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SHORT COMMUNICATION

X-radiation induces 8-hydroxy-2’'-deoxyguanosine formation
in vivo in rat mammary gland DNA

Albert D.Haegele, Pam Wolfe and Henry J.Thompsoh acute dose of radiation employed in the study reported herein
Division of Laboratory Research, 1600 Pierce Street, AMC Cancer Researc 390 rad) is approxmate[y equivalent to that administered in
Center, Denver, CO 80214, USA 0 separate treatments in the rat mammary cancer model. In
light of the controversy surrounding the use of phenol, we
examined both phenol-based and phenol-free DNA isolation
procedures.

Nine female Sprague—Dawley rats (Taconic Farms) were
fed an AIN-76A diet containing 6% corn oil for 36 days prior
to irradiation. At 56 days of age rats were anesthetized with
sodium nembutal (7.5 mg/rat; 50 mg/ml) and irradiated along
the right mammary gland chain with 390 rads X-radiation.
The method for unilateral mammary gland irradiation is as
previously described (14). The treatment was delivered at 58.8
rads/min with an orthovoltage instrument (General Electric
Maximar 250; 225 kVp, 16 mA DC, 0.25 mm Cu, 1 mm Al).
Animals were killed 20 min after irradiation and mammary
gland chains excised and frozen in liquid nitrogen.

Frozen mammary gland was pulverized with a ceramic
in 8-OHAG concentration in mammary gland DNA, and mortar and pestle u_nder _Ilqwd nitrogen. ApprOX|mat(_er 500
that the use of a phenol-based versus a salt-based method M9 Of frozen pulverized tissue was added to 12 ml ice-cold
of DNA isolation had no significant impact on the levels of ~Nucléi isolation buffer (100 mM NaCl; S mM Mggl 0.5%

8-OHdG detected in either control or irradiated tissue. Nonidet p-40; 50 mM Tris, pH 7.4) and vigorously mixed. The
mixture was transferred to an ice-cold Dounce homogenizer and

o o ] further disrupted with seven strokes of the ‘B’ pestle prior to
Oxidative DNA damage has been implicated in a number ofemoving nuclei from suspension by centrifugation at 5900
disease syndromes including cancer (1-6) and 8-hydréxy-2qr 10 min. The subnatant was resuspended in 6 ml digestion
deoxyguanosine (8-OHdG*) is generally regarded as a reliablg ey [100 mM NaCl; 30 mM Tris pH 8.0; 25 mM EDTA,
indicator of such damage (4—6). Widely disparate levels of 8, 8.0; 10 mM 2-mercaptoethanol; 0.75% sodium dodecyl
OHdG are reported from different laboratories, however, and,iate: 1 mg/ml proteinase K (E.Merck, Darmstadt, Germany)]
a number of important methodological issues that surround 85,4 incubated at 50°C for 20—24 h. The extensi\;ely digested

OthGl _anzél),\/;i\s_ h?v_e emerge(;j. Amhongbtheser,] the bgse uclei preparations were divided into two 3 ml aliquots and
phenol in isolation procedures has been the subject o NA was isolated by one of two methods.

considerable controversy (5,7-12). Phenol has been reporte In the phenol-based DNA isolation, the 3-ml digested nuclei

to induce 8-OHdG formation (7,10) and, conversely, not topreparation was extracted sequentially with 1.5 ml phenol

art|_f|C|aIIy elevate 8-OHdQ levels .(.5’8'9)' A recent report IBI/Kodak, Rochester, NY) and 1.5 ml Sevag (chloroform/
claims that phenol extraction sensitizes DNA to subsequen

oxidative modification, and makes the provocative inference oamyl alcohol, 24:1). The aqueous phase was recovered from

that labile guanine sites are generated under oxidative condeﬁhe organic extractions and DNA was precipitated by addition

tions that can be detected as 8-OHdG after phenol extractio?\f 0'04. and 0.75 vol. o5 M NaCl and 100% isopropanol
(12) respectively.
lonizing radiation is a well-established carcinogen that In the salt (ammonium acetate)-based DNA isolation, an

induces oxidative DNA damage (13). Treatment with X- aliquot Of.l ml of 7.5 M ammonium acetate was adde_d o
radiation has been shown to be a complete carcinogen as w L]ml of dl_gested r]u_clel preparation and thoroughly m'xed'
as to greatly enhance MNU-induced carcinogenesis in the rg¢1€ resulting precipitate was removed by centrifugation at
mammary gland (14). While ionizing radiation has been showrt0 000 g for 10 min. The supernatant was decanted and
to induce 8-OHdG formation in rat liver (15), the doses €Xtracted with 2 ml Sevag_,_and DNA was preC|p_|tated from
employed (30-173 krad) were much larger than those used ithe aqueous phase by addition of Q.75 yol. 100% isopropanaol.
the aforementioned rat mammary cancer model (25 doses &UCEIC acid clumps from both isolation method_s, treate_d
180 rad each ovea 5 week interval). We sought to determine identically henqeforth, were fcransferred to 1_.5 ml mlcrocentn—
if a dose of X-radiation that is profoundly carcinogenic whenfuge tubes (Fisher) and rinsed sequentially with 70 and
chronically administered would result in a detectable increasé00% ethanol. After drying under vacuum, the samples were
in 8-OHdG concentration in rat mammary gland DNA. The reconstituted with 100ul 20 mM sodium acetate buffer

containing 5 mM 2,2dipyridyl (DP). DP is an iron-stabilizing
*Abbreviations: 8-OHdG, 8-hydroxy-2deoxyguanosine; DP, ZZlipyridyl; ~ reagent that has been shown to inhibit free radical producing
MNU, 1-methyl-1-nitrosourea; NMWL, nominal molecular weight limit. reactions initiated by both Fell and Felll (16).
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lonizing radiation is a carcinogen that induces oxidative
DNA damage. 8-Hydroxy-2-deoxyguanosine (8-OHdG) is
a relatively abundant, mutagenic lesion that is widely
regarded as a reliable index of oxidative DNA damage.
The purpose of this study was to examine the effects of
X-radiation on levels of 8-OHdG in the context of an
experimental model for breast cancer in which chronic
radiation exposure has been shown to be carcinogenic in
Sprague—Dawley rats. A secondary objective of this study
was to determine if the use of phenol during DNA isolation
affected the concentration of 8-OHdG subsequently meas-
ured. Our results indicate that a profoundly carcinogenic
dose of radiation induced a small but significant increase
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Dissolution was allowed to proceed overnight at room
temperature in the dark, followed by sequential digestion with
nuclease P1 (Sigma #N-8630; 4 units delivered iqutl20 mM
sodium acetate, pH 4.8) for 12 min at 65°C and alkaline
phosphatase (Sigma #P-0280; 5 units delivered iull0 M
Tris, pH 8.7) for 30 min at 37°C. An aliquot of 125l of
100 mM sodium acetate, pH 4.8, was then added and the
solution filtered through a 10 000 NMW.L filter (Millipore
#UFC3LGCNB). The samples were kept on ice and protected
from light prior to HPLC analysis, which was completed
within 8 h of nucleic acid digestion.

8-OHdG and dG were quantitated by use of reverse phase
HPLC that utilized electrochemical and spectrophotometric . |
detection. The method employed is based on that of Floyd phenol  salt phenol  salt
et al (17), with some modifications. The separation was CONTROL IRRADIATED
performed isocratically on a 46250 mm_Rainin Microsorb Fig. 1. Comparison of 8-OH ncentration in DNA isolated from control
C18 COlumn (5pm, 100 A) W'th a mobile phase of 8.2% angd irracdci)atgs1 rﬁgmr?wa?ycglfn?jscgyc;he:ol?and salt-bzgea:jer?roc%dljfgs (O
methanol in 50 mM potassium phosphate buffer, pH 5.59 per group). 8-OHdG concentration in DNA from irradiated mammary
delivered at 1 ml/min. Detection of 8-OHdG was achieved onglands was significantly higheP(= 0.0002) than that from control glands
an ESA Coulochem Model 5100A electrochemical detectof epeated measures multivariate analysis of variance. DNA isolation
equipped with a model 5011 analytical cell. Detector potentiaI%‘eetwggn\“ﬁz&?';t?gﬁta%egﬁg igcf;i)brr rrféfh‘g;s no significant interaction
were set as follows: guard celt0.43 V, detector one-0.12
V, detector two+0.38 V. 8-OHdG was measured as current
at detector two. dG was monitored by absorbance at 290 nm
with a Shimadzu SPD-10AV spectrophotometric detector/able I Mean (-SE) 8-OHdG concentrations (moles pef Ioles dG) in
installed downstream from the electrochemical detectofs;\llfbﬁsoézted from control and irradiated mammary glands by phenol- and

procedures
Results were reported as moles 8-OHdG peft mbles dG.
8-OHdG was generously provided by R.A.Floyd; dG wasTreatment 8-OHdG
purchased from Boeringer Mannheim (Mannheim, Germany);

A repeated measures multivariate analysis of variance was°"! g:;”‘ﬂ LSS
employed to examine the effects of irradiation and DNA | .diated  Phensi 896+ 0.58
isolation method on 8-OHdG concentration. In this model, the Salf 8.78 + 0.50
response variable is 8-OHdG concentration (moles pér 10
moles dG) and the main effects are the categorical variable;ﬁ
irradiation (yes/no) and DNA extraction method (phenol/salt).
A repeated measures model was deemed appropriate because
all measurements are not independent: the four values reporteadiation are thought to be primarily the result of oxidative
for each animal, i.e. the two measurements (phenol and sadllNA damage (13), and that chronic treatment with radiation
based) performed on both control and treated mammarin this dose range is strongly carcinogenic. This observation
gland chains, are correlated. Because the interaction betwesnggests that increased levels of oxidative stress that cause no
irradiation and DNA isolation was not statistically significant, overt, acute symptoms, but are nevertheless associated with
the interaction term was not included in the final model. the induction of cancer may result in oxidative DNA damage

Concentrations of 8-OHdG in DNA isolated from irradiated increases that are small and difficult to detect. These data also
mammary glands and from controls (lead-shielded mammarprovide a basis for assessing work in which elevated levels of
glands) from nine animals are shown in Figure 1 and Table loxidative DNA base damage (including 8-OHdG) were
The increase in 8-OHdG concentration associated with X-rayeported in malignancies and surrounding uninvolved tissue in
treatment was highly significanP(= 0.0002) whereas the humans (18). There has been concern that artifacts of the
method of DNA isolation was found not to have a significantanalysis procedure may contribute substantially to those values
effect P = 0.45). The interaction between irradiation and (10,19,20). Although the authors emphasize differences in the
DNA isolation method on the concentration of 8-OHdG spectrum of DNA damage between normal and malignant or
detected was not statistically significant, which indicates thasurrounding tissue rather than the absolute levels of such
phenol-based DNA isolation is not required in order to observelamage, and indeed those differences are intriguing, the values
an effect of irradiation on 8-OHdG concentration. reported are much higher (20- to 200-fold for 8-OHdG) than

The level of X-radiation imposed on the irradiated mammarywe have observed, even in response to a focally administered
gland is in a range that has previously been reported bgose of ionizing radiation. Our data suggest that the high
our laboratory to be a potent carcinogen when chronicallyevels reported in the aforementioned account primarily reflect
administered (14). In this previous account, treatment withartifact and that such high levels are not obligatory to influence
X-radiation significantly enhanced MNU-induced mammarythe carcinogenic process.
carcinogenesis as well as causing a dramatic increase in The issue of methodology used in the analysis for 8-
mammary cancer when administered in the absence of MNUOHAG is critical and a subject of considerable discussion and
It is noteworthy that the treatment reported herein resulted iontroversy (5,7-12,15,17-19). It has been reported that the
only a modest (~18%) increase in 8-OHdG concentrationuse of phenol in the isolation of DNA atrtificially induces the
given that the carcinogenic effects in tissue exposed to ionizinfprmation of 8-OHdG (7,10), and it has also been argued that
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error bars = SEM

8-OHdG concentration
(molés per 10° moles dG)

= 9 per group. Irradiated glan®isontained significantly more 8-OHdG
an controld (P = 0.0002).
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phenol is necessary for obtaining DNA of suitable quality for 3-émesé3-g‘h(l9gg) Endog;lnlozuls T;igative DNA damage, aging, and cancer.
8-OHdG a.naly.SIS (11) E\.“de.nce has also. .bee.n reported Of4.Aﬁgs,;N.,essr?i;nemngga,i\/l.K. and Hagen,T.M. (1993) Oxidants,
phenol labile sites, i.e. OX|da_t|ve DNA_ mOd'ﬂcat'C_mS that are antioxidants, and the degenerative diseases of agimg. Natl Acad Sci
detectable as 8-OHdG only if phenol is used to isolate DNA usa 90, 7915-7922.
(12). The data reported herein are in agreement with a numbes. Shigenaga,M K., Aboujaoude,E.N., Chen,Q. and Ames,B.N. (1994) Assays
of accounts in which no induction of 8-OHdG attributable to o oxidalive DNA damage markers 8ox¢-deoxyguanosine and 8
exposure of DNA to phenol was Obser\_/ed (5_’8’9)' Areeal quui% chromatography with eIectrochegﬂcal detectit{metg Epnzymol,
report that even phenol that has been intentionally aged under 234 16-33.
undesirable conditions, failed to induce 8-OHdG formation in 6.Floyd,R.A. (1990) The role of 8-hydroxyguanine in carcinogenesis.
DNA to which it was exposed (4). They also note that phenol _ Carcinogenesisll, 1447-1450. o
itself is an antioxidant with an oxidation potential well below - Claycamp.H.G. (1992) Phenol sensitization of DNA to subsequent oxidative
L - damage in 8-hydroxyguanine assa@arcinogenesisl3, 1289-1292.
that of dG. We were nonetheless fastidious in our use Of8.Harris,G., Bashir,S. and Winyard,P.G. (1994) 7,8-Dihydro-8-0%o-2
properly handled redistilled phenol (21). Our use of two  deoxyguanosine present in DNA is not simply an artifact of isolation.
different DNA isolation procedures was intended to maximize Carcinogenesisl5, 411-413.
our ability to observe X-ray—mediated effects on 8-OHJG 9-Adachi,S., Zeisig,M. and Moller,L. (_1995_) Improvements in the anal_ytical
abundance, and to facilitate direct comparison of our phenol- Tgtggg_fzosrs&hydroxydeoxyguanos'ne in nuclear DNGarcinogenesis
based and phenol-free DNA isolation procedures. It should b@O.Négashima,M, Tsuda,H., Takenoshita,S., Nagamachi,Y., Hirohashi,S.
noted that our tissue samples were treated identically (tissue Yokota,J. and Kasai,H. (1995) 8-Hydroxydeoxyguanosine levels in DNA
disruption and digestion) prior to DNA isolation, in contrast  of human breast cancers are not significantly different from those of non-

to some literature comparisons of phenol-based and phenol- $ancerous breast tissues by the HPLC-ECD meti@ahcer Lett, 9,

free methods (8’9',12)' Moreover' the tissue Q|gest|0n employeﬁ.Malins,D.C., Holmes,E.H. and Gunselman,S.J. (1995) Comme@ianger

in our laboratory is extensive compared with most accounts |ett, 94, 233.

in the literature. Consequently, methodological differenceg2.FinneganM.T.V., Herbert,K.E., Evans,M.D., Griffiths,H.R. and Lunec,J.

exist that preclude direct comparison of our results with those _(19|96_) E;'dengf Ofl‘g. Slelr\‘/ls'tézaz“c‘)’”ggf Q%NA to oxidative damage during
. . . .~ isolation.Free Rad Biol. Med, 20, 93-98.

o_btaln_ed by other methods, and itis p053|_b_le that our eXhauStlvﬁ.Teoule,R. (1987) Radiation-induced DNA damage and its rejpair.J.

dlg_estlpn make_s subsequent DNA _purlf_|cat|on less crltlc_al. Radiat Biol., 51, 573-5809.

Oxidative conditions are known to give rise to DNA—protein 14.Kantorowitz,D.A., Thompson,H.J. and Furmanski,P. (1995) Effect of high-

complexes. Given that methods specifically designed for pre- dose, fractionated local irradiation on MNU-induced carcinogenesis in the

ikt iH ; rat mammary glandCarcinogenesisl16, 649-653.
Cipitating such complexes utilize buffers of high salt and 5.Kasai,H., Crain,P.F., Kuchino,Y., Nishimura,N., Ootsuyama,A. and

qetergent Concentratlons (22',23)' procedures employlng ‘,Sal ~ Tanooka,H. (1986) Formation of 8-hydroxyguanine moiety in cellular
ing out’ for protein removal risk loss of complexed DNA in DNA by agents producing oxygen radicals and evidence for its repair.
samples that have not been completely digested. In DNA Carcinogenesis7, 1849-1851.

where oxidative damage is distributed heterogeneously, thi&6-. Burkitt,M.J. and Mason,R.P. (1991) Direct evidenceifovivo hydroxyl-

: : ; : radical generation in experimental iron overload: An ESR spin-trapping
could result in selective loss of more highly damaged regions, investigationProc. Natl Acad Sci USA 88, 84408444,

which would presumably contain higher levels of both 8-17 Fioyd,R.A., West,M.S., Eneff,K.L., Hogsett, W.E. and Tingley,D.T. (1988)

OHdG and DNA-protein complexes. The low solubility of  Hydroxyl free radical mediated formation of 8-hydroxyguanine in isolated

DNA in phenol at basic pH may facilitate more complete  DNA. Arch. Biochem Biophys, 262, 266-272.

DNA recovery with phenol based methods thereby offeringl& Mglms,D.C., Holmes,E.H., Polissar,N.L. and Gunselman,S.J. (1993) The

’ A etiology of breast cance€ancer 71, 3036—-3043.

an advamage over salt-based 'procedures. Our da_-ta do in fai%t. Ravanat,J.-L., Turesky,R.J., Gremaud,E., Trudel,L.J. and Stadler,R.H.

show a slight trend toward higher and less variable DNA  (1995) Determination of 8-oxoguanine in DNA by gas chromatography-

recovery for the phenol- versus salt-based methods (62.8 mass spectrometry and HPLC-electrochemical detection: overestimation

18.3 versus 58.25- 19.0 ug DNA recovered respectively), of the background Ievela;{]the oxidized b?se by the gas chromatography-

. . . [y mass spectrometry ass@hem Res Toxicol, 8, 1039—-1045.

but the difference is not StatIStIC_a”)_/ _S|gn|f_|cant. . G20. Douki,T., Delatour,T, Bianchini,F. and Cadet,J. (1996) Observation and
In summary, we observed a significant increase in 8-OHAG  prevention of an artefactual formation of oxidized DNA bases and

concentration in DNA from rat mammary gland associated nucleosides in the GC-EIMS metho@arcinogenesisl7, 347-353.

with in vivo X-ray treatment. The increase appears modes?l. Sambrook,J., Fritsch,E.F. and Maniatis, T. (19&8)ecular Cloning Cold

; inti Spring Harbor Laboratory Press, Cold Spring Harbor, NY, p. B.4.
with respect to a dose of radiation that has been shown to b?Z.OIin,K.L., Cherr,G.N., Rifkin,E. and Keen,C.L. (1996) The effects of some

highly carcinogenic. The phenol- and ammonium acetate-"" ooy active metals and reactive aldehydes on DNA-protein cross-links
based DNA isolation procedures employed are statistically in vitro. Toxicology 110, 1-8.

equivalent. We observed scant evidence for the existence @8.Zhitkovich,A. and Costa,M. (1992) A simple, sensitive assay to detect
phenol labile sites or artificial induction of 8-OHdG by use DNA-—protein crosslinks in intact cells and vivo. Carcinogenesis13,

of phenol. 1485-1489.
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