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Quantification of 7-(2-hydroxyethyl)guanine (7-HEG) adduct in
DNA of livers and lymphocytes of male Sprague± Dawley rats
exposed to 300 ppm ethene by inhalation (12 h a day for
three consecutive days) was performed to evaluate the
potential of ethene to produce DNA adducts in these tissues.
The persistence of 7-HEG in livers and lymphocytes was
studied in rats sacrificed 0, 1, 5, and 20 days after the last
exposure. DNA samples from control and treated animals
were analysed for 7-HEG and 7-methylguanine (7-MG)
adducts by thin-layer chromatography (TLC) combined with a
high pressure liquid chromatography (HPLC) assay. After a 
3-day exposure to ethene, 7-HEG accumulated to a similar
extent in liver and lymphocytes, with the mean adduct level of
7.0 ±0.7 adducts per 107 nucleotides in liver and 7.4 ±0.7
adducts per 107 nucleotides in lymphocytes of rats sacrificed
immediately after cessation of exposure. The approximate
half-life of 7-HEG was 5 days in liver and 3 days in
lymphocytes, which is consistent with the loss of adduct
primarily by spontaneous depurination. In addition, the
background levels of 7-HEG and 7-MG were determined in the
liver and lymphocytes from the control rats.
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Abbreviations: DMS, dimethylsulphate; ETO, ethylene oxide; 
7-HEG, 7-(2-hydroxyethyl)guanine; HPLC, high pressure liquid
chromatography; 7-MG, 7-methylguanine; TLC, thin-layer
chromatography.

Introduction
E thene is  one of  the m ost  im portan t  ch em icals  i n  t he

p e t ro ch em ic al  in d ust ry (IARC 1994).  I ts main sou rce i n  t he

u rba n a tm o sp h ere is vehic le  exhaust  (Boströ m et  al. 1994).

E thene  is a lso one of  the  major vola ti le organic  const i tuents of

cigarett e smoke (T örnq vist  et  al.  19 86). E ndogenous sources of

ethen e in clu d e l ip id  p eroxid ation of  unsatur ated  fats  and

metabolism  of  intest inal bacter ia  (T örn qv ist  et al . 1989). I n

vivo  ethene is metabolized by the cyto ch rom e P -4 50  d epen de nt

mixed function oxid ases  to  ethylene oxide (E T O) (S ipes and

Gandol fi 1991), a direct -ac t ing alkyla ting agen t  that is

ca rc inogen ic  in  rod ents  an d geno tox ic  in  h um ans.  H ow ever,

mutagenici ty  has not  been demonstrated for  ethene (IARC

1994) .

Sev eral  ex perimen ts have dem onstrat ed  the i n  v ivo

formation and persis tence  of  7-HEG in DNA fol low ing single or

m u lt i p le  ex p osu res of mice or  rats to E TO. ETO re act s w ith

DNA by an S
N
2 m ech anism , w hich favou rs eff icient  a lk yla t ion

of the N-7 posi tion of  guan ine (Walker et al.  1992). T he

p ro p o rtion s of  7-HEG, 3-(2-hydro xyeth yl)- adenin e and 

O 6-(2-hydro xyethyl)guanine in  DN A are 200 : 8.8 : 1 after  i n

vitro  incubat ion (Segerbäck 1985, 1990) .  T he  formation of  

7-alkylguanines in  DN A has also been dem onst rated in  r ats

exposed to ethene by inhala t ion (Segerbäck 1983,  E ide et  al .

199 5, Sw enberg et al. 1995) . Eide et al. (1995) also

dem onst r ated that  amo ng the C2 ±C8 1-alk en es ,  e thene caused

the highest  levels of  7-alkylguanines. The purpose  of  the

p resen t  s tudy was to  quantify  DN A adduct  form ation after

ethen e inh alat io n in  r ats and to  com pare  the lev el  and

persis tence of  ethene-re lated DN A ad ducts in  l iver  an d in  a

s u rrogate  ti ssue ( lymphocytes) .  In  addit ion,  the backgro u n d

levels of  7-HEG and  7-MG in DNA were  al so  s tudied  as

p rev ious s tudies have sho wn vario us backgrou nd levels of  

7-a lkylguanines (Föst  et al. 1989, Walker et  al. 1992 , van  Del f t

et al. 19 94, S wenb erg et  al.  1995).

MATERIALS AND METHODS

Animals and exposures
Male Sprague± Dawley rats were provided by Mù llegaard A/S, L1. Skensved,

Denmark. The animals were acclimatized for at least 5 days before the start of

exposure. Food and water were given ad libitum except during exposure. At the

start of each experiment the weight of the animals ranged from 203 to 215 g.

The inhalation study was carried out as described previously (Eide et al. 1995).

Animals were exposed to ethene in conically shaped 0.7 m3 steel chambers with

glass front doors and walls. There were five or six animals in each cage and a

maximum of four cages in each inhalation chamber. Air exchange rate was 15 per

hour. Temperature and humidity were kept within limits of 22 ± 0.3 °C and 65 ±
5% relative humidity, respectively. Ethene was delivered by HydroGas AS, Oslo,

Norway with > 99.5% purity. The aimed concentration of ethene was generated by

introducing a controlled stream of pure gas delivered by a two-stage precision

pressure regulator. Exposures were performed during daytime for 12 h a day 

(09 : 00± 21 : 00) for three consecutive days. Light/dark cycles of 14 h light 

(08 : 00± 22 : 00) and 10 h dark (22 : 00± 08 : 00) were kept during

acclimatization and exposure. Control groups of animals were treated identically

with the exposed groups except for the absence of ethene. The concentration of

ethene in the inhalation chamber was monitored hourly by gas chromatography.

The mean concentration (± SD) of ethene for 3 days’ exposure was 296 ± 11 ppm.

Sampling
Immediately after the last exposure, four animals were removed from the

chamber, one at a time as described previously (Eide et al. 1995), for immediate

decapitation and sample preparation (day 0). In addition, groups of four animals

were sacrificed at 18 h (day 1), 115 h (day 5) and at day 20 after the last

exposure. Control animals were sacrificed at day 0 and day 20. Blood (5± 7 ml)

was collected directly into heparinized (1000 IU) 12 ml glass tubes. Lymphocytes
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were isolated with NycoPrep 1.077 Animal TM before they were frozen in nitrogen

and stored at ±  80 °C. Liver tissue (1.5± 2 g from lobus sinister) was transferred

to glass vials and frozen at ±  80 °C.

DNA isolation
DNA was isolated from cellular nuclei of livers and lymphocytes as described by

Gupta (1982). Briefly, the nuclear pellets were treated with RNase A and T1 in 50 mM

Tris Cl buffer, pH 8.0, followed by pancreatic ribonuclease and proteinase 

K treatment. Proteins were removed by phenol extraction followed by chloroform :

isoamyl alcohol extraction. DNA was precipitated by ethanol and washed with 70%

ethanol. The precipitated DNA was redissolved in water, concentration measured

by absorption at 260 nm with a spectrophotometer and RNA contamination 

(< 2%) checked by HPLC after digestion to nucleosides, with nuclease P1 and

alkaline phosphotase.

Preparation of standards
7-(2-Hydroxyethyl) and 7-methyl-deoxyguanosine-5Â -monophosphate adducts were

prepared by reaction of the unmodified nucleotide with ETO and dimethylsulphate

(DMS) respectively followed by purification on HPLC (Kumar and Hemminki 1996).

DNA standards for these two adducts were obtained by treating salmon testis DNA

with ETO and DMS respectively and the level of 7-alkylguanine adducts was

determined by depurination at neutral pH, as described earlier (Kumar et al. 1995).

32P-postlabelling
Analysis of 7-alkylguanine in DNA by the postlabelling assay was performed as

described previously (Kumar et al. 1995, 1996) with minor modifications. Briefly,

5 m g DNA from livers and lymphocytes, as well as DNA reacted in vitro with DMS

and ETO, were incubated at 37 °C with micrococcal nuclease (80 mU per m g DNA,

2 m l) in 3 mM Bicine (0.5 m l), pH 9.0 and 0.2 mM CaCl2 (0.5 m l) for 2 h followed by

addition of spleen phosphodiesterase (1.6 mU per m g DNA, 2.0 m l) and 20 mM

ammonium acetate (1.0 m l), pH 5.0. The incubation was continued for a further 

2 h. The adduct enrichment was carried out by applying DNA digests to strong

anion exchange cartridges. 32P-postlabelling was carried out in a total volume of

2.0 m l containing 2 pmoles [g -32P]ATP, 40 mM bicine buffer, pH 9.6, 20 mM

spermidine and 6U T4 polynucleotide kinase. The mixture was incubated at 

37 °C followed by incubation with nuclease P1 (2.5 m g, 0.5 m l) for 15 min. 
32P-postlabelled mixtures were applied to pre-washed 10 ́  20 cm PEI TLC 

plates and developed with 0.1 M ammonium formate, pH 5.2 in the first dimension

(D1) and 0.6 M ammonium formate, pH 5.2, mixed with 40% n-propanol in the

second dimension (D2). The plates were exposed to X-ray films (Kodak XAR-5) for

2 h at ±  80 °C. The areas of the plates corresponding to adduct spots on

autoradiographs were cut and counted in a Cerenkov counter. The corresponding

areas of the plates containing samples depurinated prior to labelling were used as

background.

Analysis of 7-HEG and 7-MG by HPLC was carried out as previously described

(Kumar and Hemminki 1996). The areas of plates corresponding to 7-alkylguanine

were extracted with 10 mM ammonium formate, pH 5.3, by sonication. For HPLC

analysis, the filtered and freeze-dried samples were diluted to 20 m l with water and

injected into the Beckman HPLC System Gold equipped with a Kromasil C18 

(150 ́  2.0 mm) column. The retention times of the adducts were confirmed by

analysing the aliquots of TLC extracts spiked with synthesized 7-(2-hydroxyethyl)

and 7-methyl-deoxyguanosine-5Â -monophosphate adducts which were used as UV

markers (Kumar and Hemminki 1996). The separation was performed using a

gradient, started at 100 % 0.2 M ammonium formate buffer, pH 4.6 for 10 min,

followed by a linear gradient over the next 10 min to 10% methanol, which was

maintained for 10 min. The methanol concentration was increased to 100 % in the

next 10 min. 7-HEG and 7-MG adducts eluted separately at retention times of 

6.9 and 8.2 min, respectively.

Analysis of results
The in vitro modified DNA with DMS and ETO were labelled in parallel to each set

of rat DNA samples. The absolute adduct level in DMS and ETO modified DNA was

determined by depurination and measurement of released 7-alkylguanine adducts

by HPLC coupled with a diode array detector (Kumar and Hemminki 1996). The

recovery of adducts from these in vitro samples were used to correct the levels of

adducts in the rat DNA samples.

Results
T he level  of  7-alkylguanine adducts in  in  v itro  m odified D NA

with DM S and E T O w as  found to  be 33.8  and  37.5 ad ducts  per

1 06 n ucl eot id es respect ively.  T he recoveries of  7-alkylguan ine

ad d u ct s  in  3 2P-postlabell ing ex perim en ts  w ere  det erm in ed  b y

using D NA m odified in  vi tro  with  D MS and E TO . T he

reco veries were  determ ine d in  e ach  i nd iv id ua l  exp er im ent  a nd

the valu es ob tained  w ere used  to  correct  th e add uct  l evels

d et e rmin ed  in  r at l ivers  and ly mp hocytes.  Figure  1(A) shows

th e 3 2P-post label l ing analysis of  a DMS±DN A standard .  A

sim ilar  pat tern  of  adduct  spots  was found in  the E T O±D NA

sta n d ard .  T he  total  reco very  of  7-HEG and 7-MG adduct was

9.5  ‰3.8 (n = 6) and 20.0  ‰4.2 (n = 6) percent ,  resp ectiv ely.

T he pat terns o f  ad duct  spots  w ere  sim ilar  in  l iver  and

lym phocyte DN A sam ples from  b oth r ats exposed to  300  pp m

ethene for  3  days  (12 h per day)  (Figure  1(B, D))  and  contro l

rats (Figure 1(C, E)). One of these spots (7-alkylguanine)  

co-ch ro m atog rap hed  w ith the post lab elled  and  n uclease 

P1 treat ed sta nd ards; 7- (2-hydroxyethy l) -deoxyguanosine-

5Â-mo nophosphate  and w ith 7-m ethyl-deoxyguano sine-5Â-

m o no p ho sph at e .  H o we ve r, no 7- alkylguanin e ad ducts other

than 7-HEG and 7-MG were  de tec ted  in  the T LC spot  of  the

DN A sam ples.  T hus,  the term  7-alky lguanine is u sed h ere  to

denote the combined  fraction of  7-HE G and 7-MG. T he adduct

C. Zhao et al.356

Figure 1. TLC analysis of (A) salmon testis DNA modified in vitro with DMS; 

(B) liver DNA from rats exposed to 300 ppm ethene for 3 days (12 h per day); 

(C) liver DNA from control rats; (D) lymphocyte DNA from rats exposed to 300 ppm

ethene for 3 days (12 h per day); (E) lymphocyte DNA from control rats; 

(F) liver DNA as in (B) but depurinated prior to 32P-postlabelling. 7-Alkylguanine

adducts are indicated with arrows. D1 and D2 are the directions of

chromatography and ̀O’ is the origin.
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sp ot  was no t  p resent  i f  the DNA  samples were  d ep u r in at ed

(boiled  at  100  °C for 20 min) prior to  3 2P-pos tlabel ling (Figure

1(F )) . T he 7-alkylguan ine adduct  spots were  analysed on HPL C

after  thei r ext rac tion from T LC plates. This resul ted  in  th e

separat ion of  7-HE G and 7-M G adducts  whose  identi t ies  were

estab lished by their  co-m igrat ion with synthesized 7-alky l-

5Â-dGMP  standards used as UV  markers.  Figure  2  sh ow s

re p resentat iv e ch rom atogram s us ing HPL C for separa tion of  

7-HEG and  7-MG adduc ts in  live rs of  cont ro l  (A ) and exposed

rat ki lled im mediately at the end of  3  days (12 h per  day) of

e x p o su re to  300 ppm  eth ene (B),  and also  in  lym phocytes of

co n t rol  (C) and  exposed  rat  (D).

The levels of 7-alkylguanine, 7-HEG and 7-MG adducts in

l iver  an d lym pho cy te DN A samp les  of  the exp osed an d contro l

rats  kil led up to  20 days after  cessa t ion of  exposure  are  sh o w n

Persistence of 7-(2-hydroxyethyl)guanine± DNA adducts 357

7-Alkyl

Sample Group guanine 7-HEG 7-MG

Liver

Exposed day 0 9.1 ± 0.7 7.0 ± 0.7 2.1 ± 0.1

Exposed day 1 7.4 ± 0.4 5.4 ± 0.4 2.0 ± 0.1

Exposed day 5 6.4 ± 0.3 4.0 ± 0.3 2.4 ± 0.2

Exposed day 20 3.1 ± 0.7 0.9 ± 0.2 2.2 ± 0.6

Controls day 0 3.0 ± 0.6 0.9 ± 0.2 2.1 ± 0.4

Controls day 20 2.6 ± 0.3 0.8 ± 0.1 1.8 ± 0.2

Lymphocytes

Exposed day 0 9.6 ± 0.7 7.4 ± 0.7 2.2 ± 0.1

Exposed day 1 7.7 ± 0.6 5.5 ± 0.6 2.2 ± 0.2

Exposed day 5 5.2 ± 0.4 3.0 ± 0.4 2.2 ± 0.2

Exposed day 20 3.0 ± 0.1 0.9 ± 0.1 2.1 ± 0.2

Controls day 0 3.2 ± 0.1 0.9 ± 0.1 2.3 ± 0.1

Controls day 20 3.0 ± 0.2 0.9 ± 0.1 2.1 ± 0.2

Table 1. Level of 7-alkylguanine, 7-HEG and 7-MG adducts (adducts per 107

nucleotides; mean ± SD) in livers and lymphocytes of the exposed and control

rats killed up to 20 days after cessation of 3 days (12 h per day) of exposure

to 300 ppm ethene. 32P-postlabelling was used for DNA adduct analysis.

Figure 2. HPLC-radioactivity detector analysis of 7-HEG (peak ̀ a’) and 7-MG adducts (peak ̀ b’) in liver DNA from a control rat (A), exposed rat killed immediately after

cessation of 3 days (12 h per day) of exposure to 300 ppm ethene (B); and in lymphocyte DNA from a control rat (C), exposed rat killed immediately after cessation of

exposure (D). The radioactive peaks were obtained from excision of corresponding TLC spots.

Figure 3. Persistence of 7-HEG in liver (s) and lymphocyte (n) of rats killed up to

20 days after cessation of 3 days (12 h per day) of exposure to 300 ppm ethene.
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i n  Table 1 .  A sim ilar  amount of  7-alkylguanine and 7-H EG

ad du ct s  w as fo u nd  in  surrogate  t issue ( ly mpho cytes)  and

int e rnal t issue  ( liver )  of rats ki lled  im mediately  af ter  3  days of

e x p o su re  to  300 p pm ethene.  Th us,  the mean levels of  

7-alkylguanine and 7-HE G in  l iver  were  9.1 an d 7.0  addu cts

p er 107 nuc leot ides and  in  l ym ph ocy tes t hey  w ere  9.6  and 7.4

ad d uct s  p er  1 07 n ucleo tide s,  resp ectiv ely.  T he accum u lated 

7-HEG adduct level  af ter  3  days of  exposure  was ~8-fold higher

th an t hat  i n  t he co ntro l  rat s. T he level of  7-MG adduct  was

con stant  in  l iv er  and  lym ph ocytes of  both the exposed an d the

c on t ro l  ra ts  during the 20-day t im e cou rse  of  the study.  T h e

resu lts a lso sho w that  the background level  of  7-MG was 

~2.5-fold  higher  than  that of  7-HE G in  both  liver  and

lym pho cytes o f  con tro l  ra ts.

The persistence of  7-HEG in  liver and  lympho cytes was

determined in DNA of rats killed up to 20 days follo wing the 

3-day exposure to 300  ppm ethe ne (F igure 3). The loss of 7-HEG

was rapid from  the liver  and the lympho cytes,  with  a half- life of

5 and 3 days, respect ive ly. Twenty  days af ter  exposure, the

con centra tions of  7-HEG in  liver  and  lym phocytes  of the tre ated

rats were not stat istica l ly different  from  those found  in  the

tissue s of  cont rol rats. The half-l ife for 7-HEG in liver and

lymphocyte was calcul ated  from a sem ilog  ar ithmetic plot

(F igure 4).

Discussion
Analysis of  t issues of  r ats exposed  to  300 ppm  ethene (12 h per

day;  for  3  days)  by  inhalation dem onstr ated  that  7-HE G

accum ulates in  l iver  an d lym pho cytes.  T he con cen trat ion o f  

7-HEG in DNA of rats ki lled  immedia te ly  af ter  exposure  w a s

sim ilar  in  l iver  (7 .0  adducts per  107 n u cleo tides)  a nd

lym ph ocytes (7 .4  ad ducts  per  107 nu cleotides) .  T he

d e te rmination of  concentrat ion of  free ethene in  r at  t issues

sho w ed  th at  th ey  w ere  sim ilar  in  blood (0.3  m m ol kg±1)  a nd

liver  (0 .4 m mol kg±1)  of  rats  fol lowing ethene exposure  i den tical

to  the present  s tud y (E ide et al . 1995). Previo us s tudi es also

sho wed  th at  the deg ree of 7-HEG form at ion  w as re lat ively

sim ilar  in  ti ssues of  r ats or  m ice  given single or  m ultiple

e x p o su res of  ETO (Osterm an-G olkar et al. 1983, Potter  et al.

1989, Walker et  al.  1990).

T he levels  of  7-alky lguan ines  are  in  very  good agre e m en t

w ith  th ose re p o rted  in  a  p rev iou s study (Eide et  al. 1995).

F u rt h e rm o re , the  level s of 7-HEG in liver  are  b etw een  th ose

ob tained in  anoth er  s tudy after  exposure  to  40  and 100 0 p pm

ethene for  4  weeks, and com par ab le  to  the levels  obtained after

inhalation of  10 ppm E TO  for 4  weeks (Sw enberg et al . 1995) .

Determinat ion of  the pers ist ence of  7-HE G in  v iv o

dem onstrated that  7 -HE G  concentrat ion s d ec lined rapidly 

in  l iver  and lymph ocytes .  T he es t imated half- lives were  3 

day s in   lym ph ocytes and 5 day s in  l iver.  This is in  good

agree m ent  w ith a  p rev io u s s tud y,  w hic h sho w ed  the  i n  v ivo

hal f- li fe  of  2 .9  and 3.9  days for  white  blood ce lls and liver,

respectiv ely,  of  rats exposed to  100  and  200 ppm  of E TO by

inh alat ion  (Walker et  al. 1992).  The rap id rem ova l of  7-HEG 

in  vivo  i s  p rob ably d ue to  sp on taneo us d epur in ation ,  b ecause

the depurination half- l ives from DNA at  pH 7.4,  37 °C are

53±75 h in  v i tro  (Koepke et al.  1988, Segerbäck  1990 ). It  is

re p o rted that 7-HE G is a  substrate  for  3-m ethyladen ine DNA

glycosy lase II  (Habraken  et al . 1991).  T he  rel at iv e distr ib ution

and content  of  this enzym e in various t issues of  rats,  wh ich 

is u nknown , may account f or  the s l ig ht  difference  of  the 

half- l i fe  between l iver  and ly mph ocy te .  A nother explanatio n is

that  the lym pho cyte fract ion may co ntain a  port ion of

gran ulocytes,  w hich h av e a  short half -l ife.

T he background levels of 7-HEG and  7-MG were  

detec table  in  DNA fro m  con tro l  ra ts.  The sources of

background  for  these two ad ducts  m ay  be bo th exog en ous 

and  e nd og eno us (Walker et al. 1990). 7-HEG adduc ts are

form ed by exog eno us exp osure  to  E TO, ethene , 

N -n it ro som o rp h oline,  an d N -ni troso dieth an o lam ine  

(NDE LA) and i ts metabo li tes (Koepke et al. 1988, Ludeke 

and Kle ihues 1988, T örnqvist  1988) or  endogenously  form e d

by  l ip id pero xidat ion  p roduc ts (Tö rnq vist  et  al. 19 89,

K auti ainen  et al. 1993),  wh ereas 7-MG  adducts  are form ed  b y

exo gen ou s exp osure  to  methylat ing agents such as

n i t ro sam ines (S huk er and  Bartsch 1994)  or  by endog enou s

m ethylat ing ag en ts such as  betaine,  cho line and 

S -adeno sylm ethion ine (Barrows and Magee 1982, Ryd b erg  an d

L indahl  19 82, Nä slund  et al . 1983). We foun d that  the

background levels of  7-alkylguan ine and 7-MG were  3 .0 an d

2.2 addu cts per  107 n ucl eot id es respect ively.  T hese  values are

com parable  to  rece nt  resu lts  determ in ed  b y  32P-postlabel l ing

(Eide et al . 1995, Wid lak  et al . 1995). I n  addit ion, the

background level  of  7-HE G (0.9 adducts per  107 nucleo tides)  is

also  com parable  to  that  obtained recently  using  im m uno logical

assa ys (Van Delf t et  al.  1994)  and gas chrom atog ra ph y±m ass

sp ec tro m e t ry  (S wenberg et  al . 1995). However,  m ore  than 1 0-

fold higher levels of  7-HE G (1±2 adducts per  106 n uc leo tid es)

w e re  re p o rt ed  in  hu m a ns a nd  roden ts in  tw o ear l ier  stu dies

involv ing a  gas chrom atograph y±m ass spectro m et ry  m e th o d

(Föst et al . 1989 , Walker et al . 1992).  As the m ost re cen t  dat a

a re  consistently  showing lo w background levels,  i t  is suggested

that  this is  due to  g eneral ly  im pro ved m etho dolo gies.

In  con clusi on,  th e present  stud y co nfirm s th at  exp osu re  to

ethene causes DNA adducts (Segerbäck 1983, Eide et al.  1995,

C. Zhao et al.358

Figure 4. Removal of 7-HEG from DNA as a function of time after 3 days of

exposure of rats (s, liver; n, lymphocyte) to 300 ppm ethene. The background

levels are subtracted from the amounts of 7-HEG adducts, and the amount of 7-HEG

in tissues from rats killed at 0 day after exposure was assumed 100%.
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S w en b e rg et al . 1995) .  Our results showed that  7-H EG  was

rem ov ed rap idly b y sp on taneo us d epu rinatio n.  Al tho ugh  th e

sm all  7-alk ylguanin e adducts  are  n ot  con sidered to  be

p rom utagen ic,  ap urin ic  si tes  have been show n to lead to

m iscoding during D NA  rep licat io n (Takeshita  and  E isen berg

1994), suggestin g tha t 7-HEG can probably play  a  ro l e  i n

eth ene- indu ced geno toxi ci ty.  T he determ in ed  a dd u ct  le ve ls

can be u sed in  r isk  es t imation,  b y com paring D NA adduct

levels  indu ced  by E T O , a  kno wn m utag en  and carc inogen,  to

th ose in du ced b y ethen e,  w hose p ossi ble  m utagen ici ty  and

c a rcinog enici ty  rem ains to  be determ in ed.  T he  re sul ts  sh o w

add it ionally  that  in  the r at  lym pho cyte DN A adducts  pre d i ct

qu ite well  the add uct  levels in  the l iver,  w ith  im pl icat i ons to

h um a n bio m on ito r ing .
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