAective and repair-enhancing effects
of Lut and UA in human colon cells (Caco-2) exposedxidative agents. DNA
damage was evaluated by alkaline single-cell gadtedphoresis (comet assay). BER of
oxidised DNA was measured usingiarvitro assay for incision activity of a cell

extract, incubated with a substrate containingised DNA bases [17]. We also
assessed the ability of cells to rejoin strand ks@aduced in DNA by BD,. UA and

Lut were used in concentrations likely to be atdim gut when humans have a diet

rich in fruits and vegetables.

2. Material and methods
2.1.Chemicals

UA (purity > 90%), hydrogen peroxide, Dulbecco's Modified Eddédium (DMEM),
penicillin/streptomycin, trypsin solution and 384Jimethylthiazole-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) was purchased from Sigitdrich (St. Louis, MO, USA).
Lut (purity > 90%) was from Extrasynthese (Genawyn€e). Fetal bovine serum (FBS)
was purchased from Biochrom KG (Berlin, Germany).(Bhotosensitizer Ro19-8022)
was from F.Hoffmann-La Roche (Basel, Switzerla@¥BR Gold (nucleic acid gel
stain) was from Invitrogen Molecular probes (OreddB8A). All other reagents and

chemicals used were of analytical grade.

2.2.Cdl culture

Caco-2 cells (derived from human colon carcinomajeamaintained as monolayer
cultures in Dulbecco’s modified Eagle’s medium (DMEsupplemented with 10%
FBS and antibiotics (100U/ml penicillin and 100ubatneptomycin), under an
atmosphere of 5% Cfat 37°C. Cells were trypsinised when nearly canftu
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Cells were seeded onto 12-well plates, with 1 milfatea density of 0.2 x £aells/ml,
and incubated with different concentrations of tesnpounds in complete DMEM
medium to test for possible direct cytotoxicityngeoxicity, and for effects on induced
DNA oxidation, and for modulation of DNA repair.d8k solutions of UA and Lut were
prepared in dimethyl sulphoxide (DMSO) and aliquapt at -20°C. The final
concentration of DMSO in medium was <0.5%).

2.3.Cdll toxicity assay

The test compound’s cytotoxicity was assayed iml@iwell culture plates seeded
with 0. 2 x 16 cell /well. Twenty-four hours after plating, theedium was discarded
and fresh medium containing test compounds atréifiteconcentrations was added.
After 48h of incubation with test compounds, cytatity was evaluated by MTT test.
The number of viable cells in each well was estaddty the cell capacity for reduction
of MTT as described by [18]. The results were esped as a percentage of cell

viability relative to control (cells without anysiecompound).

2.4.Comet assay

The alkaline version of the single cell gel eleptroresis assay was used to evaluate
DNA damage as previously described [19] with soneglifications. Briefly, Caco-2
cells were trypsinized, washed, centrifuged, ardatllet suspended in low melting
point agarose; about 2x't@lls were placed on a slide (pre-coated with 1¥nab
melting point agarose and dried), and covered aitbverslip. After 10 min at 4 °C, the
coverslips were removed and slides were placegkis solution (2.5M NaCl, 100mM
NaEDTA, 10mM Tris Base, pH 10 plus 1% Triton X-100j fLh at 4°C. When
oxidised bases were to be measured, after lysisssivere washed three times with
buffer (40mM HEPES, 0.1M KCI, 0.5mM EDTA, 0.2mg/BSA, pH 8.0) and
incubated with 30ul of formamidopyrimidine DNA ghsylase (FPG) in this buffer or
with buffer only for 20 min at 37°C. Slides werehplaced in horizontal
electrophoresis chamber with electrophoresis soiU@00mM NaOH, 1mM

N&EDTA, pH >13) for 30 min at 4°C for the DNA to unwi before electrophoresis
was run for 30 min at 25V and ~300mA. After eleptroresis, slides were washed two

times with PBS and dried at room temperature. Rahais of the comet images, slides
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were stained with SYBR Gold solution for 30 mird&C; after drying, slides were
analysed in a fluorescence microscope and Comealsas system (Perceptive
software) was used to calculate the parameter l%ntansity. Generally, 100 randomly

selected cells are analyzed per sample.

2.5.Genotoxic effects of UA and Lut

Caco-2 cells were incubated for 24h at 37°C withdsil Lut at different
concentrations. Cells were collected by trypsinarand DNA damage (strand breaks,
SBs) was evaluated by the alkaline version of thraet assay. Digestion with FPG

allowed detection of oxidized purines [20].

2.6. Effects of UA and Lut on DNA oxidation.

To evaluate protection against oxidative damagep@acells were preincubated with 5
and 10 pM UA or 10 and 20 uM Lut for 24h (long perbf incubation) or 2h (short
period of incubation) at 37°C. Cells were washetthwBS and treated with,B, (75

UM in PBS) for 5min on ice to induce SBs, or wifiM Ro (photosensitizer Ro19-
8022, prepared in PBS from a stock solution at 1 imethanol) plus visible light from
a 500 W tungsten-halogen source (1.5min on ic8Bain to induce 8-oxoGua. DNA
damage (SBs and 8-oxoGua) was evaluated by thet@ssay without or with FPG,

respectively.

2.7.Effects of UA and Lut on cellular repair.

In the cellular repair assay two different treatbmegimes were used: First, pre-
treatment with UA or Lut followed by exposure te®4 and recovery in fresh medium.
Caco-2 cells were preincubated with UA or Lut fdhzat 37°C. Cells were washed with
PBS and treated withJ@, (75 pM) for 5 min on ice to induce SBs. Thgdd was
removed and cells were washed with PBS and therbated in fresh culture medium
for 0, 10, 30 or 60 min at 37°C. Thus we evaludibedeffect of pre-incubation in UA or
Lut on the ability of cells to rejoin SBs [19]. the second approach, to look for a
possible direct effect of UA or Lut on enzyme atyivH,O, treatment was performed
before cells were incubated with the test compouBdsfly, Caco-2 cells were treated



175
176
177
178

179
180
181

182

183

184
185
186
187
188
189
190

191

192

193
194
195
196
197
198

199

200

201
202
203
204
205

with H,O; (75 uM) for 5 min on ice to induce SBs. Cells wegshed with PBS to
remove HO, and then incubated with UA or Lut for 0, 10, 3060rmin at 37°C.
Results were expressed as % of repair DNA damagevds calculated using the

follow formula:

% of repair DNA damage = (F Tsg)/ (To — Gso) X 100; where Frepresents DNA
damage before recovery periodp fepresents DNA damage after 30 min of recovery

and G represents DNA damage of the control after 30 ahirecovery.

2.8.Effects of UA and Lut on BER (in vitro assay)

This assay measures the excision repair activipnagxtract prepared from cells treated
with test compounds by providing the extract withMA substrate (agarose-embedded
nucleoids) containing specific damage [17]. In ttase, the substrate DNA was from
cells previously exposed to Ro plus visible lightitduce 8-oxoGua that is repaired by
BER, and was prepared as described by Gaivao [@14l.Incision at damage sites,
detected using the alkaline comet assay, indi¢chtesapacity of glycosylase in the

extract to initiate BER.

2.8.1.Cédll extract preparation

Extracts were prepared as described previouslyJyitfi some modifications. Briefly,
for extract preparation, Caco-2 cells were incuthategh 10uM UA, 10uM Lut or 0.5%
DMSO (control) for 24h at 37°C. Cells were washeith \WBS, trypsinized and
resuspended in PBS. Cells were divided into alisiodtlx16cells in 1ml and after
centrifugation (14000g; 5min at 4°C) the dry pslleere frozen in liquid nitrogen and
stored at -80 °C.

2.8.2.Qubstrate preparation

Substrates for BER assay were preparated as desgg@ibviously [17]. Briefly, HeLa
cells cultivated in flasks, when near to confluemeze treated with Ro plus visible
light (5 min at 33cm on ice) to induce 8-oxoGualle&ere washed with PBS,
trypsinised and resuspended in medium. Cells wamn&ituged, the pellet resuspended
in freezing medium (DMEM medium supplemented wil#@2FBS and 10% DMSO)
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and aliquots of 1x1%®ells in 1ml frozen slowly and stored at -80°C. Hedells without
Ro treatment were also frozen in freezing mediuthstared at -80°C.

2.8.3.Qubstract incubation with cell extract

On the day of the experiment, extracts were resulgzein 65 pl of extraction buffer
(45mM Hepes, 0.4M KCI, 1ImM EDTA, 0.1mM dithiothrelitand 10% glycerol, pH

7.8) plus Triton X-100 (0.25%), mixed 5sec on verat top speed and incubated 5 min
on ice. After centrifugation (~14,000xg, 4°C, 5mi®) 1l of supernatant was removed
and mixed with 220u1 of cold reaction buffer (4A0OniNEPES, 0.1M KCI, 0.5 mM

EDTA and 0.2mg/ml bovine serum albumin, pH 8). Tgebs per slide containing 2x10
substrate cells /gel (with or without treatmenthaiRo) were placed on slides pre-coated
with normal melting point agarose and lysed for Sldes were washed three times
with reaction buffer and 30ul of extract was adtedach gel and incubated 20 min at
37°C in a moist box. FPG and reaction buffer weoluided as positive and negative
controls, respectively. After incubation, slidesreveransferred immediately to alkaline

electrophoresis solution and the normal comet assayrun [17, 22.]

2.9. Satistical analysis

Results were expressed as mean + SEM at leasefendent experiments.

Significant differencesR<0.05) were evaluated by Student’s t-test.

3. Results
3.1. Cytotoxic effects of UA and Lut

In order to choose the concentrations of UA andthat can be used in protective
studies, evaluations of test compounds’ toxicityaw#one using MTT test. When Caco-
2 cells were incubated for 48h, UA and Lut sigrahdy decreased cell viability only at
concentrations higher than 50 and 100uM, respdgt{f<g. 1). For the follow

experiments non-cytotoxic concentrations of UA antwere used.

3.2.Genotoxicity of UA and Lut
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The effects of UA and Lut on induction of SBs axit@zed bases were evaluated. For
this, Caco-2 cells were incubated with UA (5 and ) or Lut (10 and 20uM) for 24 h
at 37°C and DNA damage assessed by the cometwwigbaand without FPG treatment.
At tested concentrations UA and Lut did not indaitBer SBs or oxidized purines
(FPG-sensitive sites) (Fig.2).

3.3. Effects of UA and Lut on oxidatively induced-DNA damage.

To evaluate possible effects of UA or Lut on oxidelly induced-DNA damage, Caco-2
cells were incubated for 24h (a long) or 2h (a hmeriods with the compounds before
treatment with HO, or Ro.

Both 5uM UA and 20uM Lut, with a long period of uixation, significantly decreased
DNA SBs induction by kO, (Fig.3A). With a short period of incubation (2the
effects of UA and Lut were even more pronounced.@B). The protective effects
were not dose-dependent.

In the assay with Ro plus light, Caco-2 cells wads® pre-treated for a long or short
period with UA or Lut. With a long period of incufi@n, compounds at tested
concentrations did not protect DNA from damage gatliby Ro (Fig.4A). With a short
incubation Lut significantly decreased oxidized DN&ses induced by Ro, while UA
(10 uM) showed a tendency to protect Caco-2 cElx4B).

3.4.Effects of UA and Lut on repair ability.
3.4.1.Cdlular repair assay

The ability of Caco-2 cells to rejoin strand brealduced by HO,was assessed by
measuring damage remaining at different times advery (0, 10, 30 and 60 min). SBs
decreased with the time of recovery and at 60 heriévels of SBs were similar to the
control (without HO, treatment) (data not shown). To assess effectsedteist
compounds on the ability of Caco-2 cells to refpiHA strand breaks, two different
treatments were used. First, cells were treateld eatnpounds for 24 h before®h
exposure and recovery in fresh medium for 30 miB78C. For recovery time we chose
30 min because it is within the linear phase ofr§&air (Fig. 5A). Caco-2 cells treated
only with H,O, (control cells), after 30 min of recovery had rega ~ 50% of SBs.
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Cells pre-incubated with 5uM UA or 10puM Lut hadoiepd 86% and 88%
respectively, representing a relative increasaeneixtent of DNA rejoining of 65% and
68% compared with the control cells, respectivElye highest concentrations of UA

and Lut show a tendency<{.1) to increase the ability to rejoin SBs (Fig.5B)

In the second treatment, cells were incubated t@ghcompounds for different times
after O, exposure. No difference was found when cells wacabated with
compounds during the recovery period when compartdcells incubated with fresh
medium after HO, exposure (data not shown) indicating the abseneapflirect

influence on repair enzymes.

3.4.2.BER activity measured in vitro

The ability of Caco-2 cells to repair oxidised tsabg BER was measured by a
modified comet assay, thevitro BER assay. In this assay a DNA substrate coni@inin
specific damage, 8-oxoGua, induced by Ro plus Msight was incubated with an
extract of Caco-2 cells (treated with UA or Lut #th at 37 °C). Figure 6 shows, first,
that substrate when treated with FPG (positiverobnincreased SBs detected by comet
assay compared with substrate incubated only walbtion buffer (negative control).
Second, extract from Caco-2 cells treated only WKHSO led to an increase in SBs in
substrate DNA when compared with the negative obnfihis means that the extract
from Caco-2 cells has BER activity. And third, exdis obtained from cells pre-treated
with 10 uM UA showed significantly increased exarsrepair activity, by 24% when
compared with an extract of Caco-2 cells treatati ®MSO, while repair activity was
not significantly affected by pre-treatment withtLTihere was no increase in SBs when
extracts were incubated with substrate without 8cxa (data not shown), indicating
that the increase of breaks observed for UA comedp to 8-oxoguanine DNA
glycosylase 1 (OGG1) enzyme activity and confirntimg absence of nonspecific

nucleases in cell extracts.

4. Discussion

The integrity of DNA is critically important for DA replication and cell division.
Oxidative DNA damage in addition to a defective DNfpair mechanisms are known

to be associated with carcinogenesis [23, 24].dDyedntioxidants have the possibility

10
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to prevent oxidation, but this requires that the/ia proximity to the DNA in an active
form. Several authors have reported that a compsiipdphilicity is a determinant
characteristic for biological activity of the compuals. UA and Lut represent two
classes of phytochemicals with different chemical hiological properties. Lut has free
radical scavenging activity, whereas UA is virtyallactive as a free radical scavenger.
Both are, however, highly lipophilic [25-27]. Weaduated the effects of both
compounds, UA and Lut, against oxidative damage@adno-2 cells at two levels: DNA
protection and DNA repair. In this work, we shdwattursolic acid and luteolin not
only protect DNA from oxidative damage after a shpariod of pre-incubation but also
increase repair activity in Caco-2 cells.

Concerning DNA protection, after a short incubato@niod (2 h) UA and Lut had a
strong protective effect against®b-induced DNA damage. After a long period of
incubation (24 h) both compounds showed a protedffect, but the percentage
protection was smaller than with a short incubaperiod. In a previous paper, we
showed that UA had chemoprotective activity agaiBstP-induced DNA damage in
HepG2 cells [24]. Our results are in agreement witter reports that also show that
UA protects against #D.-induced DNA damage [28,29] and decreased the tdvel
AZT (3'-azido-3'-dideoxythymidine)-induced SBs ia®-2 and HepG2 cells [30]. The
protective effect of Lut against,B,-mediated DNA SBs in Caco-2 cells is also in

agreement with results obtained with other ce#dif26,31-35].

Besides DNA SBs, 8-oxoGua is one of the most alnirfdams of oxidative damage
and has been shown to cause G to T transversiorsvaluate effects on DNA
protection against 8-oxoGua formation, we exposacbe2 cells to Ro plus visible light
(to induce 8-oxoGua). Lut protected against Ro-0eluDNA damage in Caco-2 after a
short period of pre-incubation while UA showed mitar tendency. However, this
protective effect was not observed with a longqueof pre-incubation for either
compound. Moon et al. [36] reported that dietaryaxidants such as quercetin, rutin
and resveratrol as well as UA inhibit single stréanelaks and 8-oxoGua in U937 cells
exposed to 3-morpholinosydnomine N-ethylcarbam®&I&l{1). The protective effects
of Lut against 8-oxoGua found in Caco-2 are in agrent with others authorGai et

al. [37] showed that Lut, quercetin and genisteiordase oxidative damage to DNA,
and among the test compounds, Lut had the moshipgienching effect on Fenton

reaction-induced 8-oxoGua formation. Also Min arzeter [38] showed that several

11
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flavonoids including Lut slightly inhibited 8-oxo@uormation in calf thymus DNA at

low, physiologically relevant concentrations.

Phytochemicals such as flavonoids and triterpencagisact as antioxidants in cells by
modulating the activity of enzymatic and non-enziimeellular antioxidants and
activating (phase I) enzymes and detoxifying (pHasazymes involved in xenobiotic
metabolism [24,39,40].

The protective effect of UA has been attributetheability of UA to increase levels of
non-enzymatic antioxidants such as glutathione (z8td to increase the activity of
antioxidant enzymes such as catalase (CAT), ghata¢hperoxidase (GPX) and
superoxide dismutase (SOD) [29,41,42]. Martin-Aragbal. [43] reported that UA
restores hepatocyte antioxidant levels preventargan tetrachloride-induced liver
damage. Also, Saravan et al. [44] showed that UAehkepatoprotective effect against
chronic ethanol-mediated toxicity in rats. UA inased levels of circulatory
antioxidants such as reduced glutathione, ascaxtand alpha-tocopherol improving

the antioxidant status of alcoholic rats.

Németh et al. [45] reported that Lut and quercetene incorporated in small intestinal
epithelial cells and located in the nuclei, dearga8-oxoGua formation. Lut has been
reported as able to modulate antioxidant stateseasing the activities of antioxidant
enzymes GPX, glutathione-S-transferase (GST), thiatae reductase (GR), SOD and
CAT or attenuating the decrease of antioxidantlge{eg. GSH) induced by toxic
agentd14,26,46].

In our study Lut and UA seem to exert effects tigloaellularly mediated mechanisms
that can be lost with time. Despite the differenaleantiradical capacity between the
two compounds, both showed a strong protector effgainst oxidation of DNA,
reinforcing the notions that cellularly mediateteets and the degree of hydrophobicity
and consequently uptake into the cell are impoffstors to be taken into account
when assessing the effectiveness of antioxidanegtion.

DNA damage combined with defects in repairing ottidadamage to DNA has been
associated with a development of several diseasésling cancer [47,48]. Cells have
multiple DNA repair pathways for specific classésesions that mitigate the
deleterious consequences of damage accumulatifect&bf natural compounds on

DNA repair are still poorly understood; some repatiow that polyphenols such as

12



364 curcumin and quercetin increase DNA repair actif2i,49]. To our knowledge, there
365 are no studies reporting the effects of UA andduDNA repair activity in colon cells.

366 In our present study, 24 h of pre-treatment with &fA_ut increased the rate of

367 rejoining of strand breaks in Caco-2 cells afteatment with HO,. However, when
368 cells were incubated with test compounds aftg4+Induced damage, no such effects
369 were observed. This suggests an effect of the cangsoon induction of repair activity

370 not due to direct interactions between UA or Lud #me repair enzymes.

371 The major mechanism that cells use to repair oxidatamage lesions is the BER

372 pathway. Here, we have measured the incision &ctiwia cell extract from Caco-2
373 cells treated for 24 h with test compounds on a DiWBAstrate containing specific

374 damage (8-oxoGua), to evaluate induction of BER/igt For the first time we report
375 that UA, but not Lut, has a BER-inductive effea;reasing incision activity in Caco-2
376 cells. In accordance with our results, Silva ef34] did not find effects of Lut on BER
377 activity in neuronal cells. However, Leung et &0] found that Lut increased the

378 mMRNA expression of DNA base excision repair enzyraesh as hOGG1 and apurinic

379 endonuclease in human lung carcinoma cells.

380 In summary, we demonstrated for the first time thatand Lut not only protect DNA
381 from oxidative damage but also increase repaiviggin Caco-2 cells. These protective
382 effects of UA and Lut may contribute to their acdircinogenic effects. Modulation of
383 DNA repair by these compounds and other phytochasiteeds to be further explored.
384 Invivo studies in animals or humans, making use of fonealibiomarker assays such as
385 the comet assay can provide a better understanditg potentially important impact

386 of phytochemicals on DNA repair pathways and capcevention.
387
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Figurelegends

Figure 1 — Effects of UA and Lut on cellular viatyil(as % of control) of caco-2 cells
as measured by MTT test. Results are expresse@as :1ISEM, of at least three

independent experiments.

Figure 2 — DNA damage (SBs and FPG-sensitive siteSaco-2 cells treated for 24h
with UA and Lut. Results are expressed as meanM, SEat least three independent

experiments.

Figure 3 — Effects of 24h (A) or 2h (B) of treatmenth UA or Lut on DNA damage
induced by 75uM kD, (5 min, on ice) in Caco-2 cells. Results are esped as mean +

SEM, of at least three independent experiments.

Figure 4 — Effects of 24h (A) or 2h (B) of treatmenth UA or Lut on DNA damage
induced by 1uM R019-8022 plus light (1.5min, on iceCaco-2 cells. Results are

expressed as mean + SEM, of at least three indepepaperiments.

Figure 5 — Kinetic of SBs rejoining (A); and exteftrepair of HO,—induced damage
in Caco-2 cells after preincubation with UA or I(B). Results are expressed as mean +

SEM, of at least three independent experiments.

Figure 6 4n vitro DNA repair: incision by extracts from Caco-2 cgdle-incubated
with 10uM of UA and Lut. Extracts were incubated 20min with gel-embedded
nucleoid DNA containing 8-oxoGua lesions. Resulesexpressed as mean + SEM, of

four independent experiments.
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Figure 5
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Figure 6
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