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Abstract

Dextran sodium sulfate (DSS) given in drinking watan induce colonic Inflammation and produce cadtal
tumors in rodents, although it is not directly gendc. The hypothesis that DSS can produce freeatsland
induce oxidative DNA damage in colonic mucosa feenttested. In rats fed for 2 days with water dairtg

3% and 6% DSS, colonic Inflammation manifestatiaese recorded and 8-oxo-7,8-dihydro-2 O-
deoxyguanosine (8-oxodGuo), a major biomarker adative DNA damage, was assayed in colonic mucAsa.
compared with control rats given pure water, inflaaory manifestations were seen in rats given B$&e
same time, 8-oxodGuo levels in colonic mucosa wlergled (P , 0:001). These results suggest thatstion

of oxidative DNA damage in colonic mucosa depemdgmfiammation and maybe on the production of rieact
oxygen species. This study shows that DSS can endxiclative DNA damage within only 2 days, whichulcb
explain in part its carcinogenic properties..
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1. Introduction

Dextran sodium sulfate (DSS), a mixture of poly$eciles of different molecular weights differingtireir
degree of sulfate substitution [20], given permsadents induces an Inflammation of the colonicasa. These
rodents are relevant experimental models for uteraolitis [21]. In humans, long standing ulcératcolitis
and Crohn's disease are generally described astempoisk factors for colorectal cancer developtj&g],
which is the second leading cause of death fromearain Western countries including North Americd][an
rodents, DSS induces colonic tumors but the cageinit mechanisms are not known because DSS is not
directly mutagenic [14,25]. Inflammation via repedepithelial necrosis and regeneration and/oDN&A
alterations might explain the initiation of the daogenic process [22].

8-Oxo-7,8-dihydro-2 0-deoxyguanosine (8-oxod- Gas)a result of hydroxylation of the guanine bastdues
in DNA, is considered as an important biomarkeoxitlative DNA damage. 8-OxodGuo has been implicated
mutagenic and carcinogenic processes [6,17,18frOiirestigations have provided strong indirectience
supporting the role of oxidative stress in carcemesis [1]. We make the hypothesis that DSS catiupmfree
radicals, likely via Inflammation, and induce oxiga DNA damage in colonic mucosa that may exptam
carcinogenic activity of a non-genotoxic compound.

By measuring 8-oxodGuo with HPLC and electrochefrdetection, the present study investigated DNA

damage in the colonic mucosa of rats given DS®1fity 2 days and shows for the first time that okidcaDNA
damage may be a consequence of colonic Inflammation

2. Materialsand methods

2.1. Chemicals, DNA extraction, reagents

DSS (MW 40 kDa) was obtained from ICN Biomedicasifora, OH). 8-OxodGuo, dGuo, nuclease P1 (EC
3.1.30.1) and alkaline phosphatase (EC 3.1.3.2vi21¢ obtained from Sigma (St. Louis, MO). A DNA



extraction kit (Quiagen, Courtaboeuf, France) wsexdu Methanol, ethanol, chloroform of HPLC gradé an
buffer components were purchased from Merck (DaadistGermany).

2.2. Animal treatments and analytical procedures

Thirty 4-week-old female Fisher 344 rats (Iffa asetlyon, France) were acclimatized for 5 days ®ahimal
colony, fed a low fat rodent chow (UAR, Villemoissd-rance) ad libitum and randomized to three gsamfl0
rats. A control group was given distilled drinkingter ad libitum. Two experimental groups recei@étl or 6%
DSS in distilled drinking water for 2 days.

Body weight and water intake were recorded dailpribea was estimated by the ratio of fecal weghédry
weight. Fecal occult blood was assayed with the étmmlt |l test (SKD, Gagny, France); the intensifythe
color showing occult blood was graded on a scated®n 0 and 3. Animals were sacrificed 2 days dfterstart
of DSS administration by cervical dislocation. Tdwon was dissected between the ileocecal junetimhthe
proximal rectum. The colon was placed on a non-diesu surface, measured and flushed with cold ON@SGI
(4°C). The colon was opened longitudinally andrthecosa was removed by scratching the distal suxfétea
lancet blade (5 cm at the rectal end). The sanwpées rinsed with 0.9% NaCl and centrifuged at 38@Dfor 10
min. The pellets were immediately frozen at -80%il8-oxodGuo was assayed within the next 2 days.

2.3. DNA extraction and 8-oxodGuo assay

The Quiagen genomic DNA kit was used to extract DiAan ambient temperature from cellular pellefterA
homogenization with a Potter homogenizer, the saswpkere lysed with proteinase K (1 mg/ml) at 508CX h
in buffer G2 (800 mM GuHCI, 30 mM EDTA, 30 mM Tri€l, 5% Tween-20 and 0.5% Triton X-100 (pH
8.0)). The lysates (10 ml) were then applied oretipailibrated (750 mM NaCl, 50 mM MOPS and 0.15%0fr
X-100 (pH 7.0)) Quiagen genomic tips. After washihg tips with QC buffer (1.0 M NaCl, 50 mM MOPSdan
15% ethanol (pH 7.0)), the purified genomic DNA vehgted with QF buffer (1.25 M NaCl, 50 mM TristHCI
and 15% ethanol (pH 8.5)). The DNA was precipitatdtth 2- propanol, washed with 70% ethanol at -20°C
airdried and diluted in 100 ml of sterile water dref analysis.

DNA in aqueous solution was hydrolyzed to nuclesgithy 10 units of nuclease P1 for 2 h at 37°C atae
buffer (pH 5.3) according to the method of Floyll Pephosphorylation was achieved by incubatior\&it
units of alkaline phosphatase in TristHCI buffeH (®.0) for 1 h at 37°C. Proteins were precipitaigith
chloroform and the aqueous layer was analyzed HydHRith electrochemical (EC) detection.

The HPLC system consisted of a pump M 2200 (Bid¢chafonberg, Germany) and an autosampler 738 (ICS,
Toulouse, France) equipped with a 12:5 £ 4:6 mne8gbrb ODS 2 column (Bischoff). A detector focus
(Spectra-Physics, Les Ulis, France) set at 280 mitrem EC detector coulochem Il (ESA, Chelmsford,)\ét

at 1200 and 1400 mV for electrodes 1 and 2, res@gt monitored unmodified and modified nucleosidan
isocratic eluent, 50 mM phosphate buffer (pH 5d)taining 10% methanol, was used at a~ ow rateDof 1
ml/min. The PIC 3 software (ICS) permitted quantifion 2 D. Tardieu et al. / Cancer Letters 1388 9+5 of
DNA oxidative damage using calibration curves atdiwith authentic standards.

2.4. Statistics
Data were first analyzed by one-way analysis ofavere and then Student's t-test was used to compare

experimental and control group means. Scores @@l feccult blood were analyzed by the non parametri
KruskaltWallis test.

3. Reaults

As shown in Table 1, rats given 6%DSS in drinkiregev for 2 days gained less weight (P < 0.05) aadid
significantly more water than controls (P < 0.001).

3.1. Colonic Inflammation manifestations
According to Axelsson et al. [2], colonic Inflamrimat could be simply assessed by diarrhea, cologtheand

rectal bleeding. Visual inspection of feces revéalbvious diarrhea in rats given 6% DSS in drinkivager. A
55% increase in the fecal wet/dry ratio was obskmeaats given 6% DSS compared to control ratemipure



water (P < 0.05). This increase was not seen ingiaen 3% DSS (Table 1). No significant differemteolon
length was found between the three groups of data(not shown). No blood could be detected byabisu
inspection of feces. Fecal occult blood was indupe®SS in a dose-dependant manner and significant
differences were found between groups (Table 1).

Table 1. Effects of the administration of dextran sulfadelism (DSS) via drinking water for 2 days in F34&dsr

% DSS in water No. of Body Water Diarrhoea Faecal

rats weight gain intake (ml/ (wet/dry occult blood

(g/day) day) weight score
ratio)

0 10 6.8 =29 92+ 0.5 3.0 £0.8 0.0 £ 0.0
3 10 6.6 =19 10.6 = 0.4%%* 33207 1.0 = 0.7*
6 10 44 = 2.4% 11.2 * 0.5%* 55+ 2.7% 2.8 = 1.0+*
ANOVA P-value” 0.05 <0.0001 0.01 <0.0001

a P-values were calculated by parametric ANOVAgexdor fecal occult blood scores.
b Data are the mean * standard deviation. *P <,@'®5< 0.001 when compared with controls given D%S.

3.2. 8-Oxo0-7,8-dihydro-2 0-deoxyguanosine levels

In a pilot study, three Wistar rats were given 5%30n drinking water for 2 days. The ratio 8-ox&ito/dGuo
was doubled compared to controls given pure wala(not shown).

Fig. 1 shows the effect of DSS on the 8-oxodGuellavFisher 344 rats. This level in the contradyp ranged
from 1.2 to 4.6 mol of 8-oxodGuo per 105 mol of @Gilihe levels of 8-oxodGuo in the mucosa of ratemi
3% and 6% DSS ranged from 2.5 to 7.1 mol per 106ofdGuo and from 2.5 to 8.0 mol per 105 mol ofuiG
respectively (Fig. 1).

The means of 8-oxodGuo levels in rats treated b8 B8re higher than those of the control and therdinces
were statistically significant (P < 0.014 for 3% ®8nd P < 0.001 for 6% DSS). The difference betwatn
given 3% and 6% DSS was not significant (P = 0.21)
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Fig. 1. 8-OxodGuo levels in colonic mucosa DNA after adstmation of dextran sulfate sodium (DSS) via
drinking water for 2 days in F344 rats. Data aeertiean * standard deviation of 10 independent mes$twom
10 rats. Treated groups are compared to 0% DS$otehly t-test and two-way P-values.

4. Discussion

This work shows for the first time that in rats feih DSS, the level of 8-oxodGuo in DNA of colommcosa
increased two-fold after 2 days. 8-OxodGuo is adersd as a major class of oxidative DNA damagechvts
involved in mutagenic and carcinogenic processaeghErmore, high levels of 8-oxodGuo have beenatietein
target organs of various carcinogens [9,16,19 R8Jlationships between oxidative DNA damage and
Inflammation have previously been convincingly destoated in chronic diseases like hepatitis [114toophic
gastritis caused bielicobacter pylori [4].

The amount of 8-oxodGuo tended to increase witlctimeentration of DSS but there was no significant
difference between rats given 3% and 6% DSS. Tihissconceivable that the 3% regimen might havarsaed
the oxidation process, while the 6% DSS dose nfight been too toxic to the mucosa, leaving femgj\iells.
Indeed DNA can be extracted and measured for agiganly from living cells. DSS (3% and 6%) in dking
water induced a slowing down of the body weighhgaifter 2 days and also induced diarrhea. Theegulesit
loss of water may explain both why rats given D8bnbt grow as rapidly as controls and the incrdasater
consumption. Also rectal bleeding was induced bya3fih 6% DSS. This would confirm that Inflammatioasw
effective in a short time. This is consistent whk experiments of Axelsson et al. [2] which indliceoderate
Inflammation (demonstrated by histological analysismice with 1.25% DSS within 1 week. Reactive/gen
species (ROS) such as superoxide anion and otlygenated radicals are implicated in the Inflammator
reaction [3,7,10]. We speculate that DSS provokelmfliammation of the colon with the generatiorRiS.
Indeed, ROS have been demonstrated to induce DN#agdea [12] and it has been speculated that this DNA
damage could lead to carcinogenesis [5,26].

Thus, it is conceivable that chronic subclinicdboolnflammation is involved in the high frequenafycolon
cancer observed in Western countries. Interestjimgbst of the protective effects of the so-callegdiferranean
diet against cancer might be related to antioxslant free radical scavengers [8,15].



This study has permitted the rapid (2 days) recgrdif early oxidative damage in vivo which may eveaily
lead to colon carcinogenesis. Moreover, this prtatay be used to test the effect of xenobioticefatiets on
the oxidative DNA damage process and to deternmiei antioxidant properties. Further investigationsthis
point are in progress in our laboratory.
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