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Cytochrome P450 1A1 (CYP1A1) enzymatic activity was
evaluated in cultured liver cells, and taken as a biological
indicator of the presence of inducers of this isoform in urban
airborne particulate matter fraction samples. It is known that
CYP1A1 inducers can play an important role in the risk of
mutagenesis and carcinogenesis by environmental pollution.
Aromatic polycyclic hydrocarbons (PAH) from urban air were
collected in the city of Genoa (Italy) at two sites on two
different days of the year. The objective of the study was to
compare the inducibility of cultured rat hepatocytes with that
of MH1C1 and FaO rat hepatoma cell lines after exposure to a
PAH mixture and to a standard compound, such as
benzo[b]fluoranthene (B[b]F). Cytotoxic effects of the tested
concentrations were evaluated by means of 3-[4,5,-
dimenthylthyazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT) and lactate dehydrogenase release (LDH) tests, the
potency of inducers by ethoxyresorufin-O-deethylase (EROD)
assay. The results were in agreement in the three cellular
systems: after exposure to the PAH mixture, an induction at
low concentrations was observed; whereas no induction, but
rather a decrease in activity was shown at higher
concentrations; instead, the exposure to pure B[b]F showed a
dose± response relationship in all cells, even at the highest
doses. Such a difference between the toxicity of the complex
mixture and that of the pure compound could be ascribed to
the presence of drug metabolism inhibitors in the mixture, or
to interactions between the original components and their
metabolites. The finding that the cell lines responded to the
CYP1A1 induction in a very efficient way gives further proof of
the applicability of this system to environmental
biomonitoring.

Keywords; in vitro metabolism, air pollution, CYP1A1 inducers,
liver cell models, environmental biomonitoring.

Introduction
High levels of  a ir  po llutants are  co nsidered to  be one of  the

possible causes  of  cancer (Friberg  and Cederlof  1978,  Ford  a n d

Bialik  1980 ) and the u rban atm osp here  i n  p art icular  is a  so urc e

of  ai rborn e  p a rt iculates  with  bo th m utagenic an d carc ino gen ic

poten tial (Sasaki et al. 1987, Tuo m inen  1 988 ).  Su ch pollutan ts

a re  main ly re p resented  b y co m plex  m ix tures of  polycyclic

a ro m at ic  hy d rocarbons (PAH ), w hose  rel at ive con centrat io ns

can  va ry  accord ing to  diffe rent  con dit i ons,  su ch as the

p resence of  indust r ies,  c l im ate,  and traffic (Barale et al. 1991,

Valer io  et al. 1992). I t  is wel l  estab lished  that  PAH are  p ot en t

ca rc ino gens requir ing m etabo lic  ac t ivat ion before  t hey  can

interact  with DNA , cytochrome P450 1A1 (CYP1A1)  be ing the

main speci f ic  isoform  invo lved in  the bioactivat io n pro ce ss

(Gonzalez 1989) . More ove r,  PAH are  also  potent  ind ucers of

CYP 1A1 , which may thus increase  the p otential  inciden ce  of

cancer and/or  to xic i ty  (Ioannides  an d Parke 1993).

A nalytical  techniques for  the d etect ion of  PA H a re co st ly

and  t im e -co nsum in g,  p art ic ular ly  w h en sa m ple s m ay

th e o ret ical ly  co ntain m ore  than 100 diffe re n t  c o m p o u n d s

contin uou sly chang ing in  their  re lat ive concentr at ions.

M o reov er, i t  is pract ical ly  im poss ib le  to  predict the biolog ical

eff ects  of  complex mixtures,  because the in ter act ions can

p ro duce n ot  on ly ad dit ive o r  synerg isti c eff ec ts but a lso

an tagonist ic  effects (Davis and  Safe  1988) .

T he evaluation of  d rug m etabo lism  in  w hole an imals  or

hu m an s is  no t  v ery  pr act ical  wh en d etai led k now ledg e on a

p a rt icular  cytochrom e P4 50 is w anted .  A s an at tempt to  re d u c e

com plexity  and as an  al ternative to  anim als,  cu ltured  cel ls

su ch  as h epatocytes o r  differen tiated  hep atom a cel l  l in es can

be em plo yed.  T he hepatom a cell  l in es ex pressing a  high degre e

of  differenti at ion ,  part icu lar ly  in  drug m etabolism , offer

several  advantag es  over pr im ary  hepatocyte  cult ures:  bet te r

exp erim ental  re p ro du cib il i t y, long- term eva luat ion of  cyto-

and/or  genotoxic  effects  and their  reversibi li ty,  and  av oidan ce

of  laboratory  a nim al use.

T his  si m ple in  v i tro m o del has been  alre ad y  pro posed  for  the

sc reen ing of  environm ental  CY P1A 1 ind ucers  (Brad law and

Caster l ine  1979 , Sawyer and Safe 1982,  Caster l ine  et  al . 19 83,

S awy er et al. 1984).  Induction of  CYP1A1 in the rat  hepatoma

ce ll l ine H4IIE  has been used as an indicator  of  dioxin-l ike

co m p ou n ds in  th e en vi ronm e nt (Till i t  et al. 1991).  T he m ouse

hepatom a ce ll  l ine H epa 1 w as  also found to  be su itable for

sc reen ing the CYP1A1- inducing potency of  enviro n m en ta l

sam ples (K op po nen  et  al . 1994) .

In  this  study  two w ell  differentia ted h epato m a cell  l ines

(FaO and MH1C1),  that express cyto chrom e P 450 fun ctions

similar  to  that  of  rat hepatocy tes (Donato  et  al. 1994), have

be en  c o m pa red  w i th  p r im a ry  cul tu red rat  hepatocytes to  detect

th e  p rese nce of  CYP 1A1 inducers in  sam ples  of  urban  air  of  the

town of Genoa  (Italy ).

T he aim  o f this  s tudy w as to  evaluate  and co mp are  th e

sensi t ivi ty  of  the two ce l lular  mod els  (h ep ato ma and

hepatocytes ) , as well  as to  asse ss the toxici ty  of  one sample of

airborn e  p art iculate , containing a  m ixture of  PAH , in

com p ari so n w ith  an  in div idu al  com p onen t o f  the  m ix ture ,

nam ely  ben zo[b ]f luoran thene (B[b ]F).  Since  ethoxyreso rufin-

O -deethylase  (EROD) act iv ity  is considered to  b e an in dire c t

m e as u re  of  the pro tein corre sponding to  the CYP1A1  gene

(Nebert and Gonzalez 1987),  it  was chosen  as a  param eter  for

the in ducing  pow er o f  b oth the m ixture  a n d th e p ure
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co mp ou nd. Al l  cel l s were  also exposed to  3-

m e th y lc h olan threne (MC) as a posi tive con tro l .

METHODS

Materials
Culture media and sera were obtained from Gibco (Paisley, UK); collagenase,

diaphorase, NAD, glutamate-pyruvate-transaminase (GPT), ethyoxyresorufin and b -

glucuronidase/arylsulphatase from Boehringer Mannheim (Germany); 3-[4,5-

dimethylthyazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) and resorufin were

purchased from Sigma Chemical Co. (St Louis, USA), acetonitrile (CH3CN, HPLC

grade) from Scharlau S.S. (Barcelona, Spain), benzo[b]fluoranthene (B[b]F) from

Aldrich-Chemie (Steinheim, Germany) and insulin from Novo Nordisk A/S

(Denmark). Dimethylsulphoxide (DMSO), methanol and all other reagents were of

the highest grade available from Merck (Darmstadt, Germany).

Samples of airborne particulate
Airborne particulate samples (APS) were collected at two sites (A and B) in Genoa,

a town with 700 000 residents, situated in the north of Italy. At site A there is a

large steel factory with coke ovens, a blast furnace to produce pig iron together

with a furnace to produce ingot and sheet steels. At this site two samples were

collected on two different days of the year for the analyses (A 1 and A 2). Site B

was characterized by the industrial activity of the petroleum harbour, situated

about 700 m south to south-east of the sampling site, and by a road with high

traffic density; samples were collected at 20 m above the road surface.

APS were collected using a high volume sampler (Metal Work GM WL 2000):

about 2000 m3 of air were filtered in 24 h using glass fibre filters (Gelman Type

A/E 20 ́ 25 cm), retaining particles > 0.3 m m in diameter with 99.9% efficiency.

Filters were pre-treated at 400 °C for 60 min to eliminate organic components.

Each filter was extracted with cyclohexane in an ultrasonic bath, the PAH fraction

was purified by thin layer chromatography and analyses of PAH were performed

by capillary gas liquid chromatography with a flame ionization detector according

to the procedure described by Barale et al. (1991).

Cell cultures
Hepatocytes were isolated from Sprague± Dawley male rats (200± 230 g) by

perfusion of the liver with collagenase, as previously described (Gómez-Lechón et

al. 1992). Cellular viability, as assessed by the trypan blue dye exclusion test, was

always more than 85%. The isolated hepatocytes, resuspended in Ham 

F-12/Leibovitz L-15 (1:1 v/v) medium, supplemented with 0.2% bovine serum

albumin, 50 m g ml± 1 streptomycin and 50 mU ml± 1 penicillin, 10± 8 M insulin and 2%

newborn calf serum, were seeded on fibronectin-coated dishes, and unattached

cells removed by changing the medium after 1 h. After 24 h the medium was

renewed daily with serum-free medium containing 10± 8 M dexamethasone.

The rat hepatoma cell lines MH1C1 (passage 82) and FaO (passage 70) were

purchased from the American Type Cell Culture Collection (Rockville, MD, USA).

Cells were routinely cultured in Dulbecco’s MEM containing 5% foetal bovine

serum, 0.1% non-essential amino acids and antibiotics as described above on

uncoated dishes. For subculturing, cells were harvested after trypsin/EDTA

(0.05%/0.02%) treatment at 37 °C. Cells were used at the 75% monolayer

confluency.

Treatments
The hepatocytes were used 24 h after plating and the cell lines when at the pre-

confluency. Cells were seeded on 96-well microplates (Nunclon, Nunc, Denmark)

and on plastic dishes (area 9.6 cm2) for cytotoxicity and biochemical

determinations, respectively. Cultures were exposed to serum-free medium

containing various concentrations of MC, dried PAH fractions or B[b]F. The

exposure time was 48 h both for cytotoxicity tests and for EROD assay, whereas

the time-course of EROD induction was for 24, 48 and 72 h. MC and the PAH

mixture were dissolved in DMSO, B[b]F in acetonitrile, whereas control cultures

were treated with the same concentration of solvents (0.5%). The three samples

of PAH were diluted in different amounts of solvent to obtain appropriate stock

solutions; final concentrations corresponding to that of B[b]F present in the

mixture were obtained by dilution with the serum-free medium.

Cytotoxicity and CYP1A1 induction assays
Cell viability was evaluated by two different well-known end-points of cellular

damage, as the tetrazolium MTT test and cellular LDH release. The MTT salt was

prepared as a stock solution in PBS (5 mg ml± 1), filter-sterilized and stored at 4 °C.

Before use, it was diluted 1:10 in complete medium. At the end of the treatments,

cells were washed twice with PBS and incubated at 37 °C for 3 h with the MTT

solution. Then, after removal of the medium and washing with PBS, the formazan

precipitate was resuspended in DMSO and the optical density was measured at

570 nm wavelength (Castell and Gómez-Lechón 1992).

The LDH test was performed according to the method described by Ponsoda et

al. (1991). The assay solution was prepared before use by mixing

tris± lactate± MTT buffer (pH 8), NAD solution, GPT suspension and diaphorase.

After treatment with PAH, cells were washed with PBS, resuspended in 0.9% NaCl

solution and lysed in an ultrasonic bath. Then, each well received the LDH assay

solution at 25 °C, the plate was read at 570 nm and the increase in absorbance

with time calculated.

EROD enzymatic activity was measured by a fluorimetric assay (Burke et al.

1985), as described elsewhere (Donato et al. 1993). Monolayers were washed twice

with PBS and the assay was initiated by adding the culture medium containing 10 m M

dicumarol and 8 m M ethoxyresorufin. The incubation was performed for 30 min at 

37 °C and then the reaction was stopped by separating and freezing the incubation

medium. To hydrolyse resorufin conjugates, each sample was incubated with crude

b -glucuronidase/arylsuphatase (165 Fishman units per ml and 1330 Roy units per

ml, respectively) for 2 h at 37 °C; the reaction was stopped by addition of methanol.

After centrifugation at 2000 g for 10 min, fluorescence of the supernatant was

measured at 530 nm excitation and 585 nm emission. The enzymatic activity,

compared with that of a standard solution of resorufin, was expressed as pmol of

resorufin formed per minute and per mg of cellular protein. Total proteins were

determined in accordance with Lowry’s method (Lowry et al. 1951).

Statistical analysis
Data were expressed as arithmetical mean (with n as indicated in each table or

graph) of single values and statistical error indicated as standard error of the

mean (SEM). When considering two single data, the median between these and the

coefficient of variation were analysed. Significance of values was evaluated by the

ANOVA test followed by Dunnett’s, considered more powerful when comparing

treated with control.

Results
In  Table  1  the concentrations in  24-h collections of  the

pr in cipal  PAH fou nd in  th e part iculate  m at ter  obtained  fro m

the sam pling si tes A  and B are  shown . At s i te  A  two  sam ples

(A 1 and A 2) were  col lec ted ,  wh ere  th e se con d sa m ple  w as

co llec ted  60  days after  the f irst . Differences i n  th e PA H

con cen trat ion s,  m easured at  the two  si tes,  were  du e to  th e

char ac ter is t ics o f  the sam pling si tes . The composition of  the

two  sam ples collected at  si te  A  show ed considerab le

d ifferences in  th e PA H concen trat io ns at  the two  samp ling

A. Chiarolini et al.280
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t im es,  w hic h w ere  p robably due to  the different  m eteoro logical

con dit ions.  A  1 w as co llected  with  prev ail in g w ind  d irec t i on

fro m  th e S ou th a nd in  these co ndi t ion s the hig h v olu m e

sam p ler  ret ained much of  the fal l-out  of  the emiss ion from  th e

coke ov ens.  A 2 was collected w ith prev ail ing  w ind  di rect io n

fro m the E ast ,  so  the sam ple was only part ia l ly  inf luenced by

the coke em iss ions;  s i te B was in fluenced  principally  by the

traff ic,  since the emiss ions of  the pet ro leu m  harb our  act ivi ty

w e re  no t  collected  with the high  volum e sam plers,  d ue to  th eir

high vo la t i l ity,  as p rev iously  described (Valerio  et  al. 1992) .

T h e re lat ive com posi t ion of  PAH also  changes accord ing  to

the character is tics of  em it t ing sources.  F or  examp le,  th e mean

[IP]/[BghiP] ratio  in  au tomobile  emissions was found to  be 

» 0.4  (Grim mer 1983). T his ratio , as ca lcula ted in  sam ple  B,

gave a sim ilar  value: 0 .5 ;  but  those  ca lcu lated  for  the A

sam ples g ave different  values:  A 1 = 1.29 , A 2 = 1.16 .

F rom  the analysi s of  the  PAH fraction  puri fied  by th in  layer

c h ro matography, we obtained chrom atogram s with  too many

peak s to allow for  accurate identi ficat ion. The 12 iden tif ied PA H

re p resen t 40±70% of  the  total PAH fract ion (data not  shown).

Despite  a  n um ber o f  end points ,  inclu ding m u tag enici ty  in

the A m es S a lm o ne l la bio assay,  genotoxici ty  in  pro p h ag e a n d

hepato toxici ty  i n  v ivo (De Marini  et  al . 1987) ,  sam ples of

co m plex  m ixtures w ith very  s imilar  chemical  characterizat ion

m ay vary  great ly  in  bio logical  ac tivity.  The evaluation of

cytotoxici ty  was perfo rmed  on ly on sam ple A 1 w ith  on e end -

point , due to  the low  avai labil i ty  of  such  m ater ial . T hus, Tab le

2 sh ow s the resu lts of  the cy totoxic i ty  of  the PAH m ix ture  to

th e t hree cel lular  populat ions,  as evaluated by  the MTT  test .

No signif ican t  loss  of  viabil i ty  was found in  the tre at e d

c u ltu res with respect  to  the contro ls,  excep t  for  the highest

dose tested in  th e MH1C1 cell  l ine, w here  t here  w as  a  re d u c e d

viabili ty,  dow n  to  82 % .

B[b ]F  was ch osen as a n in div idua l  com p oun d to  b e

c o m p are d wi th  th e m ix tures,  since i t  was the m ajor PA H

com ponent. T he cyto toxic i ty  of  B[b ]F  alone  (Table  3) , as

evaluated with MT T and L DH tests,  rev ea led some signif icant

eff ects on the ce l l lines only at  the highest  concentrations (30

an d 4 0 m M) ,  whereas at  lower concentrat ions the percentage  of

s u rv iving ce l ls w as not  decreased sig nif icantly.

In Table 4 basal  E ROD act iv ity  in  all  t reate d cu ltu res is

c o m p ared  w ith so lven t  co ntro ls  an d po si t iv e in du ctio n

co n t ro ls . No signif ican t  changes were  observed  between  b asa l

co n t ro ls  and so lvent  contro ls ,  w hereas 2  m M MC  ind uc ed  th is

In vitro biomonitoring of CYP1A1 inducers 281

[PAH] (ng m± 3)

Samples FLU PY BNT CYC BaA BbF BkF BeP BaP IP DBA BghiP

A 1 22.2 16.3 1.7 1.6 15.5 52.8 23.2 27.0 26.4 18.0 5.4 13.9

A 2 5.4 4.5 1.8 0.6 6.7 17.1 9.4 10.3 7.7 6.4 2.0 5.5

B 0.1 0.3 0.2 0.1 0.2 0.7 0.3 0.5 0.2 0.5 0.1 0.9

Table 1. Daily concentrations (ng m± 3) of main PAH measured in airborne particulate samples collected at site A in two different days of the year and at site B.

FLU: Fluoranthene; PY: pyrene; BNT: benzonaftothiophene; CYC: cyclopenta[c,d]pyrene; BaA: benz[a]anthracene; BbF: benzo[b]fluoranthene; BkF:

benzo[k]fluoranthene; BeP: benzo[e]pyrene; BaP: benzo[a]pyrene; IP: indeno[1,2,3-c,d]pyrene; DBA: dibenzo[a,h]anthracene; BghiP: benzo[g,h,i]perylene.

Treatment Hepatocytes MH1C1 FaO

None 98±2 98±0 106±1

DMSO 0.5% v/v

(solvent control) 100 100 100

PAH mixturea

0.07 m M 99±3 88±2 103±1

0.2 m M 92±1 88±2 98±1

0.3 m M 92±2 91±2 99±2

0.7 m M 91±1 104±1 104±2

1.4 m M 100±6 105±4 107±3

2.6 m M 108±5 104±8 109±3

5.6 m M 110±8 82±2b 108±4

Table 2. Cytotoxicity (% viability vs control) of the PAH mixture (from sample A 1

airborne particulate) as evaluated by MTT test in cultured rat hepatocytes,

MH1C1 and FaO cell lines.

One experiment was performed with at least three to five wells for each dose.

The time of exposure was 48 h. Values are expressed as percentage

(mean±SEM) of surviving cells with respect to solvent controls. Statistical

analysis did not reveal any significant difference among results, except where

indicated.

a Concentrations are referred to those of B[b]F pure component.

b p < 0.01 versus solvent control.

Hepatocytes MH1C1 FaO

Treatment MTT test LDH testa MTT test LDH test MTT test LDH test

None 106±3 105±10 105±2 109±11 104±2 104±2

CH3CN 0.5% v/v

(solvent control) 100 100 100 100 100 100

B[b]F

5 m M 93±0 101±7 97±4 100±4 96±4 97±6

10 m M 93±1 110±5 90±1 95±3 92±1 91±4

20 m M 90±4 94±5 89±2b 82±8 90±3 90±2

30 m M 86±4 96±7 89±4b 74±2b 85±3c 84±0b

40 m M 88±8 91±11 76±3c 61±7c 84±2c 81±4c

Table 3. Cytotoxicity (% viability vs control) of B[b]F assayed by MTT and

intracellular LDH tests in cultured rat hepatocytes, MH1C1 and FaO cell lines.

Values are mean±SEM among percentages of survived cells with respect to

solvent controls from three independent experiments, each performed with at

least five wells for each dose of B[b]F. Exposure time to B[b]F was 48 h.

Statistical analysis did not reveal any significant difference among results,

except where indicated.

a Values from a single representative experiment in five wells.

b p < 0.05

c p < 0.01 (versus solvent control).
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CYP1A1-dependent act iv i ty abou t 10- ,  4 .5-  and 4-fold  in

hepatocytes,  MH1C1 cel ls and FaO cel ls,  resp ectiv ely.

W he n th e PAH  m ixture extracted fro m airborn e p a rt i cul ate

w as in cub ated  w ith h ep atoc yte  cul tures for  48  h (Figure 1),  an

in c rease of  EROD ac tiv ity  was obse rved  w ith  b oth  m ix tures a t

low concen trat ions with a  peak  of  12 .5- fold (A 1) and of  19-

fold (A 2)  at 0.2 m M ,  w h e reas at  higher doses,  a  sharp decrea se

in basa l  ac t ivi t ies was observed.  I t  should  be p ointed out  that

th e con centr at io ns w ith inhibito ry eff ects were not  cyto toxic,

as  m e asu red  by MTT  and  LDH leak age (Table 2).

T he do se±re spo n se cu rves for  the induct ion of  E ROD

activi ty  by the PAH  m ixtures in  both MH1C1 and F aO  ce ll

l ines (Figure 2)  were  similar  to  those of  hepatocytes,  as regard s

th e in crease  at  the low er and  the decrease  at  the high er

concentrat ions.  Com paring results a t the sam e concentrat ion,  i t

shou ld be p oin ted o ut  that  the resu lt s d iffer  acc ord ing to  th e

range of  con centrat ions an d accord ing  to the ce ll  line.  In  fac t,

in  the low-con centrat ion range si te A 1 and B samples were

ab le to  induce  EROD act iv i ty m ore than si te  A  2 sam ples,

w h e reas in  the high-concen tr at ion range the si te A  1 only

rem ained at  high levels ,  with  a net  drop of ac tiv ity in  site  B. Of

the two  cells  l ines, M H1C1  was mu ch m ore  sensi t iv e th an th e

FaO  l ine to  the com pon ents of  the m ixtures,  especial ly  to  those

contain ed in  sam p les B  and A 1 .

W h en  cu l tu res w ere  expo sed  to  the i ndiv idual  chem ical ,

B[b ]F, the dose±re spo n se cu rv es sh ow ed  n o d ecrease  in EROD

act ivity  at  high concen trations (Figure 3) , but  a  plateau was

reached at  the  m aximal induct ion level  of  9 .6-fold,  17 .4-fold

and 9.2-fold for  hepatocy tes, MH1C1 and FaO ce lls,

re sp ectiv ely. E ven  if  the cy totoxic doses  were  re ach ed  in  th is

case ,  n o decrease  in  the ac t ivi ty  was ob serv ed .

T he t im e-course  of  E ROD induction showed a cert a in

d ifference between hepatocytes and cel l  l ines (Figure  4) , in

that  the lat ter  did not  show  the sam e l inear  in crease of  act iv i ty

wi th t ime as sh ow n b y h epato cytes.
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Treatment Hepatocytes MH1C1 FaO

None 1.2±0.2 (9) 2.3±0.3 (10) 2.0±0.2 (9)

DMSO 0.5% (v/v) 1.5±0.1 (3) 7.2±0.2 (3) 3.9±1.0 (3)

CH3CN 0.5% (v/v) 1.7±0.2 (11) 3.5±0.5 (10) 2.4±0.3 (12)

(solvent controls)

MC2 m M 15.2±1.8 (11) 32.2±2.3 (11) 14.5±0.9 (13)

(positive induction control)

Table 4. EROD activity (pmol mg ± 1 min± 1) in cultured rat hepatocytes, MH1C1

and FaO cell lines in basal conditions, solvent controls and after exposure to

3-methylcholanthrene as positive control for monooxygenase induction.

Values are mean±SEM of independent experiments (numbers indicted in

parentheses), each performed in two dishes.

Cells were treated for 48 h.

Values obtained from MC-treated samples were statistically significant 

(p < 0.01) versus all other treatments. Solvent controls versus basal 

controls were not significant.

DMSO: dimethylsulphoxide; MC: 3-methylcholanthrene.

Figure 1. Dose± response curves for EROD induction by PAH mixture in

monolayer cultures of rat hepatocytes. Two independent experiments (c): sample

A 1; C: sample A 2) were performed in two dishes. Cells were exposed to an

aliquot of the mixture containing a given B[b]F concentration as described in

Methods. Coefficients of variation for each pair of dishes were always less than

15%. For each experiment, the fold-increases with respect to the solvent control

are reported below the x-axis.

Figure 2. Dose± response curves for EROD induction by PAH mixture in

monolayer cultures of MH1C1 and FaO hepatoma cell lines. Three independent

experiments with samples from sites B (n), A 1 (c) and A 2 (¶ ) were performed,

each in duplicate. Cells were exposed to an aliquot of the mixture containing a

given B[b]F concentration as described in Methods. Coefficients of variation for

each pair of dishes were always less than 15%. For each experiment, the fold-

increases with respect to the solvent control are reported below the x-axis.
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Discussion
H epatom a ce ll  l in es  re tainin g th e expre ss io n an d ind ucibil i ty

of cytochrom e P450 are  in creas ingly  used  in  th e biom onitor ing

of the environment (Sawyer and Safe 1982, Sawyer et  al . 1984 ,

Kären l a m p i  et  al . 1989, Kärenlam p i a nd T ö rrönen  1990, Til l i t

et al. 1991 , Ko ppo nen et  al. 1994). The resu lts  of  this  study are

in agreem en t with  the co ncept  that  l iver  cel l  cu ltures can be

usefully  applied in  th e assessm en t of  chem ical  r isk .  In

p a rt ic ula r,  th is m odel  is  su i table for  the detect ion  of  inducer s

of  CYP1A1.

T he low  avai labil i ty  of  the sam ples did not  a llow  exten sive

cyto toxici ty  determ inat ions, b ut since cytotoxic  effects  were

v ery  low or absent af ter  t reatm ent of  the ce l ls w ith  the A  1

sam ple (Table 2) ,  w hich  con tained  m uch  m ore  PAH  th an th e

two other  sam ples (Table 1) ,  these lat ter  sam ples sh ould also

not be cyto toxic . From  our f indings i t is c lear  that a l l  the thre e

cellular  syst em s em plo yed are  ab le to  resp on d  to  th e i nd u cer s

of cytochrom e P45 0, with  increase d leve ls of  EROD ac tivi ty.

T he F aO cell  l in e exhibited an indu ction p at tern  rath er  s im ilar

to  th at  displayed by norm al hep atocy tes,  w hereas the MH 1C1

cell  l i ne show ed a m ore  m ark ed increase  of  enzym e activi ty,

especial ly  with th e two sam ples from si tes A 1 and B (Figure

2).  This cel l  l ine was studied  in  the past  for  i ts differen t ia te d

p hen o ty pe  (T ho m p son  et  al . 1966,  Tashjia n et  al . 1970) ,

com pr ising cytoch ro me P45 0 express io n (Ferro  et al. 1 984,

1987 ) and th e cap ab il i ty  to  und ergo m etabolism of l ip id-

p e rox idation-d erived ald eh ydes (F erro  et  al . 1988, Can uto  e t

al . (1993), and  present  f indings confirm  th e suitabil i ty  o f  this

cel l  line to  toxicological applica t ions.

T h e differen ces observed  betw een the in ducin g p ower  of  th e

sam p les f rom  si tes  A 1  and A  2,  wh ich  were  show n af ter

e x p o su re of the  two cel l lines (figure  2) , but no t  by treatm ent of

hepatocytes (F igure 1) ,  m ight  be explained on the bas is  of  the

higher concentr at ions of  PAH at  si te  A 1. However,  wh y th e

sam e di fferen ce w as no t  seen i n  h epatocy tes and  w hy the si te

B samp le,  which co ntained low er con cen trat ions of  each  PA H

(Table 1) ,  so  m arkedly  induced  E ROD act ivi ty  in  MH1C1 cel ls

m ust  st i l l  be explained. One explanat ion for  the la t ter

ph en om en on  c ou ld be ,  sp ecul at iv ely,  that  one or  more

com ponent(s)  of  the m ixture  is(are )  more  act ive at  low than at

high  concentr at ions. Moreo ver, i t is ev ident from  the res u lt s

sho wn  in F igu res  1  and 2 that  the inducibili ty  of  E ROD act ivity

is n ot  l inear  w ith  the concentrat ion of  the m ixture it se lf . In

fac t, after  an  increas e of  act ivi ty,  a constan t  decrease  w as

ob served at  concen tr ation s (re ferr ed  to B[b ]F ) higher than

0.3 m M .  Even if  admitting that  the lack  of  da ta about s ites A 2

and B cytotoxici ty  l im its the understanding o f  the results ,  the

finding that  w ith pure B[b ]F cytotoxic  concentrat io ns were  n o t

in hibit ory  (Figure  3) , and w ith PAH  m ix tu re n on-cytotoxic

con cen tr at io ns w ere  inhibitory,  st rongly  sugges ts that  the

effect  cannot  be due to  cy totoxici ty  (F igures 1  and 2) . T he

d e c rease  of EROD acti vity observ ed at  the h ighest

concentr at io ns could be ascr ibed to  the presen ce in  t he

m ix tu re of  inhibitors acting at the higher doses, or  to  complex

inter ac t ions between the metaboli tes of  the or iginal

com pon ent im pair ing at  a  certain  lev el  the m echanism  of

ind uction .  T his  f act  sho uld be k ept  i n  m in d w hen estab lishing

the r anges of  concentr at ion to  be tested, s ince  at  the highest

concentrat ions the test  system  m ay no t  sho w a net  effec t.

H o w ev er,  al l  th ree cel l  cultu re s re sp on de d in  a  d ose-

dep en den t w ay  to  th e m ain ind iv idu al  com p on ent of  t he

m ix tu re, B[b]F, the MH1C1 ce ll  line being aga in the best

`re sp o n d e r’ ,  as in  the  case of  the  treatm ent  w ith PAH  m ixtu re

(Figure 3).

T he time-course of  B[b ]F  ind ucin g p otency  also sh owed

m o re  p ro no u nc ed  e ffects  in  MH1C1 cells than in  hepatocytes

and FaO cel ls,  even  if  the m onooxygenase  activi ty  incre a s e d

du rin g th e w hole t im e in  n orm al h epatocytes only (F igure 4).
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Figure 3. Dose± response curves for EROD induction by pure B[b]F in rat

hepatocytes, MH1C1 and FaO cell lines. Values are mean±SEM of three

independent experiments, set in two dishes for each concentration. Values were

significant (p < 0.01 for hepatocytes, p < 0.05 for the two cell lines) at doses >

3 m M. The fold-increases with respect to the solvent control are reported below

the x-axis.

Figure 4. Time course of EROD induction in cultured rat hepatocytes, MH1C1

and FaO cell lines by pure B[b]F. Three independent experiments were performed

in two dishes exposed to B[b]F, 15 m M. Values are mean±SEM.
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T h e refore , for  th is rea son,  a t  later  tim e points , h ep atocytes

m ight be preferable as a  scre ening tes t to  the cel l  l ines.  On the

oth er  h and,  i t  m ust  be poin ted o ut  th at  hepatocyte  p rim ary

c u l tu res have general ly  a  shorter  du rabil i ty,  as  a cell  culture

sy stem, than cel l  l ines.  Alternat ively,  the hepatocy te  cultu re s

m ay b e m odif ied w ith t im e, an d th ere fore  becom e m o re

sen si t ive to  m etabolic  inducers . With  resp ec t  to  the pract ical

applicabil i ty  of  hepatocyte  cultures in  rou tin e test ing,  th e

m eth od s h ave be en recen tly  rev iewed , and  a  n um ber of

recom m endation s l isted ,  to  o vercom e various p rob l em s su ch

as the phenotypic instab il i ty  of  this m odel  (Blaauboer et al.

1994).

Our f indings  give further  evidence in  favour of  the

applicabil i ty  of  in  v i tro system s and suggest  th at MH1C 1 and

F aO  hepatom a cell  l ines are  su itable for  the screen ing of

CYP 1A1 inducers  as an al ternative m odel  to  hepatocytes.  I t

shou ld be poin ted o ut  th at ,  a l tho ugh this  cyto chrom e P 45 0

isoform  re p resents  on ly a  sm all  part  of  the whole xenobiotic

biotransform ation,  i t  p lays an  im porta nt  ro le  in  toxici ty,

m u tage nici ty, teratogenici ty  and carcinogenic i ty  of

e nv i ron m en tal  ch em icals .
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