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Chloroform is a nongenotoxic-cytotoxic liver and kidney car-
cinogen and nasal toxicant in some strains and sexes of rodents.
Substantial evidence indicates that tumor induction is secondary
to events associated with cytolethality and regenerative cell pro-
liferation. Therefore, pathways leading to toxicity, such as meta-
bolic activation, become critical information in mechanism-based
risk assessments. The purpose of this study was to determine the
degree to which chloroform-induced cytotoxicity is dependent on
the cytochromes P450 in general and P450 2E1 in particular. Male
B6C3F,, Sv/129 wild-type (Cyp2el+/+), and Sv/129 CYP2E1
knockout (Cyp2el—/— or Cyp2el-null) mice were exposed 6 h/day
for 4 consecutive days to 90 ppm chloroform by inhalation. Par-
allel control and treated groups, excluding Cyp2el-null mice, also
received an i.p. injection (150 mg/kg) of the irreversible cyto-
chrome P450 inhibitor 1-aminobenzotriazole (ABT) twice on the
day before exposures began and 1 h before every exposure. Cells in
S-phase were labeled by infusion of BrdU via an implanted os-
motic pump for 3.5 days prior to necropsy, and the labeling index
was quantified immunohistochemically. B6C3F, and Sv/129 wild-
type mice exposed to chloroform alone had extensive hepatic and
renal necrosis with significant regenerative cell proliferation.
These animals had minimal toxicity in the nasal turbinates with
focal periosteal cell proliferation. Administration of ABT com-
pletely protected against the hepatic, renal, and nasal toxic effects
of chloroform. Induced pathological changes and regenerative cell
proliferation were absent in these target sites in Cyp2el—/— mice
exposed to 90 ppm chloroform. These findings indicate that me-
tabolism is obligatory for the development of chloroform-induced
hepatic, renal, and nasal toxicity and that cytochrome P450 2E1

appears to be the only enzyme responsible for this cytotoxic-
related metabolic conversion under these exposure conditions.
© 1999 Academic Press

Water intended for human use and consumption is com
monly disinfected with chlorine-based chemicals. Chloroform
is usually the most prevalent by-product of these disinfectior
processes, and drinking water concentrations have been r
ported to range from 0.0001 to 0.3 ppm chloroform (Symeins
al., 1975; Uden and Miller, 1983; Craun, 1993). Chloroform
can volatilize from water, and concentrations as high as 0.00
ppm have been measured in ambient air (Siegal., 1982; Jo
et al., 1990). Industrial processes such as bleaching of pap:
with chlorine can also yield chloroform that is released directly
into the atmosphere or volatilized from waste waters (Butlel
and Dal Pont, 1992).

Chloroform induced liver cancer in male and female
B6C3F, mice when given by gavage but not when given in the
drinking water, induced kidney cancer in male but not female
Osborne—Mendel rats when given by gavage or in the drinkin
water, induced kidney cancer in male but not female BDF
mice when administered by inhalation, and induced no cance
in F-344 rats when given by inhalation (National Cancer In-
stitute, 1976; Jorgensaet al., 1985; Yamamotat al., 1994).
These studies have demonstrated that liver and kidney a
target organs for chloroform-induced cancer and that tuma
formation is highly dependent on genetic background, specie
strain, gender, and rate of administration. Chloroform expo
sures have also produced hypertrophy and hyperplasia of tl
periosteum and irregular formation of new, immature bone ir
nasal passages of female and male B6Q8Iiee (Larsoret al.,
1994d, 1996).
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such as metabolic activation, become critical information giudy. TheCyp2etnull (about 13 weeks old) and wild-type (about 11 weeks
mechanistically based quantitative risk assessments. old) strains of mice were Jgeneration Sv/129 mice that were bred and reared

: T . . t the National Cancer Institute and shipped to CIIT for the conduct of thes
Chloroform-induced hepatotoxicity is associated with mé: " . nipp . ) |
Studies. Animals were allowed to acclimate for 1 week. Previous studies hav

tabolism by a CytOChrom_e P450 oxygen-de_pendent pathW@¥nonstrated a complete absence of Cyp2e1 protein expression and disrupt
(Mansuy et al., 1977; Smithet al., 1983; Smith and Hook, of the CYP2E1 mRNA in the livers of thes@yp2el-/— mice (Leeet al.,

1984)_ In the liver and to a lesser degree in the kidne;&}%; Valentineet al., 1996). All mice were housed in humidity- and temper-
biotransformation of chloroform produces the toxic metab@;ure-controlled facilities accredited by the American Association for Accred-

. . itation of Laboratory Animal Care. Mice of each strain were randomized by
lites phosgene and HCl (Manswt al., 1977; Pohlet al., weight, assigned to various treatment groups, and housed individually i

1977). Phosgene is then believed to attack nucleophilic siteS@iiess steel hanging wire cages contained within H-1000 stainless ste
proteins, leading to cell death (llegt al., 1973; Smithet al., chambers. Control and chloroform-exposed animals were housed in separ:
1983; Cowlenet al., 1984). Chloroform-induced cytotoxicity chambers. The room in which the chambers were maintained was on a 12
has been proposed to be dependent on the rate at WhiCh“ﬂ%‘dark cycle, 22.2= 4°C, and 60+ 15% relative humidity. NIH-07 rodent

target tissue dose is metabolized (Cordﬂ)al., 1990 Reitzet choyv (Zleglgr_Bros., Gardengr, PA) and deloplzed filtered tap water wer
availablead libitum, except during exposure periods.

al., 1990)' The degree of organ-spe_cmc dam_age IS be“_eved t%eneration and characterization of atmospheresTarget exposure con-
be dependent on the rate of production of toxic metapolltes afhtrations of chloroform were 0 and 90 ppm. The average chloroform cor
subsequent cellular damage versus the rates at which the e@llration was 92+ 4 ppm, as measured at the inlet to the exposure system

can detoxify those metabolites or repair any induced cellul@ife exposure atmospheres were generated by a dilution technique usi

damage (Conolly and Andersen, 1991; Conolly and ButtdfEPA-filtered air. Exposures were conducted in glass, single-animal, whole
worth 1995) ’ ' body exposure tubes similar to those described in Doretaal. (1996). The

. . . total airflow through each exposure system was maintained at approximate
The e_Xtent to_ which ChlorOform_VerSUS its metab(_)“tes aB | /min, providing a flow of approximately 2.0 L/min through each of the 16
responsible for induced cytolethality has not been rigorousdyposure tubes per system. These exposure systems were placed inside s

determined. This information is critical in the formulation of date 1-n Hinners-style inhalation chambers that served as a secondary col
Comprehensive risk assessment model tainment hood to reduce the chance of any cross contamination. Approximate

. . . . 15 min before the exposure, the mice were transferred from their home cag:
The objectives of this study were (1) to establish Wheth?orthe inhalation tubes. Relative humidity and temperature were monitored i

_chlorofom_] biOtranSformatio_n is reqUireq to prodgce CthtO)g representative tube that contained a mouse, using an Omega RH 30 te
icity and induce regenerative cell proliferation in the liverperature—humidity indicator (Omega Engineering Inc., Stamford, CT). Fol
kidney, and nasal passages of mice and (2) to determine dyeéng exposures, all the mice were exposed to control air for approximatel
degree to which one specific cytochrome P450, namel§) min before being retumed to their home cages.

Cypz2el is responsible for chloroform-induced cytotoxicity. Experimental design. Male mice were chosen to investigate the role of

These studies used an irreversible inhibitor of ¢ tOChromCYPZEl since they are susceptible to both hepatic and renal toxicity followin
Yy glﬁoroform inhalation exposure. The chosen inhalation exposures in this stuc

P450 as well as genetically engineered_ mice deficient in actiygre based on previous experiments performed at CIIT. Exposures of 6 h/d:
Cyp2el Cyp2elt-/— or Cyp2elnull mice). Male B6C3E for 4 consecutive days to 90 ppm chloroform were known to produce the

mice, which have been used extensively in previous chlordesired cytotoxic effects in the known target organs (Larsbal., 1994d,

form studies provided a comparison for results observed vvi‘ltpi%). Previous studies conducted in our laboratory demonstrated that t
the Sv/129 rﬁouse strain production of frank necrosis and regenerative cell proliferation in target tissue

after 4 days of exposure is representative of the sustained degree of respor
for exposure periods of over 90 days (Larsgiral., 1996).
MATERIALS AND METHODS Parallel control and treated groups (5 animals/group), exclu@iypRet
null mice, also received an i.p. injection of either saline or an irreversible
Chemicals. Chloroform, >99.5% purity and stabilized with 0.006% inhibitor of cytochrome P450 activity, ABT (150 mg/kg), twice on the day
amylenes, was purchased from Aldrich Chemical Company, Inc. (Milwaukeeefore exposures began and once every following mgrriinh prior to
WI) and stored in stainless steel pressure vessels. 1-AminobenzotriaZgioroform exposure (days 1-4). ABT is known to act as a suicide inhibitor of
(ABT), >99% purity, was purchased from Sigma Chemical Company (Stytochromes P450 (Micet al., 1988). ABT treatment does not result in overt
Louis, MO) and prepared as a 12 mg/ml solution in saline and filter sterilizeglinical toxicity and produces only small increases in relative liver weight and
ABT solutions were prepared fresh prior to administration. A 16 mg/nfhild hepatocytic hypertrophy (Meschtet al., 1994). Hence, toxicity was
solution of 5-bromo-2deoxyuridine (BrdU) (Sigma Chemical Co.) was pre-€valuated based on the specific role of CYP2ETyp2etnull mice versus the
pared in phosphate-buffered saline (PBS) with stirring at 37°C and filtaggregate role of cytochromes P450 in ABT-treated wild-type mice.
sterilized. BrdU solutions were prepared on the days they were dispensed intbabeling cells in S-phase. Chloroform-induced regenerative cell prolifer-
the osmotic pumps. ation was evaluated by the immunohistochemical detection of the incorpore
Animals and husbandry. All animal experiments in these studies Weretion of the thym|d|ne analogue BrdU into the nuclei of cells in S-phase. A 16
conducted under federal guidelines for the humane use and care of laborafBgym! BrdU solution was delivered at a flow rate ofulth for approximately
animals (National Research Council, 1996) and were approved by the Cheh days prior to necropsy by an implanted osmotic pump (Alxétdel 2001,
ical Industry Institute of Toxicology (CIIT) Institutional Animal Care and UseAlza Corporation, Palo Alto, CA) to label the DNA of cells in the S-phase of
Committee. Three different types of mice were used in this study: malee cell cycle. Osmotic pumps were implanted under isofluorane anesthesia a
B6C3F, mice, male Sv/129 wild type mice, and male genetically engineer@§eptic conditions as described in Eldridgeal. (1990).
Sv/129 Cyp2einull mice. Male B6C3FE mice (B6C3R/CrIBR) mice were Necropsy. At necropsy, mice were weighed, anesthetized with sodium
purchased from the Charles River Breeding Laboratories, Inc. (Raleigh, NCyantobarbital, and euthanized by exsanguination. Whole livers and both kic
11 weeks of age and allowed to acclimate for 1 week before the start of theys were immediately removed, weighed, and examined macroscopicall
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Longitudinal sections of the left and right median lobes of the liver, transe€ell types counted included primarily periosteal and Bowman'’s gland cells
tions of the left and right kidney, and a 2- to 3-mm section of the duodenuiine number of labeled cells, from growth plate to growth plate, was assesse
were dissected and fixed in 10% neutral buffered formalin (NBF) for 48 h amisually, and the distance in millimeters was determined. Estimates of cel
then stored in 70% ethanol until processing. regeneration were expressed as the number of labeled cells per millimeter
Immediately following removal of the liver and kidneys, the heads contairtarbinate, according to Larscet al. (1996).
ing the nasal cavity were prepared by removing the lower jaw, removing geatistics. For liver and kidney tissues, an arcsine transformation was
excess soft tissue, and then flushing the nasal cavity with 10% NBF via thejied to the LI data prior to statistical analysis to meet criteria for normality
trachea. Following at least 1 week fixation in 10% NBF, the head wagq homogeneity. A multiple comparisors € 0.01) test on organ weights
decalcified in 5% formic acid with ion exchange resin (ReX4@1(H), Fisher 5n4 || was used to compare the control group, which received no ABT
Scientific) and 6 transverse blocks cut and embedded in paraffin accordi”Q)F@treatment and 0 ppm chloroform, with the other 3 treatment groups for eac
Morgan (1991). mouse strain. To determine the effect of inhibitor pretreatment, analyses we!
Histopathology. Histological examinations were performed by light mi-performed using Student’s test = 0.01) between the two chloroform
croscopy on hematoxylin and eosin (H&E) stained sections of liver, kidnegxposure groups that received the same pretreatment. Following statistic
and nasal tract to document the relationships between strain, dose, taxialysis, the data were back-transformed and are reported on a percents
response, and proliferative response in mice exposed to chloroform vaporsseale.
4 days. H&E-stained sections were read by a pathologist, first with knowledge

of treatment group followed by blinded reading of slides.
RESULTS
Evaluation of regenerative cell proliferation. Immunohistochemical

staining for BrdU incorporation was performed on liver and duodenum, the Clinical ob fi d hist thol Clinical si ;
duodenum being used to confirm systemic delivery and staining of BrdU. inical observations and histopathologyt.linical signs o

These tissues were mounted on ProbeOn ®PIgtides (Fisher Scientific, tOXICity, such as lethargy and a roughened coat, were observe
Pittsburgh, PA) to ensure adhesion during processing. The immunohistochémB6C3F and Sv/129 wild-typeyp2et-/+) mice exposed
ical detection of BrdU-labeled cells has been previously described (Eldeidgetg 90 ppm chloroform without ABT pretreatment. One

al., 1990). Briefly, sections were incubated fbh atroom temperature with a Cyp2e11r/+ mouse that received 90 ppm chloroform and no
1:1500 dilution of an anti-BrdU monoclonal antibody (Caltag Laboratory,

South San Francisco, CA). After incubation with primary antibody, the slidé%BT was found r_nonbund foIIowmg the third qay of expo_sur_e
were incubated for 30 min at room temperature with a 1:200 dilution &Nd was euthanized. Upon necropsy and visual examinatio
biotinylated horse anti-mouse IgG (Vector Labs, Burlingame, CA). Slides wethis mouse had an accentuated hepatic lobular pattern, and t
then incubated for 30 min at room temperature with a strepavidin—alkalimneys had moderate diffuse pallor, both attributed to chloro

phosphatase complex (Zymed Laboratories, South San Francisco, CA), ﬂgﬂn exposure. No clinical signs of adverse health effect:

BrdU incorporation was visualized by a final incubation with the chromagen sociated with treatment were evident in mice from othe
Stable Fast Red (Research Genetics, Huntsville, AL), with surrounding tiss%% I Wi w Vi ! I

counterstained with hematoxylin. exposure groups, including the Sv/1€9p2einull mice that
The labeling index was determined microscopically by capturing imagggere exposed to 90 ppm chloroform. No significant change i

from histological sections stained for BrdU incorporation using the Imasc@gipdy weight was observed in any exposure group. Chloroforr

software (Imagraph, Chelmsford, MA). The Cytology/Histology Recognitiogyq,ced small treatment-related increases in relative liver an

Information System (CHRIS) software package (Sverdrup Medical/Life Sgi-. . .
ences Imaging Systems, Fort Walton Beach, FL) was used to assess regjﬂgney Welghts (Table 1)' ABT also induced small treatment

ative cell proliferation in the captured images. A minimum of 10 fields werkelated increases in relative liver weights (Table 1).
captured from the liver, which provided at least 1000 hepatocyte nuclei for Sections of liver, kidney, and nasal tissues revealed homc
analysis. In the kidney, a minimum of 15 fields were captured from the cortgieneity between animals within groups. Liver sections fron
and outer stripe of the outer medulla (OSOM), which provided a minimum §6C3F mice pretreated with saline and exposed to 90 ppn
2000 cell nuclei for analysis. These images were calibrated for labeled ceII?1| fl had d t trilobular t id 'h t ti
unlabeled cells, and cytoplasm and processed according ©OHRES User's Chiorotorm had mo _era e_c"j” riiobularto mi zqna epa O(_:y I
Guide. vacuolar degeneration similar to chloroform induced lesion:
or the liver and kidneys, the labeling index (LI, percentage of cells i ier i i i " ,C, .
For the i d kid he labeling index (LI f cells ireported earlier in this strain (Larsaet al., 1994b,c, 1996
S-phase) was calculated by dividing the number of hepatocyte nuclei tfehis degenerative lesion was absent in air-exposed contr
stained positive for BrdU incorporation by the total number of hepatocyggnimalS and in all animals pretreated with ABT. ABT treat-

nuclei counted, and the result was expressed as a percentage. In the liver ant alone was associated with minimal centrilobular hepatc
section of the left hepatic lobe was used to determine the hepatocyte |_|rg$ W ! wi ni liobu P

described in Larsoet al. (1994b). In the kidney, the LI was evaluated in theCYtiC hypertrophy and intracytoplasmic vacuolization.

cortex and OSOM, the two zones where chloroform-induced cytotoxicity Sv/129Cyp2elwild-type mice exposed to 90 ppm chloro-
occurs because of the presence of the proximal tubules. These two zones \igfen had marked centrilobular hepatocytic hydropic degener
counted as a single region with field areas counted diagonally across the col®Hn with necrosis. The lesions in this strain were more sever

and outer stripe according to Larsenal.(1994d). A section of duodenum was . . .
included with each tissue to confirm systemic delivery of BrdU to the tissuetg.'a‘n the hepatocytlc changes found in the B6CaRimals.

The region of interest to evaluate nasal periosteal cell proliferation was th&)iS lesion was not present in air-exposed control animals or i
proximal portion of the dorsal scroll and base of the first endoturbinatanimals pretreated with ABT and exposed to either air ol
adjacent to the lateral wall. This region was selected on the basis of histopfyloroform. The ABT treatment was associated with minimal

thology and qualitative assessment of cell replication sites selectedrinédle centrilobular hepatocytic hypertrophy and intracytoplasmic
al. (1994). Regenerative cell proliferation was quantified as a unit length

labeling index as follows. Proliferation in a 1.5- to 4-mm section of a regio}qacuc’“zat'on' Hepatic tissues from Sv/12§p2einull mice

bordered by the periosteum and the base of the epithelium was asse€9%R0S€d to 90 ppm chloroform had an identical histologica
starting at the margin of the growth plate and progressing toward the diaphysipearance to those from air-exposed controls.
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TABLE 1
Relative Liver and Kidney Weights for Chloroform Exposed Mice

Treatment group

Relative liver weight Relative kidney weight
Strain Pretreatment Chloroform (ppm) (% of body wt) (% of body wt)
B6C3K ABT? o° 6.4+ 0.3 1.5+ 0.0
B6C3F, ABT 90 6.6+ 0.5 1.5+x0.1
B6C3R Saline 0 5.4+ 0.1 1.6+ 0.1
B6C3KR Saline 90 6.9+ 0.6° 1.8+ 0.1°
Sv/129 wild type ABT 0 6.2 0.2 1.6+0.1
Sv/129 wild type ABT 90 6.3 0.3 1.6+0.1
Sv/129 wild type Saline 0 5.4 0.4 1.7x0.1
Sv/129 wild type Saline 20 6.6 0.4° 1.8+ 0.1
Sv/129Cyp2et-/— — 0 49+0.1 1.6+0.1
Sv/129Cyp2el-/— — 90 4.8+ 0.7 1.7+ 0.2

* ABT, 1-aminobenzotriazole, an irreversible cytochrome P450 inhibitor.

® Chloroform exposures were 6 h/day for 4 consecutive days.

°Values are meang SD (n = 5 mice with the exception of the Sv129 wild type ABT 0 ppm and saline 90 ppm, which nveret).
¢ Significantly lower than other respective groups using Dunnett’s multiple comparisong tesd.01).

¢ Significantly greater than respective control group, Studdrtest = 0.01).

Severe acute tubular coagulative necrosis, especially in the DISCUSSION
epithelium of proximal convoluted tubules, was noted in the
kidneys of both B6C3Fand Sv/129Cyp2elwild-type mice
exposed to 90 ppm chloroform. Affected tubules were lined

Exposure of male B6C3Fmice and male Sv/12@yp2el
B/vild—type mice to 90 ppm chloroform resulted in severe tox-
icity in the liver and kidney and minimal toxicity in the nasal

hyalmg eosinophilic cells W'.th pykno.tlc.an(_j missing nUCIe."assages. No histologic changes or increases in cell prolifer:
Occasional flattened basophilic cells indicative of regeneranﬁ

epithelium were found. No significant renal pathology waégn were observed in target tissues of the same strains
noted in Sv/129Cyp2etnull mice or mice pretreated with imilarly exposed mice given the general P450 inhibitor ABT,

. : confirming that metabolites of chloroform, and not the paren
ABT in chloroform or air exposed groups. 9 P

Nasal histopathologic changes were limited to chlorofor c_(_)mpou.nd, are respopsible for .its toxic effectg. Further, n
) ) rTI'Hlstologm changes or increases in cell proliferation were see
exposed 86031.:?“ $v/129C_yp2e1W|Id-ty_pe mice. These in target tissues of th€yp2etnull mice following chloroform
lesions were minimal in severity and consisted of submuco alation exposures identical to those that produced seve
edema and focal periosteal cell proliferation in the ventral al%

lateral regions of the ethmoid turbinates and adjacent na 5 hological lesions and significant regenerative cell prolifer
n in Cyp2elwild-type mice. Leeet al. (1996) previousl
wall as described in earlier studies (Larssiral.,1994d, 1996 In Lypse-wra-ype mi ( ) previously

. . : . ' confirmed the absence of hepatic Cyp2el protein and disru
Méry et al., 1994). No histopathologic lesions were present iBon of CYP2E1 mRNA inCyp2e1-/— mice. Those authors

Sv/129 Cyp2elnull mice or mice pretreated with ABT in 55, gemonstrated that P450s in the CYP1A, CYP2A, CYP2E
chloroform or air-exposed groups. CYP2C, and CYP3A subfamilies were expressed in the
Induced cell proliferation. B6C3FR and Sv/129Cyp2el Cyp2einull mice at similar levels to those found @yp2el
wild-type mice exposed to 90 ppm chloroform alone exhibitedild-type mice (Leeet al., 1996). Studies performed by Val-
significant hepatic and renal regenerative cell proliferaticantineet al. (1996) also demonstrated that Cyp2e1l protein wa:
(Figs. 1 and 2). No such regenerative cell proliferation wathsent in theCyp2einull mice and that no induction of
observed in the livers or kidneys of those mice that were firSlyp2el occurred in these mice following benzene exposur
administered ABT. Hepatic and renal cytotoxicity and induce@urther, exposures in the current study were for 4 consecutiv
regenerative cell proliferation were also absenCiyp2etnull days, and no induction of other P450 enzymes capable ¢
mice exposed to 90 ppm chloroform (Figs. 1 and 2). metabolizing chloroform were evident. Thus, the findings pre:

Periosteal cell proliferation was observed in the nasal pasented here indicate that metabolism is obligatory in chloro
sages of B6C3Fand Sv/12Cyp2elwild-type mice exposed form-induced hepatic, renal, and nasal toxicity and that Cyp2e
to 90 ppm chloroform but was not observed in animals givas the only enzyme responsible for this target tissue-relate
ABT or in Cyp2etnull mice (Fig. 3). metabolic conversion under these conditions of exposure.
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FIG. 1. Labeling indices in the livers of control and chloroform-exposed wild-type and SWZip2elnull mice. Treated mice were exposed to 90 ppm
chloroform for 6 h/day for 4 consecutive days. ABT mié) (vere pretreated with the P450 inhibitor ABT. No regenerative cell proliferation was seen in mic
pretreated with ABT or mice that lacked the enzyme Cyp2el.

The weight of evidence indicates that chloroform inducesctivation, are rate-limiting steps and become critical informa
cancer by a nongenotoxic-cytotoxic mode of action (Buttetion in mechanistically based quantitative risk assessment
worth et al., 1995). Tumor formation is driven secondary t&imply put, an individual would suffer symptoms of chloro-
events associated with cytolethality and regenerative cell pform toxicity long before such toxicity would lead to cancer.
liferation (International Programme on Chemical Safety, 1998jmilarly, target tissue rates of metabolism must be considere
International Life Sciences Institute, 1997; U.S. EPA, 1998h extrapolating from responses in rodents to predicted re
Therefore, pathways leading to toxicity, such as metabokponses in humans.
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FIG. 2. Labeling indices in the kidneys of control and chloroform-exposed wild-type and S@¢g9etnull mice. Treated mice were exposed to 90 ppm
chloroform for 6 h/day for 4 consecutive days. ABT mié8) (vere pretreated with the P450 inhibitor ABT. No regenerative cell proliferation was seen in mic
pretreated with ABT or mice that lacked the enzyme Cyp2el.
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FIG. 3. Labeling indices in the nasal turbinates of control and chloroform-exposed wild-type and &yf2681null mice. Treated mice were exposed to
90 ppm chloroform for 6 h/day for 4 consecutive days. ABT mi& Were pretreated with the P450 inhibitor ABT. No periosteal cell proliferation was see
in mice pretreated with ABT or mice that lacked the enzyme Cyp2el.
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