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Liver X receptor (LXR), farnesoid X receptor (FXR) and peroxisome

proliferator-activated receptor (PPAR) are adopted orphan nuclear receptors that

function as lipid sensors. These receptors respond to cellular lipid levels and

regulate the expression of target gene. Previously, it was demonstrated that low

doses of chiordecone (CD) pretreatment disturbed exogenous cholesterol

distribution and cellular lipid transport, storage and metabolism pathway.

The aim of this study was to determine whether low doses of CD affect

nuclear receptor (LXRa/FXR or PPARx)-mediated lipid homeostasis. Thus,

hepatic microsomal protein contents of cytochrome P450 7a (cyp7a, regulated by

LXRa/FXR), and P450 4a1 (cyp4al, regulated by PPARc) were determined in

male C57BL/6N mice, fed AIN76 or AIN93M diet, received CD (2.5, 5.0 or 15 mg

CD/kg body weight). Western blot analysis was used for protein measurements

using appropriate antibodies. Cyp7a and cyp4al protein levels were confirmed by

enzyme activities, cholesterol 7a-hydroxylase and lauric acid hydroxylase
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activities, respectively. Plasma total cholesterol and triglycerides, body and liver

weights were also measured in these dose-response experiments.

Plasma total cholesterol and triglycerides levels from animals fed AiN 93M

diet were significantly lower than those from animals fed AN 76 diet. However,

neither total plasma cholesterol nor triglycerides levels were changed in CD-treated

mice fed AN 76 or AN 93M diet. Cyp7a protein level or its enzyme activity was

not altered by CD treatment. Likewise, cyp4al protein level or its activity was not

affected by CD treatment.

In summary, the results of the present study do not support the hypothesis

that CD treatment alters nuclear receptor (LXRa/FXR or PPARa)-mediated lipid

homeostasis.



ALTERATION OF CHOLESTEROL DISPOSITION BY CHLORDECONE
IS NOT EXPLAINED BY INDUCTION OF Cyp7a OR Cyp4al

by
JungA Lee

A THESIS

Submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

Presented April 3, 2002
Commencement June 2002



Master of Science thesis of JungA Lee presented on April 3, 2002.

APPROVED:

Maj or Professor, representing Toxicology

Head of the Department of Environmental and Molecular Toxicology

Dean of thGraduate School

I understand that my thesis will become part of the permanent collection of Oregon
State University libraries. My signature below authorizes release of my thesis to
any reader upon request.

Lee, Author

Redacted for Privacy

Redacted for Privacy

Redacted for Privacy

Redacted for Privacy



ACKNOWLEDGEMENTS

The author expresses sincere appreciation to Professors Lawrence R. Curtis

and David B. Williams for their expertise and encouragement in completing this

research. I would like to thank my committee members, Dr. Nancy I. Kerkvliet, and

Dr. Jerry R. Heidel. In addition, I am thankful to Dr. George Bailey for allowing

me to use the HPLC in his laboratory.

Special thanks are due to Margaret Pratt for her friendship as well as her

patience and help while assisting me with HPLC analysis. I also thank to all my

peers (Sharon Krueger, Marilyn Henderson, Dustin Leibelt, Zhen Yu, Susan

Thomson) in Dr. Williams' lab for their help and friendship.

Very special thanks go to my parents, whose strong support made my

academic studies possible, and to my husband and my son, who love me and who

have been an encouragement to me in the completion of this degree.



TABLE OF CONTENT

Page

INTRODUCTION 1

MATERIALS AND METHODS 6

Chemicals 6

Experimental animals 6

Plasma lipids 7

Western blotting for protein levels 8

Cholesterol 7 a-hydroxylase activity 9

co, co-i Hydroxylation of lauric acid 10

Statistical analysis 11

RESULTS 12

Overt toxicity 12

Total plasma cholesterol levels 12

Plasma triglycerides levels 12

Cyp7a Protein and enzyme activity 17

Cyp4al Protein and enzyme activity 20

DISCUSSION 24

REFERENCES 29



LIST OF FIGURES

Figure ige

1. Effect of plasma total cholesterol level in CD-treated mice 15

2. Effect of plasma triglycerides level in CD- treated mice 16

3. Hepatic cyp7a protein level in liver micro somes 18

4. Cholesterol 7a-hydroxylase activity in liver micro somes 19

5. Hepatic cyp4al protein level in liver micro somes 21

6. o-Hydroxylation of lauric acid in liver microsomes 22

7. o- 1 Hydroxylation of lauric acid in liver microsomes 23



LIST OF TABLES

Table Page

1. Total body weight gained for control and CD treated by a single 13

gavage to C57BL/6N.

2. Liver-Somatic Index (liver to body weight ratio) for control and CD 14

treated by a single gavage to C57BL/6N.



ALTERATION OF CHOLESTEROL DISPOSITION BY
CHLORDECONE IS NOT EXPLAINED BY INDUCTION OF

Cyp7a OR Cyp4al

INTRODUCTION

Chiordecone (kepone: decachiorooctahydro- 1, 3, 4-metheno-2H-cyclobuta-

(c,d)-pentalen-2-one)(CD) is a polychiorinated hydrocarbon insecticide. It was first

synthesized in 1951 and marketed in 1958 to Central and South America for control

of banana root borer and tobacco wireworm (Mehendale, 1981). The toxicity of CD

has been well studied in man as well as in experimental animals (Guzelian, 1981;

Ishikawa et al., 1978; Mehendale, 1981), because occupational exposure in a

manufacturing facility was uncovered near Hopewell, VA, USA in 1975. CD was

banned in 1976 due to reported carcinogenicity, neurotoxicity, and adverse

reproductive effects inducing oligospermia, with abnormal and immobile sperm

predominating (Cannon et al., 1978; Cohn et al., 1978). However, it continues to be

of interest because of its environmental persistence and unusual biological

characteristics. CD is distributed preferentially to liver while most lipophilic

compounds are primarily deposited in adipose tissue (Morgan and Roan, 1977). CD

is also well known as a xenobiotic with estrogenic activity and has a long

biological half-life (Hammond et al., 1979; Johnson et al., 1990). The acute toxicity

of large doses of CD has been well characterized but the risk of chronic low dose
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effects or synergism with other chemicals is unclear. It is possible that very low

doses of CD could have significant adverse effects, or that combination with other

chemicals could cause a more adverse response since the interacting endocrine and

developmental systems are extremely complex and sensitive.

Pretreatment of C57BL/6N mice with a nontoxic dose of CD significantly

reduced disposition of a subsequently administered dose of [14C] cholesterol or

['4C] CD to liver (Carpenter and Curtis, 1991). Uptake of ['4C] cholesterol and

['4C] CD was significantly reduced in perfused livers from Sprague-Dawley rats

pretreated with low dose of CD. The rate of biliary excretion of [14C] cholesterol

and efflux of [14C] CD to perfusate was increased in these same preparations

(Gilroy et al., 1994). Morphology of hepatocellular lipid storage and secretory

structures indicated that CD treatment increased hepatocyte secretory activity in

C57BL/6N mice (Carpenter et al., 1996). In an experiment using rainbow trout

(Donohoe et al., 1998), CD pretreatment stimulated biliary excretion of polar

metabolites of a subsequent dose of [14C] CD. Taken together, this previous body

of work suggests that low doses of CD pretreatment disturbed exogenous

cholesterol distribution and cellular lipid transport, storage and metabolism

pathways. These responses were not due to a simple redistribution (Carpenter and

Curtis, 1989). Also, this phenomenon was not the result of the increased hepatic

microsomal xenobiotic-metabolizing enzyme activities, EROD (0-deethylation of

7-ethoxyresorufin), ECOD (0-deethylation of 7-ethoxycoumarin) or increased

amount of total cytochrome P450 isozymes (Carpenter and Curtis, 1991).
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Systematic study of the key regulatory factors might help to explain the unusual

modulation of cholesterol disposition by CD pretreatment.

Taken together, heart disease and stroke, the number-one killers in the

United States, are caused mainly by atherosclerosis that often involves lipid

transport aberration (Krieger, 1999). Cholesterol in particular plays an important

role in atherosclerosis. Cholesterol is a major structural element in all cells of the

body, mainly for formation of membranes. It is also the precursor for bile acid

synthesis in the liver, and steroid hormones in endocrine tissues (Krieger, 1999).

Liver is the primary organ which maintains whole body cholesterol homeostasis.

Cellular cholesterol levels are controlled by the biosynthesis of cholesterol, its

uptake from plasma, storage, and catabolism to bile acid. Cholesterol 7a-

hydroxylase (CYP7a) is the first and rate-controlling enzyme of the pathway

involved in the conversion of cholesterol to bile acid in the liver (Rusell and

Serchell, 1992). This is an important route to eliminate cholesterol from the body.

It has been shown that CYP7a gene expression is regulated by LXR (liver X

receptor) and FXR (farnesoid X receptor), nuclear receptors which function as

ligand activated transcription factors (Peet et al., 1998; Makishima et al., 1999;

Parks et al., 1999). These receptors bind specific response elements in 5' upstream

promoter regions of genes after hetero-dimerization with retinoid X receptor

(RXR). LXR responds to elevated sterol concentration and increases the production

of CYP7a that governs elimination of cholesterol to bile acid. LXRct null mice did

not increase cyp7a when fed a high cholesterol diet and accumulated cholesterol
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esters in the liver, because of an inability to stimulate the metabolic clearance of

cholesterol through the synthesis of bile acids (Peet et al., 1998). FXR is activated

by physiological concentrations of bile acids, among which chenodeoxycholic acid

(CDCA) is most potent, and represses the transcription of CYP7a (Makishima et

al., 1999). Therefore, these two receptors, as key regulators of cholesterol,

coordinate cholesterol homeostasis by regulating feed forward and feed back

pathways.

Peroxisome proliferator-activated receptors (PPARs) are also members of

the nuclear hormone receptors superfamily. They also heterodimerize with the

RXR prior to binding peroxisome proliferator-response elements (PPRBs) located

in the promoter regions of target genes. They regulate genes involved in lipid

homeostasis such as peroxisomal acyl-CoA oxidase (ACO) and P450

4A1(CYP4a1) (Cheema and Agellon, 2000). In a recent experiment, it was shown

that PPAR c modulates expression of CYP8B1 (sterol 12a-hydroxylase), a hepatic

microsomal enzyme involved in the biosynthesis of bile acids (Hunt et al., 2000).

Some work suggests that CYP7a1 is negatively regulated by the PPARa/RXRa

hetero-dimmer by inhibiting CYP7a1 reporter activity. When cotransfected with

the expression vectors for PPARa and RXR a, human and rat cholesterol 7a

hydroxylase gene/luciferase reporter activities were reduced by WY- 14,643

(Marrapodi and Chiang, 2000). Therefore, it appears that PPARa may play a role as

a regulator, not only in controlling lipid metabolism, but also in controlling

cholesterol metabolism.
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Based on this information, we hypothesized that CD alters nuclear receptor

(LXRcilFXR or PPARcL)-mediated lipid homeostasis. To test this hypothesis, we

examined responses of hepatic proteins (cyp7a and cyp4al) by western blotting,

and enzyme activities (cholesterol 7cL-hydroxylase and lauric acid hydroxylase

activities) by HPLC to low doses of CD in male C57 BL/6N mice. Plasma total

cholesterol and triglycerides, liver and body weights were also measured in these

dose-response experiments.



MATERIALS AND METHODS

Chemicals

Chlordecone (CD, 99 % purity) was purchased from Chem Service (West

Chester, PA). WY-14,643 was a generous gift from Professor Mark Leid (College

of Pharmacy, Oregon State University). American Radiolabeled Chemicals. Inc.

(St. Lousi, MO) was the source of [l-'4C] Lauric acid (55 tCi /jmol), and was

diluted with unlabeled lauric acid to a specific activity of 0.5 tCi /tmol.

Experimental animals

Male C57BL/6N mice, 6 to 7-weeks-old, were obtained from Simeonson

Laboratory (Gilroy, CA). The mice were randomly divided into six groups (six

animals per group); one group for control, three groups for CD (2.5, 5.0, or 15

mg/kg body weight) treatment, one group for WY-14,643 (50 mg/kg body weight)

treatment as an inducer of cyp4a and one group for cyp7a inducer (either 3 %

cholestylamine or 2 % cholesterol) treatment. The animals were maintained at room

temperature (22 ± 1°C) and on a daily cycle of 12 hr of light and 12 hr darkness.

The mice had free access to water and diet.

A1N 76 diet (sucrose 50 %, casein purified 20 %, cornstarch 15 %, aiphacel

5 %, MN Mineral Mix 3.5 %, MN 76A Vitamin Mix 1 %, DL-methionine 0.3 %,

choline bitartrate 0.2 %) in a first set of experiments and AIN 93M diet (cornstarch

46.6 %, casein 14 %, dextrinized cornstarch 15.5 %, sucrose 10 %, soybean oil 4
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%, alphacel 5 %, A]IN-93M-MX 3.5 %, AIN-93-VX 1 %, L-cystine 0.18 %, choline

bitartrate 0.25 %, tert-butyihydroquinone 0.0008 %) in a second set of experiments,

were used.

Treatments were initiated after seven days acclimation with normal diet

(A1N 76 or ATIN 93M). Chiordecone or WY-14,643 were dissolved in corn oil.

Mice, fed either AIN 76 or AIN93M, received CD (2.5, 5.0 or 15 mg/kg body

weight), WY-14,643 (50 mg/kg body weight) or corn oil alone by single gavage.

Mice received 3 % cholestylamine in AIN 76 diet or 2 % cholesterol in ATN 93M

diet, as an inducer of cyp7a, for 1 week.

Animals were killed by CO2 anesthesia exsanguinations and blood samples

were collected by cardiac punction in heparinized syringes. The procedures for

animal use were approved by the Oregon State University TACUC. Plasma samples

were obtained by centrifugation at 3000g for 25mm at 4 °C. Liver tissues were

excised and rapidly frozen in liquid nitrogen and stored at 80°C until microsomes

were prepared.

Plasma lipids

Plasma total cholesterol levels were measured with Cholesterol Reagent
R

from Sigma Diagnostic (St. Louis, MO). Triglycerides levels were measured with

hifinity Triglycerides Reagent R from Sigma Diagnostics (St. Louis, MO).



Western blotting for protein levels

Liver tissues were homogenized in a buffer (0.01 M potassium phosphate,

pH 7.5; 0.15 M KC1; 1.0 mM EDTA; 1.0mM BHT (butylated hydroxy-toluene);

0.1 mM PMSF (phenylmethylsulfonyl fluoride)) with a polytron PT 3000

(Brinkmarm). Microsomes were prepared by centrifugation of the homogenate at

9000g for 30 mm. The pellet was discarded and the supernatant was centrifuged at

100,000 g for 90 mm with Ti 70 rotor. This yielded the microsomal pellet. Protein

concentrations were determined by the Lowry assay (Lowly et al., 1951) with

bovine serum albumin as standard.

Micro somal proteins were separated on an acrylamide gel (8 % or 10 %) by

SDS-PAGE (Laemmli, 1970) and transferred to nitrocellulose (Towbin et al., 1979)

utilizing a semi-dry transfer cell (Bio-rad). Microsomal cyp7a was determined

using a rabbit anti-rat cholesterol 7 a-hydroxylase antibody (a generous gift from

Professor John Y. L. Chiang, Northwestern Ohio University), horseradish

peroxidase conjugated goat anti-rabbit IgG as the secondary antibody and 3 %

cholestylamine treated liver microsome as positive control. Hepatic cyp4al protein

level was detected utilizing goat anti-rat serum as the primary antibody, rabbit anti-

goat IgG as the secondary antibody and WY-14,643 treated liver microsome as

positive control. The proteins were visualized by enhanced chemiluminescence

(ECL) detection (Amersham, Piscataway, NJ). Quantification of the intensity of the

protein bands was performed with NIH-image software.



Cholesterol 7a-hydroxylase activity

Cholesterol 7a-hydroxylase activity was analyzed using an HPLC assay

(Chiang et al, 1990). Samples were analyzed with a HPLC (Waters 2690) and a

reverse phase C18 HPLC column (4.6 nmi x 25cm, 5 ultrasphere, Beckman). In

the assay of microsomal cholesterol 7a-hydroxylase, reaction products after the

enzymatic conversion of 7a-hydroxylase-cholesterol to 7 u-hydroxy-4-cholesten-3-

one (7 a-HCO) by cholesterol oxidase (Sigma, St. Louis, MO) were detected by a

UV spectrophotometer, because the ketone moiety in HCO allows the detection of

low levels of metabolites, (Chiang, 1991). Hepatic microsomes (0.5 mg) in 0.5 ml

of buffer mixture (0.1 M potassium phosphate pH 7.4; 50 mM NaF; 5 mM DTT; 1

mM EDTA) were preincubated at 37° C for 5 mm. Ten p1 of cholesterol in acetone

(5 mM) was then added. Reactions were initiated with 1 mlvi NADPH and

incubated for 30 mm at 37 °C and then terminated by the addition of 15 tl of 20 %

sodium cholate. Twenty a-Hydroxycholesterol (0.5 pjg) was then added as internal

recovery standard. Two units of cholesterol oxidase in 10 mM potassium phosphate

buffer, pH 7.4, containing 1 mM DTT and 20 % glycerol were added and the

mixture was incubated for 10 mm at 37 °C. Reactions were stopped by adding 1 ml

of ethanol and then extracted in 5 ml of petroleum ether at 37 °C. Extracts were

evaporated to dryness under N2, dissolved in 100 p.1 of acetonitrile/methanol

(70:30). Fifty p.1 of sample was injected onto the HPLC column. To elute parent

compound, the flow rate was increased to 2.0 ml/min. The eluent was monitored at

240 nm and the product was quantified in nanomoles using a calibration curve and
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recovery corrected with the internal standard. For the calibration curve for 7a-

hydroxycholesterol, varying amounts (0.02 0.5 rimol) of 7 a-hydroxycholesterol

were directly injected into the column and monitored at 214 nm. The peak areas of

the sterol were plotted against the amounts injected.

0)-i Hydroxylation of lauric acid

Siliconized tubes were used to prevent absorption of the fatty acids to the

tubes and to maximize recovery of the substrates and metabolites. [1 -'4C] Laurate

hydroxylation was measured by HPLC using slight modifications of the procedure

described by Williams et al. (1984). Samples were analyzed with a (HPLC Waters

2690) and a Ultrasphere Cl 8 column (0.46 x 25 cm, 5 tm, ultrasphere, Beckman),

using 100 % methanol and water containing 0.2% acetic acid as mobile phase, a

flow rate of 1 mi/mm and detection by Flo-One TR505 radioactivity flow monitor.

The reaction consisted of 0.1 ml of 50 mM Tris-HC1, pH 7.4, containing 200 tM

[1-14C] lauric acid (sodium salt), 0.25 mg of microsomal protein, and 2 mM

NADPH. Microsomes, buffer, and substrate were incubated for 5 mm at 37 °C

before initiating the reaction by adding NADPH. After 30 mill incubation with

shaking at 37 °C, the reaction was terminated with 10 tl of 10 % sulfuric acid.

After stopping the reaction, 80 l subsampies were removed and mixed with the

same volume of 62 % aqueous methanol containing 0.2 % acetic acid. To remove

the protein, samples were centrifuged at 9000 g for 5 mm. A portion of supernatant

was injected onto the column directly without extracting with ethyl acetate. To
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elute o- and w- 1 hydroxylaurate, the initial mobile phase concentration was 62 %

methanol containing 0.2% acetic acid and then to elute parent compound, increased

to 100 % methanol.

Statistical analysis

The data were expressed as means ± SD. Comparisons between groups were

submitted to a one-, two-way analysis of variance (ANOVA). In all analyses, p <

0.05 was considered significant.



RESULTS

Overt toxicity

12

Control and mice treated with CD (2.5, 5.0, and 15 mg/kg bodyweight)

showed similar body weight gain in two experiments with different diets (Table 1).

There was no significant effect of CD treatment on liver-to-body weight ratio

calculated as liver somatic index (LSI)(Table 2).

Total plasma cholesterol levels

Plasma total cholesterol levels in mice fed AIN 76 that received CD (2.5,

5.0, 15 mg/kg) were 122.3 ± 9.9, 105.6 ± 9.6, and 91.2 ± 28.3 mg/dl, respectively

(Fig. 1). Plasma total cholesterol levels in mice fed a low fat diet (AIN 93M) were

84.43 ± 8.6, 89.41 ± 12.7, and 84.9 ± 12.6 mg/dl, respectively (Fig. 1). Plasma total

cholesterol levels were significantly lower in the A1N93M-treated mice than the

corresponding values found in the A1N76-treated mice. But, the levels were not

altered by CD (two-way ANOVA).

Plasma triglycerides levels

Plasma triglycerides levels were not altered by CD in mice fed either diet

(Fig. 2). Plasma triglycerides levels by CD treatment (2.5, 5.0, 15 mg/kg) were

104.2 ± 6.1, 97.7 ± 15.1, and 104.7 ± 18.7 mg/dl, respectively, in mice fed A1N 76
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Table 1. Total body weight gained for control and CD treated by a
single gavage to C57 BL/6N mice.

Weight Gain
*

Diet

Treatment
A1N76 AIN93M

Control 3.68± 1.21 4.40± 1.26

2.5 mg/kg 4.31 ± 0.72 4.17 ± 0.64

5.0mg/kg 3.64±1.19 4.96±0.75

15.0 mg/kg 4.60 ± 2.25 4.09 ± 1.08

* Values are expressed in mean weight gain (mg) ± SD for at five or six
animals.
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Table 2. Liver Somatic Index for control and CD treated by a single
gavage to C57BL!6N mice.

L S I (%)
*

Diet

Treatment
A1N76 ATh493M

Control 5.56 ± 0.41 6.06 ± 0.74

2.5mg/kg 5.20±0.31 5.34±0.34

5.0mg/kg 5.38±0.49 5.50±0.48

15.0 mg/kg 5.23 ± 0.63 5.67 ± 0.53

* Values are expressed in mean liver to body weight ratio (%) ± SD for
five or six animals.
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Figure 1. Effect of plasma total cholesterol level in mice with control and
CD (2.5, 5.0, 15 mg/kg) treated. Values are expressed in mean plasma total
cholesterol level ± SD. N= five or six animals. Plasma total cholesterol levels
were significantly higher in the A1N76-fed mice than the corresponding values
found in the AIN93M-fed mice (two-way ANOVA). * p< 0.05.
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Triglyceride Levels
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Fig 2. Effect of plasma triglycerides levels in mice with control and CD
(2.5, 5.0, 15 mg/kg) treated mice. Values are expressed in mean plasma
triglycerides level ± SD. N= five of six animals. Plasma triglycerides levels
were significantly higher in the A1N76-fed mice than the corresponding values
found in the AIN93M-fed mice (two-way ANOVA). *p < 0.05
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diet. The corresponding values of AIN93M-treated mice were 84.7 ± 8.9, 90.3

± 14.4, and 86.2 ± 15.5 mg/dl, respectively. Likewise, plasma triglycerides levels

were significantly lower in the AIN93M-treated mice than the corresponding

values found in the A1N76-treated mice (Two-way ANOVA).

CYP7a Protein and enzyme activity

Western blots were prepared with microsomes obtained from the liver of

control and CD-treated mice. In the control and CD treated mouse livers, the major

band recognized by the cyp7a antibody was a 53 kDa protein (Fig. 3). The changes

in intensity of the cyp7a bands after CD treatment were quantitated and compared

with the intensities of the controls. The mean intensities of cyp7a were 107, 74, or

65 % from 2.5, 5.0, 15 mg/kg CD-treated animal, respectively, over control.

CD treated mice exhibited no significant reduction in hepatic cholesterol

7a-hydroxylase activities (85, 87 or 88 % for 2.5, 5.0, 15 mg/kg CD, respectively,

of control value)(Fig.4). Hepatic cholesterol 7c-hydroxylase activities in liver

microsomes were measured after the enzymatic conversion of 7a-hydroxy-

cholesterol to 7 a-hydroxy-4-cholesten-3-one (7a-HCO). CD treatment did not

result in a statistically significant change in either CYP7a protein content or its

enzyme activity when compared with control (one-way ANOVA).
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Fig 3. Hepatic cyp7a protein level in liver microsomes.
Hepatic cyp7al protein level following CD (2.5, 5.0, 15 mg/kg bodyweight) or
corn oil treated mice was measured by western blotting analysis. Thirty .tg of
protein from each microsome was electrophoresed through 8% SDS-poly
acrylamide gel, transferred to a nitrocellulose blot and analyzed with rabbit
anti-rat cholesterol 7 a-hydroxylase antibody. The proteins were visualized by
enhanced chemiluminescence (ECL) detection. The blot is representative of
the expression of cyp7a proteins in five or six samples per treatment group
(AIN 76diet). Values are means ± SD.
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Cholesterol 7-alpha hydroxylase activity
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Fig 4. Cholesterol 7cc-hydroxylase activity in liver microsomes.
Cholesterol 7a-hydroxylase activities in liver microsomes following CD (2.5,
5.0, 15 mg/kg bodyweight) or corn oil treated mice were determined by HPLC.
Microsomes from 2 % cholesterol (AIN 93M diet) treated mice were used as a
positive control. Values are means ± SD. N=3. *p<005
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CYP4a1 Protein and enzyme activity

In the control and CD treated mouse livers, the major band recognized by

the cyp4al antibody was a 51 kDa protein (Fig. 5). Likewise, the changes in

intensity of the cyp4al band after CD treatment were quantified and compared with

the intensity of the control. The mean intensity of cyp4al in liver microsomes

treated with CD was 0.8, 1.3 or 1.4-fold for 2.5, 5.0, or 15 mg/kg, respectively.

Lauric acid o-hydroxylation (cyp4al enzyme functional activity) by CD treatment

was not significantly different from control value. The pattern in the level of

cyp4al specific enzyme activity in the livers of CD treated mice was consistent

with the pattern of cyp4al-imrnunoreactive protein. Laurie acid o-1 hydroxylation

activities by CD treatment (2.5, 5.0, 15mg/kg) were 0.75, 1.0, 1.26-fold,

respectively, over control (Fig. 7). CD treatment did not result in a statistically

significant change in either cyp4al protein content or its enzyme activity when

compared with control (one-way ANOVA).
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Fig 5. Hepatic cyp4al protein levels.
Hepatic cyp4al protein contents following CD (2.5, 5.0, 15 mg/kg
bodyweight) or corn oil treated mice were measured by western blotting
analysis. Thirty g of protein from each microsome was electrophoresed
through 10% SDS-polyacrylamide gel, transferred to a nitrocellulose blot and
analyzed with goat rabbit anti-rat serum as a primary antibody. The proteins
were visualized by enhanced chemiluminescence (ECL) detection. The blots
are representative of the expression of cyp4al proteins in five or six samples
per treatment group (AIN93M). Values are means ± SD. * p <0.05.



22

w-Hydroxylation of lauric acid
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Fig 6. o-Hydroxylation of lauric acid in liver microsomes.
w-Hydroxylation of laurie acid (cyp4al activity) in liver microsomes following
a CD (2.5, 5.0, 15 mg/kg bodyweight) or corn oil treated mice fed AIN 93M
diet was determined by HPLC. WY-14,643 (50 mg/kg body weight by gavage)
treated mice were used as a positive control.
Values are means. N=2. * p < 0.05.
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w-1 hydroxylation of Lauric acid
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Fig 7. w-1 Hydroxylation of laurie acid in liver microsomes.
-1 Hydroxylation of laurie acid in liver microsomes following a CD (2.5, 5.0,

15 mg/kg bodyweight) or corn oil treated mice fed AIN 93M diet was
determined by HPLC. Values are means. N=2
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DISCUSSION

There was no evidence of CD-induced behavioral toxicity such as

trembling. There was no evidence of overt toxicity. Total body weight gain after

CD (2.5, 5.0, or 15 mg/kg body weight) treatment by single gavage was measured

(Table 1). Gross hepatic response to low doses of CD was measured by liver to

body weight ratio (%) calculated as liver somatic index (LSI)(Table 2). Consistent

with previous results (Carpenter and Curtis, 1991, Donohoe et al., 1998), low doses

of CD treated animals showed no significant effect on LSI or total body weight

gain (Table 1, 2).

A decrease in total cholesterol or triglycerides levels in plasma of

laboratory animals treated with organochlorine pesticides has been reported

(Ishikawa et al., 1978). To determine whether low doses of CD affect cholesterol

and triglycerides levels in blood, plasma total cholesterol and triglycerides levels

were measured using a standard laboratory diagnostic reagent. Plasma total

cholesterol level was unchanged in CD-treated mice fed AN 76 diet or AN 93M

diet (Fig. 1). These results were consistent with previous work demonstrating that

CD pretreatment (15 mg/kg) did not alter plasma total cholesterol in male Sprague

Dawley rats (Gilroy et al., 1991). Statistical analysis showed that plasma total

cholesterol levels from animals fed AN 93M diet were significantly lower than

those from animals fed AN 76 diet (two-way ANOVA)(Fig. 1).
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About 50 % decrease in serum triglycerides after CD (40 mg/kg) in male

Sprague Dawley rats has been previously documented (Ishikawa et al., 1978).

Plasma triglycerides were not altered by CD in mice fed either diet in this study

(Fig. 2). Likewise, plasma triglycerides were significantly lower in the AIN93M-

fed mice than the conesponding values found in the A1N76-fed mice (Two-way

ANOVA). High amount of sucrose in diets can cause not only increasing hepatic

lipid level but also increasing serum triglycerides (Bacon et al., 1984, Medinsky et

al., 1982). Cornstarch substitution for sucrose can reverse these effects (Hamm,

1988). Therefore, this phenomenon may be explained by the composition of the

diet in that the AJN 76 diet is high in sucrose compared to AIN 93M. The ratio of

sucrose to cornstarch was 3.3, 0.16 for A1N 76 and MN 93M, respectively.

Pretreatment of animals with nontoxic doses of CD was reported to lower

the disposition of subsequently administered doses of [14CJ cholesterol to liver

(Carpenter and Curtis, 1991) and to increase of the rate of biliary excretion of

subsequent doses of ['4C] cholesterol in rats (Gilroy et al., 1994). The important

roles of nuclear receptors FXR and the LXR in regulation of bile acid metabolism

have been demonstrated recently (Makishima et al., 1999, Parks et al., 1999).

Because conversion of cholesterol to bile acid is the principal pathway of

cholesterol catabolism, alteration of cholesterol 7a-hydroxylase, the rate-limiting

enzyme in this pathway, contributes to perturbation of cholesterol homeostasis. To

test whether this change conesponds with a change in cholesterol 7 a-hydroxylase,

the rate-limiting enzyme (regulated by LXR!FXR) of the pathway involved in the



conversion of cholesterol to bile acid in the liver, cyp7a protein and its activity in

the liver microsomes from CD-treated mice were measured. Mean hepatic cyp7a

was decreased slightly in dose-dependent maimer but the change of cyp7a intensity

was not statistically significant (Fig. 3).

It has been indicated that post-transcription events in regulation of

cholesterol 7 cx-hydroxylase activity are important. A 6-fold increase in this enzyme

activity was occurred with only a 34 % increase in immunoreactive CYP7a protein

after interruption of bile salt enterohepatic in the rat (Shefer et al., 1991). Hepatic

cholesterol 7cx-hydroxylase activities in liver microsomes were then measured using

HPLC. The results of this study revealed no discemable reduction in hepatic

cholesterol 7a-hydroxylase activity (Fig. 4). These experiments demonstrate that

the altered cholesterol disposition and increased biliary excretion of subsequent

dose of cholesterol by low doses of CD pretreatment are not explained by increased

cyp7a protein level or its activity.

CD treatment has been previously shown to increase the number of

peroxisome-like structures and decrease the number of lipid droplets in cytoplasmic

reticulum. Moreover, amounts of several hepatic unsaturated fatty acids were

increased (Carpenter et al., 1996). Taken together, it was suggested that CD might

change hepatocellular lipid transport, storage, and metabolism (Carpenter et al.,

1996). Peroxisomes are found in most cells and perform diverse metabolic

functions such as 3-oxidation of fatty acids and cholesterol metabolism (Lock et al.,

1989). Peroxisome proliferator-activated receptors (PPAIRs) are activated by
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unsaturated fatty acid. It was suggested that peroxisome proliferator-activated

receptor (PPARi) may play a role as a regulator not only in controlling lipid

metabolism but also in controlling cholesterol metabolism (Hunt et al., 2000). To

test whether this change corresponds with a change in the enzyme (regulated by

PPARa) involved in lipid homeostasis in the liver, P450 4A1(cyp4al) protein level

and its activity in liver microsomes was measured. Cyp4al protein was increased

slightly but this change was not striking. Lauric acid u- and (U)-l)-hydroxylase

acitivities were then measured in liver microsomes. Only the CYP4a enzyme

catalyzes o- hydroxylation of lauric acid whereas (io-l)-hydroxylation is dependent

on CYP 1A1,CYP1A2, CYP2A1 and CYP2E1 (Williams et aL, 1984). It appeared

that laurie acid w-hydroxylation activities in liver microsomes from mice following

CD treatment were not significantly different from control values (Fig 6). Likewise

laurie acid (w-1)-hydroxylation activity following CD treatment was not changed

(Fig. 7). Stimulated hepatocyte secretory activity by low doses of CD pretreatment

(Carpenter et al., 1996) is not explained by increased cyp4al protein level or its

activity in these experiments.

Even though most uses of persistent organochlorine (OC) pesticides were

banned they continue to occur in tissues of humans and wildlife. Trophic transfer

through food webs that provide dietary fish, meat and dairy product is the principal

route of environmental exposure to these agents.

Cholesterol is an important constituent of cell membranes and needed for

synthesis of bile salts essential for digesting dietary fats and steroid hormones. But,



cholesterol is not solely beneficial to the cell. When present in excessive amounts,

it can cause heart attacks and stroke by atherosclerosis (Krieger, 1999). Therefore,

cellular cholesterol levels are precisely controlled by biosynthesis of cholesterol, its

uptake from plasma and catabolism to bile acid (Brown and Goldstein, 1999).

Perturbation of cholesterol homeostasis by CD may be act as an

environmentally relevant mode of endocrine disruption because the interacting

endocrine and developmental systems are extremely complex and sensitive.

Therefore, it is necessary to continue these studies to explain altered cholesterol

and lipid homeostasis by CD.

In summary, the results of the present study do not support the hypothesis

that CD treatment alters nuclear receptor (LXRa /FXR or PPARa)-mediated lipid

homeostasis.
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