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Abstract
Organochlorine (OC) insecticides continue to occur in tissues of humans and wildlife throughout
the world although they were banned in the United States a few decades ago. Low doses of the OC
insecticide chlordecone (CD) alter hepatic disposition of lipophilic xenobiotics and perturb lipid
homeostasis in rainbow trout, mice and rats. CD pretreatment altered tissue and hepatic subcellular
distribution of exogenous [14C]cholesterol (CH) equivalents 4 and 16 h after a bolus
intraperitoneal (ip) injection of 5 ml corn oil/kg that contained 10 mg CH/kg. CD pretreatment
altered tissue distribution of exogenously administered [14C]CH by decreased hepatic and renal
accumulation, and increased biliary excretion up to 300%. Biliary excretion of polar [14C]CH
metabolites was not altered by CD. CD pretreatment decreased subcellular distribution of [14C]CH
equivalents in hepatic cytosol and microsomes and lipoprotein-rich fraction-to-homogenate ratio.
CD pretreatment increased the ratio of [14C]CH equivalents in high density lipoprotein (HDL) to
that in plasma and reduced [14C]CH equivalents in the non-HDL fraction 4 h after a bolus lipid
dose. CD pretreatment increased plasma non-HDL total CH by 80% 4 h after a bolus lipid dose.
Scavenger receptor class B type I (SR-BI) and ATPbinding cassette transporter G8 (ABCG8)
proteins were quantified by western blotting in hepatic membranes from control and CD treated
mice. Liver membrane contents of SR-BI and ABCG8 proteins were unchanged by CD
pretreatment. The data demonstrated that a single dose of CD altered CH homeostasis and
lipoprotein metabolism.
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INTRODUCTION
Organochlorines (OC) are a major group of persistent organic pollutants including
chlorinated dioxins and furans, polychlorinated biphenyls (PCBs), and the OC insecticides.
Despite bans on most uses of OCs in the United States and Europe, they continue to occur in
tissues of humans and wildlife throughout the world (Bocquene and Franco 2005; Luellen et
al. 2006). Because they are highly lipophilic and generally very resistant to degradation,
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trophic transfer though food webs is the principle route of environmental exposure to these
agents. Modes of action for OC insecticides are distinct from that prototypical for
chlorinated dioxins and planar PCB congeners in that they exhibit negligible affinity for the
aryl hydrocarbon receptor (Poland and Knutson, 1982). As is typical for OC insecticides,
neurotoxicity is a prominent mode of action for CD: it is unusual in that there is extensive
epidemiologic documentation of a major human poisoning following poor manufacturing
and disposal practices (reviewed by Guzelian, 1982). Prominent weight loss despite normal
appetite is a common sign of occupational CD poisoning in humans (10 of 23 cases).

The OC insecticides dieldrin and chlordecone (CD) alter hepatic disposition of lipophilic
xenobiotics and perturb lipid homeostasis in rainbow trout, mice and rats (Barnhill et al.,
2003; Carpenter and Curtis 1989, 1991; Carpenter et al. 1996; Donohoe et al. 1998; Gilroy
et al. 1994). These effects of OC insecticides occur at liver concentrations in the 175 parts
per million (ppm) range. Single, doses of CD and dieldrin decrease plasma triglycerides and
total cholesterol (CH) in rats 21 and 60 days after administration, respectively (Ishikawa et
al. 1978). A single dose of 5 mg CD/kg to C57BL/6 mice also significantly alters tissue
distribution of exogenous [14C]CD or [14C]CH, decreasing hepatic disposition and
increasing distribution to other tissues (Carpenter and Curtis 1991).

CH is an important constituent of cell membranes and a precursor of steroid hormones and
bile acids (Chen and Raymond 2006; Tabas 2002). However accumulation of excess CH
contributes to several diseases especially heart attacks and stroke by promoting
atherosclerosis (Krieger 1999). CH metabolism is regulated by plasma lipoprotein-mediated
extracellular CH transport, the sterol regulatory element binding protein (SREBP) system
involved CH synthesis (Brown and Goldstein 1997), nuclear receptor-mediated CH
catabolism to bile acids (Peet et al. 1998), and plasma membrane transporter-mediated
excretion into bile (Yu et al. 2002).

Transport kinetic studies indicated that the rate of uptake of high density lipoprotein (HDL)-
bound [14C]CD or [14C]CH was significantly lower in perfused livers from Sprague-Dawley
rats pretreated with a single dose of 15 mg/kg CD (Gilroy et al. 1994). Gilory et al. (1994)
reported a significantly increased rate of efflux of HDL-bound [14C]CD to perfusate and
cumulative biliary excretion of HDL-bound 14C]CH in these same preparations. Plasma
HDL transfers CH from peripheral tissue to the liver for biliary excretion by the reverse CH
transport pathway (Fielding and Fielding 1995). Therefore HDL is an important source of
CH for secretion into the bile in rodents (Fielding and Fielding 1995; Lee and Parks 2005).
Plasma low-density lipoproteins (LDL) and very low-density lipoproteins (VLDL) deliver
CH to peripheral tissues such as adipose. In contrast to other OC insecticides, such as
dieldrin and DDT in which tissue distribution is proportional to tissue lipid contents
(Lindstrom et al. 1974), CD distributes preferentially to the liver in both humans (Cohn et
al. 1978) and rodents (Egle et al. 1978). Dieldrin and DDT are primarily associated with
LDL and VLDL (Mick et al. 1971). CD binds preferentially with albumin and HDL in vitro,
consistent with in vivo studies of human, rat, and pig plasma (Soine et al. 1984a; Soine et al.
1982) and this may account for its predominant distribution to the liver. These previous
works indicate that a change in hepatic uptake of HDL-complexed CH is important in
alteration of lipid homeostasis by CD. Low doses of CD pretreatment may modulate
membrane proteins which transport CH thereby disturbing the distribution of the exogenous
CH to liver and increasing delivery of CH into bile.

Scavenger receptor class B type I (SR-BI), best known as a physiological HDL receptor,
mediates selective uptake of both cholesterol esters and other lipids from HDL (Hobbs and
Rader 1999; Krieger 1999). SR-BI deficiency reduces the rate of the clearance of HDL-CH
from plasma (Out et al. 2004). ATP-binding cassette (ABC) transporter G5 (ABCG5) and
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G8 (ABCG8) are members of the G family of ABC transporters. Co-expression of G5 and
G8 which are obligate heterodimers promotes transport of CH from hepatocytes to bile and
probably from enterocytes into the intestinal lumen (Yu et al. 2005; Yu et al. 2002).

The present studies examined the effect of CD pretreatment on the tissue distribution of
exogenous [14C]CH 4 and 16 h after intraperitoneal (ip) injection of 5 ml corn oil/kg that
contained 10 mg CH/kg. Hepatic subcellular distribution of [14C]CH was also determined.
Blood plasma, hepatic and biliary total CH were examined in control and CD pretreated
mice. This investigation determined whether the reduced disposition of [14C]CH to liver was
associated with decreased SR-BI protein, SRBI was analyzed by immunoblotting with
hepatic membranes from CD treated mice (15 mg/kg) or controls. Immunoblot analysis for
ABCG8 was conducted with hepatic membranes from CD treated mice (15 mg/kg) or
controls to determine whether the stimulation of biliary CH efflux by CD was coupled to the
increased CH efflux pump (ABCG5/ABCG8).

Our results demonstrated that CD pretreatment altered plasma, tissue and hepatic subcellular
distribution of exogenously administered [14C]CH. CD pretreatment also altered the amount
of total CH in blood plasma and gallbladder. The reduced hepatic [14C]CH equivalents and
increased biliary [14C]CH equivalents were not associated with altered hepatic membrane
SR-BI or ABCG8 contents.

MATERIALS AND METHODS
Chemicals

CD (99 % purity) was purchased from Chem Service (West Chester, PA) and purity was
confirmed by GC-EI/MS. [4-14C]CH (55 mCi/mmol) was obtained from American
Radiolabeled Chemicals. Inc. (St. Louis, MO). Solvable tissue solubilizer and Hionicfluor
scintillation cocktail were purchased from PerkinElmer (Boston, MA). All other chemicals
and general reagents were purchased from Sigma (St. Louis, MO).

Treatment of mice
The CD and lipid bolus including [14C]CH doses and times of sampling were based on
previous doseresponse and timecourse experiments (Carpenter and Curtis, 1989; 1991).
Male C57BL/6 mice, 6 to 7-weeksold, were obtained from Simenson Laboratory (Gilroy,
CA). The mice were randomly divided into three groups; control, 5 mg or 15 mg CD/kg
body weight treatment. The animals were housed in a temperature controlled room (22 ±
1°C) with a daily cycle of 12 h of light and 12 h darkness and fed ad libitum with AIN93
diet (Dyets, Inc., Bethlehem, PA) with a free access to water. Treatments were initiated after
seven days acclimatization.

[14C]Cholesterol tissue distribution experiments
CD was dissolved in corn oil. Mice received CD (5 or 15 mg/kg body weight) or corn oil
alone by intraperitoneal injection (ip, 5 ml/kg body weight). After 3 days, a bolus lipid dose
of corn oil (5 ml/kg) containing [14C]CH was administered (10 mg CH/kg body 14 weight,
ip). [14 C]CH injected mice were housed individually and allowed free access to water. After
4 or 16 h animals were killed by CO2 anesthesia and exsanguination. Blood samples and
tissues (liver, kidneys, gallbladder, adrenal gland and adipose tissue) were removed and
prepared as required for each analysis. The procedures for animal use were approved by the
Oregon State University Institutional Animal Care and Use Committee (IACUC).
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Quantification of radioactivity in tissues, blood and hepatic subcellular fractions
Blood was collected by cardiac puncture in heparinized syringes. Plasma was isolated by
centrifugation at 3,000g for 25 min at 4°C. The HDL fraction was separated after
apolipoprotein-B containing lipoproteins were precipitated with dextran sulfate and
magnesium (Rachem, San Diego, CA). Kidneys, fat, and adrenal glands were homogenized
in homogenization buffer (0.01 M potassium phosphate, pH 7.5; 0.15 M KCl; 1.0 mM
EDTA; 0.1 mM BHT (butylated hydroxytoluene); 0.1 mM PMSF (phenylmethylsulfonyl
fluoride)) with a Dounce homogenizer. Liver was homogenized in homogenization buffer
with a polytron PT 3000 (Brinkmann Instruments, Westbury, NY). Liver homogenate was
centrifuged at 1200 g for 30 min. The pellet was cell debris. The supernatant was
centrifuged at 9,000 g for 20 min to prepare mitochondria. The supernatant was again
centrifuged at 100,000 g for 90 min at 4°C with Ti 70 rotor. The remaining supernatant and
pellet were cytosolic and microsomal fractions, respectively. Subsamples of each tissue
homogenate and each of hepatic subcellular fraction (cell debris, mitochondria, cytosol and
microsomes) were solubilized with Solvable (PerkinElpmer, Boston, MA) at 50 to 60°C for
1.5 – 2 h and decolorized by adding 30% hydrogen peroxide. Plasma and HDL fraction were
analyzed by liquid scintillation counting (LSC) without further treatment. Ten ml of
HionicFluor (PerkinElmer, Boston, MA) liquid scintillation cocktail was added. After decay
of chemiluminescnce liquid scintillation counting was conducted using a Beckman LS7500
liquid scintillation counter. Protein concentration was determined by BCA assay (Pierce
Biotechnology, Inc. Rockford, IL).

Gallbladders plus bile from mice killed 4 hr after lipid bolus injections were digested,
decolorized, and analyzed by LSC for total [14C]CH equivalents as described above. Lipid
and polar fractions of gallbladders plus bile from mice killed 16 hr after [14C]CH injections
were separated by liquid-liquid extraction. Neutral steroids were extracted with slight
modifications of the method described by Miettinen et al (1965). A 2.9 ml volume of basic
(1.5 N KOH) ethanol/water (2:1) was added to each gallbladder plus bile sample which was
heated at 70°C for 30 min. One ml of water was added to cooled samples which were then
extracted with 2 ml of hexame. The hexane layer was removed and dried under a nitrogen
stream. The residue was resuspended in 1 ml 2-propanol that contained 10% Triton X-100.
Duplicate 0.1 ml samples of the ethanol/water phase (polar metabolites) and the hexane
residues containing neutral steroids were analyzed by LSC.

Plasma lipid analyses
Total plasma CH concentrations were measured enzymatically by using 2 ul of plasma and
200 ul of CH reagent from Sigma Diagnostic (St. Louis, MO). HDL-CH concentration was
measured after apolipoprotein-B containing particles precipitation with dextran sulfate and
magnesium (Rachem, San Diego, CA). NonHDL-CH concentrations were taken as the
difference between the two.

Western blot analysis
Liver crude membrane fractions were prepared as described (Voshol et al. 2001) from
control or 15 mg CD/kg treated animals. Proteins were separated on Tris/glycine gels (Bio-
Rad, Richmond, CA) under reducing conditions. Following gel electrophoresis at 100 V for
2 h, proteins were electrophoretically transferred onto PVDF membranes utilizing a Mini
trans-blot transfer cell (Bio-Rad, Richmond, CA). Membranes were then blotted with rabbit
anti-SR-BI (Abcam, Cambridge, MA) and probed with horseradish peroxidase conjugated
goat anti-rabbit IgG. Membranes were also blotted with mice anti-ABCG8 (a generous gift
from Professor Helen H. Hobbs, Univ. of Texas Southwestern Medical Center) and then
probed with horseradish peroxidase conjugated rat anti-mouse IgG as the secondary
antibody (Bio-Rad, Richmond, CA). The proteins were detected after development with
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enhanced chemiluminescence (ECL) detection (Amersham, Piscataway, NJ). Quantification
of the intensity of the protein bands was performed with NIH-image software.

Biliary lipid analyses
Total CH was determined in the hexame extracts of bile treated with basic ethanol/water for
30 min at 70°C (detailed above). Duplicate subsamples in 2-propanol that contained 10%
Triton X-100 were assayed with a Cholesterol Quantitation KitR BioVision, Mt. View, CA).

Statistical Methods
Statistical analyses were conducted with StatGraphics software (StatPoint, Herndon, VA).
Normality of data sets were assessed with standardized kurtosis, standardized skewness, and
homogeneity of variance. Data that failed one or more test for normality were log base 10
transformed. Transformed data were assessed for normality with the criteria specified above.
Data were expressed as means ± SE. Comparisons among groups validated for normality
were submitted to a one-way analysis of variance (ANOVA). For comparison between two
groups, Student’s t-test with equal-variance was applied. In all analyses, a 95% confidential
level was used as the criterion for significance. For outlier identification, Grubbs’ Test
(assumes normality) was applied.

RESULTS
The mean body weights of the control, 5, and 15 mg/kg CD pretreated mice at 4 or 16 h after
10 mg [14C]CH/kg in 5 ml corn oil/kg (ip bolus lipid) were similar as were the liver weights
(Table 1––1). No significant differences in gallbladder weights between control and CD
pretreated mice were observed (Table 1). However, 16 h following ip bolus lipid dose,
gallbladder weights were significantly smaller (~9 to 10 mg) than those at 4 h following ip
bolus lipid dose (~15 to 17 mg) (Table 1).

Plasma [14C]CH equivalents were approximately 3-fold higher at 16 h than at 4 h after the ip
bolus lipid dose (p < 0.05, Fig. 1A, 1B), although plasma total CH concentration at 16 h was
not different from that at 4 h after the ip bolus lipid (Fig. 1C, 1D). Plasma [14C]CH
equivalents from CD (5 or 15 mg CD/kg) pretreated mice significantly decreased 4 h
following the bolus lipid dose (31 %, p < 0.05)(Fig. 1A). CD pretreatment (5 or 15 mg CD/
kg) significantly decreased [14C]CH equivalents in the non-HDL fraction compared with
controls (45%, p < 0.05)(Fig. 1A). On the contrary, CD pretreatment increased total CH in
non-HDL fraction 4 h following ip bolus lipid (about 1.8fold, p < 0.05)(Fig. 1C). At 16 h
after the ip bolus lipid, neither [14C]CH equivalents nor total CH concentrations in plasma
were altered by CD pretreatment (Fig. 1B, 1D). No significant differences in the [14C]CH
equivalents and total CH in the either HDL or non-HDL fractions were observed 16 h
following ip bolus lipid (Fig. 1B, 1D). Although the [14C]CH equivalents in the HDL
fraction were unchanged, the ratio of [14C]CH equivalents in HDL fraction to that in plasma
was mildly but statistically significantly increased by CD pretreatment 4 h after ip bolus
lipid in a dose-dependent manner (Fig. 2A).

SR-BI was analyzed by immunoblotting with hepatic membranes from CD treated mice (15
mg/kg) or controls. Liver membrane contents of SRBI protein in CD-treated mice were not
different from control animals (Fig. 2B).

Consistent with previous results, CD decreased [14C]CH equivalents distribution to the liver
at 16 h after the bolus lipid dose (43 %, p < 0.05)(Fig. 3A). Altered [14C]CH disposition in
the liver of CD pretreated mice was further characterized in hepatic subcellular fractions
(homogenate, lipoprotein-rich fraction, cytosol, microsomes, mitochondria and cell debris/
nuclei). At 4 h after the bolus lipid dose, [14C]CH equivalents significantly decreased about
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50 % in the microsomal fraction from CD (15 mg/kg) pretreated mice compared to control
animals (10.1 ± 1.3 vs 5.9 ± 0.4 pmol/mg protein, p < 0.05). At 16 h after ip bolus lipid,
[14C]CH equivalents significantly decreased about 30 % in hepatic cytosolic fraction from
CD (15 mg/kg) pretreated mice compared to control animals ( 5.7 ± 0.4 vs 4.0 ± 0.3 pmol/
mg protein, p < 0.05). To assess the hepatic compartmental re-distribution of 14C]CH,
[14C]CH equivalents from each hepatic fraction were normalized with [14C]CH equivalents
in homogenate. The ratios of [14C]CH lipoprotein-rich fraction-to-homogenate were lower
at 16 h than at 4 h after the ip bolus lipid in both control and CD pretreated mice.
Interestingly, 15 mg CD/kg pretreatment significantly reduced [14C]CH equivalents
lipoprotein-rich fraction-to-homogenate ratio 16 h after ip bolus lipid, compared with
control (about 50%, p < 0.05)(Fig. 3B). A trend for decreased [14C]CH in lipoprotein-rich
and microsomal fraction-to-homogenate ratios at 4 and cytosolic fraction-to-homogenate
ratios at 16 h after the ip bolus lipid in CD pretreated animals was observed (Fig. 3B).

CD pretreatment increased [14C]CH equivalents of gallbladder 4 and 16 h after the ip bolus
lipid dose, in a dosedependent manner (Fig. 4A). A statistically significant 300% increase
total [14C]CH equivalents was observed 4 h after the tracer in 15 mg CD/kg pretreated
animals (p < 0.05). A trend for increased [14C]CH equivalents in the neutral steroid fraction
from gallbladders at 16 h after the ip bolus lipid in 15 mg CD/kg pretreated animals was
observed (p < 0.056, Fig. 4A). Polar metabolites constituted 5.6-10.7% of total biliary
[14C]CH equivalents at 16 hr after lipid bolus and there were no significant differences
between treatment groups. The absolute polar biliary [14C]CH equivalents for control, 5 and
15 mg CD/kg pretreatments were 1.6, 1.7 and 0.9 nmol/g. CD pretreatment increased total
CH concentration in gallbladder 16 h after lipid bolus compared with control (Fig. 4B).
Immunoblot analysis for ABCG8 was conducted with hepatic membrane from CD treated
mice (15 mg/kg) or controls. Liver membrane content of ABCG8 protein was unchanged by
CD treatment (Fig. 4C). Statistically significant reductions of [14C]CH distribution to the
kidney (48 %, p < 0.05) was observed in 15 mg CD/kg pretreated animals (data not shown).
No significant change was observed in other tissues (data not shown).

DISCUSSION
The present results demonstrate that pretreatment with a single, dose of CD alters plasma
(Figs. 1, 2), tissue and hepatic subcellular distribution of exogenously administered [14C]CH
(Figs. 3, 4). There were a number of limitations in interpretation of plasma [14C]CH
equivalents for explanation of CD-altered disposition of the exogenous lipid bolus. Total
plasma [14C]CH equivalents included material: (1) newly absorbed from the peritoneal
cavity associated with chylomicrons; (2) subjected to intraplasmic exchange between
lipoprotein classes; and (3) secreted from the liver as nascent HDL or as VLDL. Nonetheless
comparisons of data for plasma [14C]CH equivalents and plasma total CH in fractions
treated with dextran sulfate and magnesium demonstrated CD-dependent differences (Fig.
1A, 1C). CD pretreatment decreased plasma non-HDL [14C]CH and increased plasma total
non-HDL-CH 4 h after the ip lipid bolus dose (Fig. 1A, 1C). There were at least two
mutually nonexclusive explanations. (1) CD delayed [14C]CH incorporation into non-HDL
plasma lipoproteins, perhaps into hepatic VLDL synthesized for secretion. Exogenous CH
occurred in a hepatic pool distinct from that synthesized in the liver (Oram and Vaughan
2006). Consistent with this, in control mice 4 h after the ip bolus lipid dose about 50 % of
plasma [14C]CH equivalents were in the non-HDL fraction, while about 17 % of plasma
total CH appeared in this fraction. (2) CD perhaps increased clearance of non-HDL-
[14C]CH. Stimulated plasma clearance of non-HDL-[14C]CH seemed unlikely since total
non-HDL-CH was elevated in CD pretreated mice 4 h after the bolus lipid (Fig. 1C). Plasma
non-HDL-[14C]CH equivalents in CD pretreated mice were lower than controls 4 but not 16
h after the bolus lipid dose (Figs. 3A, 3B). This indicated that CD altered a CH exchange
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pathway or pool that delayed [14C]CH incorporation into nonHDL lipoproteins. At 16 h
after ip lipid bolus dose [14C]CH appeared integrated into the total plasma CH pool (Fig.
1B). In fact, it appeared preferentially retained or secreted in the non-HDL pool since 32 to
35% of [14C]CH equivalents were in that fraction compared 18 to 20% of total CH at 16 h.
Elevated total plasma non-HDL CH in CD pretreated mice 4 h after the ip lipid bolus (fig.
1C) was of specific interest. This reflected approximately doubled “bad CH” associated with
promotion of atherosclerosis (Krieger, 1999). Plasma HDL contained 80–90% of total
plasma CH in control mice (fig. 1C, 1D), typical for this species. Since non-HDL
lipoproteins predominate in humans, the shift in plasma CH distribution after lipid bolus in
CD pretreated mice was not directly applicable to human risk assessment. However, the
results suggested work in animals with lipoprotein profiles similar to humans was warranted.

Hepatic [14C]CH equivalents were not different between control and CD pretreated mice at
4 h after ip lipid bolus dose. CD exhibited specific binding affinity with albumin and HDL
and was preferentially accumulated in the liver (Soine et al. 1982). Gilroy et al. (1994)
suggested a competitive interaction between CH and CD by the observation of decreased
uptake of HDL-bound [14C]CH in the CD treated perfused rat liver. CD was an agonist for
the human pregnane × receptor (PXR) in a reporter gene assay and this was supported by
CYP3A protein induction in mouse liver by CD (Lee et al., unpublished data). PXR agonists
but not a selective constitutive androstane receptor agonist increased expression of the
apoA-I gene in mice (Bachmann et al. 2004), the principal component of HDL. Sporstol et
al. (2005) reported the down regulation of SR-BI by a PXR agonist in vitro. The HDL
receptor SR-BI plays critical roles in the uptake of plasma CH by the liver. Therefore,
hepatic SR-BI protein content was determined, this assessed whether hepatic uptake of
HDL-CH was important in alteration of plasma CH by CD. SR-BI content in hepatic plasma
membrane was not changed by CD treatment (Fig. 2B). Even though SR-BI was a
physiological HDL receptor, it exhibited binding affinity for HDL, LDL, and VLDL (Acton
et al. 1996; Calvo et al. 1998). Over expression of SRBI in the liver increased the clearance
of LDL and VLDL (Wang et al. 1998). More non-spherical and heterogeneous HDL
particles were observed in plasma from CD treated animals compared with controls (Lee et
al., unpublished data). Therefore it was possible that CD binding to HDL particles perturbed
the SR-BI mediated selective cholesterol ester uptake from HDL while clearance of LDL
and VLDL was not affected. However it seemed unlikely since total non-HDL-CH was
elevated in CD pretreated mice 4 h after the bolus lipid (Fig. 1C). Lower lipoprotein-rich
fraction-to-liver homogenate [14C]CH equivalents ratios in 15 mg CD/kg pretreated mice
were consistent with suppression of incorporation of exogenous CH into lipoprotein
complexes (Fig. 2–3B). Markedly reduced [14C]CH lipoprotein-rich fraction-to-homogenate
ratio from 4 to 16 h after the bolus lipid dose in both control and CD pretreated mice
suggested the secretory phase peaked before 16 h (Fig. 3B). Elevation in plasma non-HDL-
total CH at 4 h compared to 16 h after the lipid dose (Figs. 3C, 3D) in CD pretreated mice
supported this interpretation.

Gallbladder bile of mice pretreated with 15 mg CD/kg contained 3-fold more [14C]CH
equivalents than controls 4 h after the ip lipid bolus. A trend for this persisted after 16 h but
was not statistically significant. Since gallbladder weight was lower at 16 than 4 h after the
lipid bolus (Table 1) leakage or ejection of bile probably occurred more extensively before
the later than the earlier sampling time. This likely reduced accuracy of gallbladder bile
[14C]CH equivalents for estimation of biliary secretion at 16 compared to 4 h after the ip
lipid bolus. Polar [14C]CH equivalents in gallbladder bile 16 hr after ip lipid bolus were
unchanged (Results). This indicated CD stimulated biliary CH excretion itself, not CH
metabolism to bile salts or other polar metabolites. Biliary CH secretion is one of the major
pathways to eliminate excess CH from body. Heterodimers of ABCG5 and ABCG8 regulate
and the whole-body retention of plant sterols and promote hepatobiliary secretion of CH
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(Kosters et al. 2006; Yu et al. 2002). CH feeding upregulates expression of ABCG5/ABCG8
coordinately through activation of LXR (liver X receptor) although the binding sites of LXR
to these genes have not been mapped (Repa et al. 2002). The mRNA level of ABCG5/
ABCG8 was higher in the liver of mice lacking LXRα/LXRβ (Repa et al. 2002). CD
moderately inhibited LXRα activation and strongly suppressed LXRβ activation in a
reporter gene assay (Lee et al., unpublished data). We hypothesized that increased basal
activity of ABCG5/ABCG8 by CD stimulated biliary CH excretion. Hepatic membrane
ABCG8 protein contents were not different between controls and 15 mg CD/kg treatment
(Fig. 2–4C). CD pretreatment increased not only [14C]CH equivalents but also total CH in
gallbladder 4 and 16 h after the ip lipid bolus dose, respectively. This indicated that the lipid
bolus dose affected biliary CH secretion in CD pretreated mice compared with controls.
Gallbladder bile total CH was not increased in CD pretreated mice compared to controls in
animals that received no ip lipid bolus dose (Lee et al., unpublished data). Therefore it was
possible that CD pretreatment and ip bolus lipid dose somehow synergistically stimulated an
ABCG5/8-dependent or ABCG5/8-independent pathway of biliary CH secretion. Another
possible explanation was SRBII mediated stimulation of biliary CH excretion. SR-BII is an
alternatively spliced form of SR-BI. SR-BII is expressed intracellulary and suggested to
mediate the rapid internalization of HDL for biliary excretion (Eckhardt et al. 2004).
Although HDL was an important source of CH for biliary excretion in rodents, HDL-CH
was the preferred substrate for bile acid synthesis. CH is secreted into bile after arrival at the
canalicular membrane. An endocytic/retroendocytic pathway of HDL has been suggested to
play a important role for the delivery of CH to the apical membrane for release into the bile
(Wustner et al. 2004). In addition to membrane transporter, cytoplasmic proteins such as
liver fatty acid-binding protein and sterol carrier protein 2 were suggested to play a role in
the intracellular transport and biliary CH secretion (Kosters et al. 2005). Essentially all CD
existed in pig liver cytosol in a protein-bound form (Soine et al. 1982). [14C]CH equivalents
significantly decreased in the hepatic microsomal (~ 50 %) and cytosolic (~30%) fractions
from CD pretreated mice compared to control animals. Sonie et al. (1982) suggested that CD
and CH shared a common transport pathway in liver cytosol and CD interacted with CH
transport and metabolism since isolated-CD binding proteins bind both CD and CH (Soine et
al. 1984b). Decreased hepatic disposition of [14C]CH equivalents in the microsomal fraction
suggested that binding of CD to cytosolic proteins perhaps not only inhibited CH transport
to microsomes but also modulated biliary CH secretion. However, a definitive explanation
for increased biliary CH excretion in CD pretreated mice remains elusive.

Chronic exposures of humans and wildlife via tophic transfer through food webs is the most
widestpread pathway of exposure to persistent organic pollutants, including OC insecticides.
Residues occur as complex mixtures (Lordo et al, 1996) and direct extrapolation of results
after ip administration to a single compound is tenuous. There is value in illucidation of
potential modes of action, however. The ip route of exposure in mice yielded a hepatic CD
concentration quite similar to that in rats after dietary exposure. Ten mg CD/kg ip in mice
yielded 75 ppm in liver 3 days after dosing (Carpenter and Curtis, 1989). Livers of rats fed a
diet that contained 10 pm CD for 15 days accumulated 52 ppm CD (Curtis and Mehendale,
1981). To the extent that liver OC concentration mediates pathophysiological changes, ip
administration provides a convenient alternative to longterm feeding studies.

In summary, CD pretreatment altered the plasma, tissue and hepatic subcellular disposition
of subsequently administered [14C]CH. Plasma non-HDL CH almost doubled 4 h after a
bolus lipid dose without a significant change in HDL total CH. Our data demonstrated that
SR-BI and ABCG8 protein contents in hepatic plasma membranes were unchanged by CD
treatment indicating that mechanisms other than SR-BI or ABCG8 may be involved in
modulating CD induced CH homeostasis and lipoprotein metabolism.
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Figure 1. [14C]CH equivalents and total CH concentration in plasma of vehicle control and CD
pretreated mice that received a challenge dose of [14C]CH
Male C57BL16 mice were pretreated with corn oil, 5, or 15 mg CD/kg. [14C]CH (10 mg/kg
in 5 ml/kg corn oil) was administered 3 days following pretreatment. Determinations were
performed 4 and 16 h after ip administration of [14C]CH. [14C]CH equivalents of plasma
and HDL were determined as described under “Material and methods”. Plasma total CH and
HDLCH was determined enzymatically as described under “Material and Methods”. Non-
HDL-CH content was taken as the difference between the total plasma CH and HDL-CH. A.
[14C]CH equivalents of plasma 4 h after ip lipid bolus. B. [14C]CH equivalents of plasma 16
h after ip lipid bolus. C. Plasma total CH 4 h after ip lipid bolus. D. Plasma total CH 16 h
after ip lipid bolus. Values are expressed mean ± SE(n=6 or 7). *Significantly different from
the 4 h (p < 0.05).
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Figure 2. The ratio of [14C]CH equivalents in HDL to that in plasma and hepatic SRBI contents
Treatments were as described in Figure 1. A. The ratio of [14C]CH equivalents in HDL to
that in plasma. Values are expressed as mean ± SE. B. Hepatic SRBI contents. Corn oil or
15 mg CD/kg was treated to C57BL/6 mice. Hepatic plasma membrane fractions were
prepared from animals (6 mice in each group) as described under “material and methods”.
Hepatic SR-BI content was measured by western blotting with SRBI antibody. There were
6–7 mice in each group.* Indicates a statistically significant difference (p < 0.05) when
compared with control.
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Figure 3. Hepatic disposition of [14C]CH equivalents of vehicle control and CD pretreated mice
that received a challenge dose of [14C]CH
Treatments were as described in Figure 1. A. Hepatic [14C]CH equivalents 4 and 16 h after
ip bolus lipid of [14C]CH. B. Hepatic subcellular fraction to homogenate ratios. Hepatic
subcellular fractions were prepared and analyzed from animals (6 mice in each group) as
described under “material and methods”. Data are normalized by the amount of [14C]CH
equivalents per mg protein in the liver homogenate. Values are expressed as mean ± SE.
There were 6–7 mice in each group.*Indicates a statistically significant difference (p < 0.05)
when compared with control. Indicates a statistically difference (p< 0.1) when compared
with control.
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Figure 4. [14C]CH equivalents and total cholesterol concentration in gallbladder and hepatic
ABCG8 content
Treatments were as described in Figure 1. A. Biliary [14C]CH equivalents 4 and 16 h after ip
administration of [14C]CH. B. Biliary total CH concentrations were determined 16 h after ip
administration of [14C]CH using an enzymatic method. C. Hepatic ABCG8 contents.
Hepatic plasma membrane fractions were prepared from animals (6 mice in each group) as
described under “material and methods”. Hepatic ABCG8 level was measured by western
blotting with ABCG8 antibody. Values are expressed as mean ± SE. There were 6–7 mice in
each group.* The asteric indicates a statistically significant difference (p < 0.05) when
compared with control. +Indicates a statistically difference (p< 0.1) when compared with
control.
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