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Abstract

Fenofibrate belongs to hypolipidemic fibrates that act as activators of the peroxisome proliferator-
activated receptor-a, a regulator of bile acid synthesis, metabolism and transport. The present
study aimed at evaluating the effects of fenofibrate on the circulating bile acid profile in humans.
Hundred healthy men and women completed a 3-week intervention with fenofibrate, and 17 bile
acid species were measured in serum samples drawn before and after fenofibrate treatment.
Fenofibrate caused significant reductions in levels of chenodeoxycholic (-26.4%),
ursodeoxycholic (-30.5%), lithocholic (—18.4%), deoxycholic (-22.3%) and hyodeoxycholic
(-19.2%) acids. A gender-related difference was observed in the response of various bile acids
and the total bile acid concentration was significantly reduced only in men (-18.6%), while
remaining almost unchanged in women (+0.36%). This difference detected suggests that
fenofibrate should be more efficient at reducing bile acid toxicity in men than in women in
cholestatic liver diseases.
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INTRODUCTION

Bile acids are natural detergents involved in cholesterol homeostasis. These acids are formed
from cholesterol in the liver and their synthesis represents an important pathway for
cholesterol elimination from the body (1). The bile acid biosynthetic pathway requires a
number of enzymatic modifications of the cholesterol backbone, followed by p-oxidation of
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the cholesterol side chain (1). In humans, the bile acid concentration is mainly represented
by the primary cholic (CA) and chenodeoxycholic acids (CDCA) (reviewed in Monte et al.
(2)). These acids are conjugated with taurine and glycine to form amidated detergents. After
their delivery into the intestine, primary bile acids are subjected to dehydroxylation achieved
by the bacterial 7a-dehydroxylase from the gastrointestinal tract. This reaction converts
CDCA and CA into the secondary lithocholic (LCA) and deoxycholic (DCA) acids, which
are highly hydrophobic. About 95% of bile acids are absorbed in the intestine and return to
the liver through the portal vein. Bile acids reabsorbed in the intestine can then be further
modified back in the liver (2). These modifications involve reconjugation with taurine and
glycine, or the conversion of CDCA and LCA to the 6a-hydroxylated acids hyocholic
(HCA) and hyodeoxycholic acids (HDCA), respectively (3, 4).

Beyond their major physiological roles in cholesterol homeostasis, their detergent properties
render bile acids cytotoxic at high concentrations (5). Alteration in bile acid synthesis,
biliary transport and/or metabolism can cause their accumulation in liver cells, thereby
leading to oxidative stress, apoptosis and subsequent damage to the liver parenchyma (2).
Such features are characteristic of cholestatic phenomena, where a reduction of the bile flow
impairs bile acid elimination from hepatocytes (6). Such an accumulation of toxic acids is
particularly characteristic of chronic cholestatic liver diseases such as primary biliary
cirrhosis (PBC) or primary sclerosing cholangitis (PSC), two autoimmune inflammatory
diseases (2). Thus, a reduction in bile acid hepatic levels is an important goal of anti-
cholestatic strategies (7).

Fenofibrate belongs to the fibrate group of hypolipidemic agents used for the treatment of
hypertriglyceridemia and combined hyperlipidemia (8). These compounds activate the
peroxisome proliferator-activated receptor-a (PPARa), a member of the nuclear receptor
superfamily. Upon ligand activation, PPARa binds as a heterodimer with the retinoid X
receptor (RXR) to a peroxisome proliferator response element (PPRE) located in the
promoter region of target genes. PPARa regulates the expression of various genes crucial
for triglyceride/cholesterol metabolism and gluconeogenesis (9).

Fibrates exert beneficial effects on liver biochemistry in PBC patients (10-14). These
benefits have been primarily associated to the lipoprotein-lowering and antiinflammatory
properties of PPARa activators (10, 14). However, PPARa is also an important regulator of
genes encoding bile acid-synthesizing and -metabolizing enzymes, such as the cytochrome
P450s (CYP)7A1, CYP8BL1 and CYP27, UDPglucuronosyltransferase 2B4 (UGT2B4) and
sulfotransferase 2A1 (SULT2A1) (6, 8, 15, 16). Various PPAR« activators also modulate
hepatic and/or intestinal transporters involved in bile acid uptake and/or excretion, such as
the Na*-taurocholate cotransporting polypeptide (NTCP, SLC10A1), the organic anion-
transporting polypeptide 1B (OATP1B, SLCO1B1), the bile salt export pump (BSEP,
ABCB11), the apical sodium-dependent bile acid transporter (ASBT, SLC10A2) and the
organic solute transporters-a and - B (OSTa/B) (reviewed in (17)). Overall, these
observations suggest that pharmacological activators of PPAR« such as fenofibrate may also
modulate bile acid homeostasis in humans. Therefore, the present study aimed at testing this
hypothesis by examining the profile of circulating bile acids in pre- and post-treatment sera
from 200 non-cholestatic volunteers treated with fenofibrate for 3 weeks.
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Analytical method

The liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) method
allowed the simultaneous determination of 17 bile acid species in a single serum sample.
The analytical run required only 15 min (Figure 1A), and the lower limit of detection varied
from 2.2 (LCA-S) to 8.0 nM (TCDCA) (Figure 1B).

Baseline profile of serum bile acids

The baseline composition of bile acids is illustrated in Table 3. The serum bile acids mainly
consisted of conjugated and unconjugated primary acids (62%), while secondary acid
species were only half as abundant (30%) and the 6a-hydroxylated acids HDCA and HCA,
together represented only 2.3% of total bile acids. Unconjugated bile acids (1009.1 + 74.3
nM) and glycine conjugates (1238.1 + 84.4 nM) represented 40 and 49% of the species,
respectively. Taurine-conjugated acids (266.7 + 25.7 nM) were less abundant (10%). When
considering each species, the serum bile acid composition was:
GCDCA>>DCA>GDCA=CDCA>GCA=CA>UDCA=TCA. All other species were present
at concentrations < 100 nM (Table 2).

Changes in bile acid levels after fenofibrate treatment

Treatment with fenofibrate resulted in significant reductions in the serum concentration of
CDCA (-26.4%, p<0.001), UDCA (—30.4%, p<0.001), LCA (-18.4%, p<0.001), GLCA
(=7.8%, p<0.05), LCA-S (-23.1%, p<0.01), DCA (-22.3%, p<0.001), TDCA (-27.6%,
p<0.01) and HDCA (—19.2%, p<0.001), whereas TUDCA (+50.5%, p<0.001) and HCA
(+33.5%, p<0.001) levels were significantly increased and other species were not
significantly altered (Table 2). Since 6 out of the 10 affected bile acids were unconjugated,
the total of free acids was also significantly reduced (-21.4%, Table 2). Furthermore, the
—22.3% reduction in DCA concentration (from 393.0 to 305.6 nM, p<0.001) entailed both a
reduction in the total (conjugated and unconjugated) level of this species (i.e. DCA+TDCA
+GDCA: -14.4%, p<0.001) and total secondary acids (unconjugated and conjugated forms
of LCA and DCA: -13.9%, p<0.001, Table 2).

Gender differences in baseline and fenofibrate profiles of serum bile acids

Comparison of the baseline bile acid profiles in men and women revealed a series of gender
differences (Table 3). Indeed, sera from women contained significantly less of the primary
acids CDCA (p<0.01) and CA (p<0.01), and of the 6a-hydroxylated acid, HCA (p<0.01).
Furthermore, the total levels of CA (p<0.05), primary (p<0.05) and unconjugated acids
(p<0.05) were also significantly lower in women.

When changes after fenofibrate were analyzed separately in men and women, significant
differences were also observed in the bile acid profile (Figures 2—4). The total bile acid
concentration was significantly reduced in men (-18.6%, p<0.01), while remaining almost
unchanged in women (+0.36%) (Figure 2A). The effects of fenofibrate on total bile acid
concentration were indeed significantly stronger in male than in female (p<0.05). However,
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the statistical significance of this difference was reduced when the response to treatment was
adjusted for body mass index (BMI; p=0.051) and body weight (p=0.151).

Due to statistically non-significant changes in TCA levels (-41.7% in men and +63.3% in
women, Figure 3A), the total of taurine conjugates showed a genderdependent variation with
a —23.2% reduction in men and a +52.2% increase in women (Figure 2B). However, the
reduction in men failed to reach statistical significance. TLCA was not significantly changed
in either sex, while TUDCA and TDCA concentrations were increased in both genders, but
reached statistical significance only in sera from women (Figures 3B&C).

As shown in Figure 2C, the level of total glycine conjugates was not significantly affected
by fenofibrate in either men and women. This situation reflected the absence of significant
changes for GCDCA and GDCA levels in samples from both man and woman volunteers
(Figure 3D&E). Nevertheless, GLCA was significantly reduced in men, while GCA levels
were significantly increased only in samples from women (Figure 3E&F).

The unique gender-associated difference observed for unconjugated species specifically
affected CA levels, which were significantly reduced in men (-28.4%, p<0.05) while being
not significantly increased (+22.2%) in women (Figure 4A). With the notable exception of
serum HCA, which was significantly more abundant in treated individuals of both sexes,
other unconjugated species (i.e. CDCA, UDCA, LCA, DCA and HDCA) were reduced in
both sexes (Figure 4). Likewise, serum levels of LCA-S were also reduced in men and
women, but the reduction reached statistical significance only in women (Figure 4B).

Overall, these observations reveal the presence of gender differences in both circulating
levels of bile acids and in individual responses to fenofibrate.

DISCUSSION

This study provides the first comprehensive analysis of the effects of fenofibrate on the
circulating bile acid profile. This investigation was enabled by the development and
implementation of a novel protocol for the simultaneous analysis of 17 bile acid species in a
single serum sample. This approach was efficient at quantifying low levels of serum bile
acids, and exhibited limits of detection comparable to those obtained with other recently
reported methods (18-20). Furthermore, the concentrations of the various species detected in
baseline samples were remarkably similar to those reported in healthy populations, as was
the relative abundance of each acid (18, 19, 21). Baseline levels of almost all bile acid
species tended to be greater in men than in women, and even CDCA, CA and HCA
concentrations reached higher levels in samples from males. The reason why concentrations
in men are higher than in women cannot be ascertained from the present study but might be
related to the larger body weight of men, which could result in a higher bile acid
concentration. The primary purpose of the current study was to examine how fenofibrate
affects circulating bile acid levels. As illustrated in table 2, many bile acid species (such as
CDCA, UDCA, LCA, GLCA, LCA-S, DCA, GDCA and HDCA) underwent significant
reductions in concentrations. These reductions are in keeping with the total cholesterol-
lowering effect of fenofibrate (9, 22). Indeed, since bile acids are synthesized from
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cholesterol, a reduction of in the precursor concentration would be expected to lead to a
decrease in total bile acid synthesis. However, in addition to a decrease in cholesterol levels,
most of the present observations are also in agreement with the regulatory effects that fibrate
drugs exert on bile acid synthesizing and metabolizing enzymes. These drugs activate the
PPARa nuclear receptor which, in turn, reduces expression of the human CYP7A1 and
rodent CYP27 enzymes, two proteins critical for bile acid biosynthesis (6). In parallel,
PPARa activators also stimulate hepatic expression of bile acid-metabolizing enzymes such
as UGT2B4 (15). Such effects are consistent with the reduction of circulating levels of bile
acids such as CDCA, a primary acid that reflects CYP7A1 activity, and HDCA, which is
efficiently metabolized by UGT2B4 (15, 23). By contrast, the reduction in LCA-S levels
was unexpected based on the previously reported, PPARa-dependent, upregulation of
immunoreactive levels of SULT2AL, a bile acid sulfotransferase (24). However, it remains
possible that the reduction of LCA-S in post-treatment sera only reflects the reduction of
LCA levels, and that the PPARa-mediated accumulation of SULT2AL protein in the liver
cannot compensate for the decreased availability of its substrate. Another interesting
observation is the differential response of CDCA and CA levels. PPARa was previously
identified as a positive regulator of the CYP8B1 gene in the human and murine liver (16).
This gene encodes 12a-hydroxylase, a key branch in the bile acid biosynthetic pathway
which favors CA instead of CDCA formation, and thus determines the CA/CDCA ratio (16).
It is thus of interest that in the current study, fenofibrate causes a greater reduction in CDCA
than CA levels (Table 2). Such a difference results in an increase of the CA/CDCA ratio
from 0.68 in pre-treatment samples to 0.84 in postfenofibrate sera. Actually, this increase
depends on gender, since CA levels were reduced in men while undergoing a significant
increase in women. In both sexes, CDCA was reduced whereas the CA/CDCA ratio
remained unchanged in men (0.69 and 0.71 pre- and post-fenofibrate, respectively) but
increased from 0.67 to 1.01 in women. These observations might indicate that the PPARa-
dependent up-regulation of CYP8BL is stronger in women than in men.

The response to fenofibrate almost erases the sex-related difference of baseline bile acid
levels discussed above, fenofibrate entailing a “feminization” of the bile acid profile in men.
Indeed, the total bile acid concentration in women before drug exposure is closer to that
found in fenofibrate-treated men when compared to pre-treatment male samples. The same
remark also applies to individual bile acid species, such as CDCA, CA, LCA, TCDCA,
TCA, GCDCA and GDCA. Overall, these observations indicate that fenofibrate is more
efficient at reducing circulating bile acids in men as compared to women. Interestingly,
previous studies reported similar gender differences in the response to fenofibrate. For
example, in C57BL/6J mice fed with a high-fat diet, fenofibrate reduces body weight gain
and total cholesterol only in males (25). Similarly, Liu et al. recently reported from the
GOLDN study that fenofibrate differentially affected the concentration of large LDL
particles in men versus women (26). These observations further support the existence of a
gender specificity in the response to fenofibrate for selected parameters such as bile acid
levels.

Nevertheless, a significant number of bile acid parameters are affected similarly in men and
women. These include the total secondary acids, as well as total DCA and total LCA levels,
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which are reduced in all post-treatment samples, even if specific acids (i.e. TLCA and
GLCA) may be differentially affected (Table 3). The secondary acids DCA and LCA are
hydrophobic molecules and among the most toxic bile acids (27, 28), and their reduction
suggests that fenofibrate might contribute to decrease the toxicity of specific bile acids.
Accumulation of toxic bile acids is a hallmark of chronic cholestatic liver diseases such as
PBC and PSC (2). Interestingly, recent pilot studies have reported a positive effect of
fenofibrate on the liver functions of PBC patients resistant to the classical anticholestatic
drug, UDCA (10-14, 29). These benefits were primarily associated with the lipoprotein-
lowering and anti-inflammatory properties of PPARa activators. However, results from the
present study support that an additional favorable effect of fenofibrate in these patients
might be a reduction of toxic secondary bile acid levels.

On the other hand, the fact that fenofibrate preferentially reduces the bile acid concentration
in men also suggests that the drug may be more efficient at reducing the cytotoxic properties
of these detergents in men than in women. Cholestatic diseases such as PBC and PSC are
sex-related pathologies since middle-aged women constitute the major part of PBC patients,
whereas PSC affects children, teenagers and adults, with a predominance of male subjects
(7). Consequently, data herein presented suggest that fenofibrate may be more efficient at
correcting bile acid toxicity in male PSC patients than in women with PBC. Accordingly,
Chazouilleres O. and collaborators recently reported that combination therapy of fenofibrate
and UDCA induces significant biochemical improvement in patients with PSC and
incomplete response to UDCA (30). However, further studies are needed to evaluate the
extent of bile acid reduction reached with fenofibrate in these patients, and to determine
whether such a reduction might participate in the improvement of their liver functions.

In conclusion, the present study provides evidence that fenofibrate alters the profile of
circulating bile acids in humans, an effect which is thought to participate in the reported
improvement of liver functions observed in fenofibrate-treated PBC patients. Furthermore,
the gender difference detected suggests that fenofibrate could be more efficient at reducing
bile acid toxicity in men than in women.

METHODS

Materials

Donors

Unconjugated and taurine- and glycine-conjugated bile acids were purchased from
Steraloids (Newport, RI). Deuterated bile acids (d4-CA, d4-CDCA, d4-LCA and d4-DCA)
were purchased from C/D/N Isotopes (Montréal, QC, Canada). Protein assay reagents were
obtained from Bio-Rad Laboratories Inc. (Marnes-la-Coquette, France). HPLC-grade
solvents were from VWR Canlab (Montréal, QC, Canada). Strata-X 33-um polymeric
reversed-phase solid-phase extraction (SPE) columns (60 mg/3 mL) were from Phenomenex
(Torrance, CA).

The population for this study consisted of 200 Caucasian participants (100 men and 100
women) from the Genetics of Lipid Lowering Drugs and Diet Network (GOLDN) study
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who were recruited exclusively at the Minnesota fields center (Minneapolis, MN).
Demographic data and laboratory characteristics of donors are shown in Table 1.

GOLDN is a single-arm, uncontrolled, nonrandomized intervention aimed at identifying
genetic factors associated with interindividual variability of the triglyceride response to
high-fat meals and fenofibrate (31-34). This study is part of the PRogram for GENetic
Interaction (PROGENI) and is funded by the NIH (22, 31-34). Only participants who had
not taken lipid-lowering agents for at least 4 weeks before the initial visit were included. As
extensively described in Lai et al. (33), participants took part in five visits. However, sera
used in the present study were drawn at visits 1 and 3. Between the two visits, participants
were given 160 mg of fenofibrate/day (TriCor®, Abbott Laboratories, Chicago, IL), and
were instructed to take one tablet with a breakfast meal once daily for 3 weeks (33, 34).
Adherence to fenofibrate therapy was primarily assessed using tablet counts. Generally,
medication adherence was considered acceptable using an arbitrary threshold of compliance
when study participants took >75% of their expected doses prior to their study day. This
threshold was achieved by 99.0% (99/100) of males and 97.0% (97/100) of female subjects
participating in this cohort.

At both visits, blood was drawn after a 12-h fast, serum was isolated and frozen at —80°C
until subsequent analyses. As this was a study of ambulatory outpatients who were generally
healthy, no attempt was made to standardize diet within or between subjects prior to the
requisite 12 hour fast preceding baseline and post-fenofibrate assessments. Of course we
cannot exclude the possibility of dietary changes within a patient’s enrolment period within
the study, but we would expect that any significant changes in diet would be rare and, in the
context of generally healthy individuals, have minimal if any impact on the findings of this
study.

Exclusion criteria included the following: fasting triglycerides = 1500 mg/dL; recent history
(six months) of myocardial infarction, coronary bypass surgery, coronary angioplasty or
PTCA, self report of a positive history of liver, kidney, pancreas, or gall bladder disease, or
a history of malabsorption of nutrients; current use of insulin or warfarin; serum
concentrations of aspartate aminotransferase (AST) exceeding 52 U/L in males or 42 U/L in
females; serum concentrations of alanine transaminase (ALT) exceeding 66 U/L in males or
44 U/L in females; glomerular filtration rate <30 I/min/1.73 m? estimated from the MDRD
equation; pregnant women or women of childbearing potential not using contraception; and
women nursing a child. Individuals who reported current use of prescription and/or over-the-
counter (OTC) hypolipidemic drugs or dietary supplements known to influence lipid values
(e.g., fish ail, flaxseed oil, niacin, etc.) were required to consult with their physician for
approval to discontinue these lipid-lowering agents for 4 weeks prior to study participation.
Even if known history of liver disease was an exclusion criterion, we cannot exclude the
possibility of undiagnosed underlying liver disease. This may be considered as a possible
limitation of the current study.

A description of the co-morbidities of subjects included in this cohort resemble that of the
overall GOLDN study (33) with limited relevance related to liver disease or function.
Specifically; 8% of our population had T2DM (evenly split between male and females), 5%
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had some form of cardiovascular disease (predominantly males), 27% had a diagnosis of
hypertension and 44% meet the definition of metabolic syndrome (both of which were
evenly distributed between the sexes). Given the exclusion criteria described above,
specifically as it pertains to measures of liver function tests (AST/ALT), we feel that there is
no obvious systematic basis for presumed effect of co-morbidities on our major findings
from this study. With respect to co-administered drugs, few subjects were taking any chronic
drug therapy (including nutraceuticals and over the counter medications) known to affect
bile acids. One possible exception may be those who reported receiving chronically
administered estrogens or progestin’s (or their combination). The number of subjects taking
any form of systemic estrogen or progestin (or their combination), was limited to 30 of the
100 females participating in this cohort. Based on their declared indication or presumed
indication, 15 individuals were using them for hormonal replacement therapy (n=15) and 15
individuals were using them for the purpose of oral contraception use. As these medications
are usually taken on a chronic basis, their impact on the observations of fenofibrate’s effect
on bile acid disposition would be expected to be modest.

The protocol was approved by the institutional review boards at the University of Minnesota
(Minneapolis, MN), Laval University and the CHUQ Research Center (Québec, Canada).
Written informed consent was obtained from all participants.

Bile acid measurements

Bile acid concentrations were determined using a HPLC-MS/MS system with an
electrospray interface, using a novel method adapted from Ye et al. (20). The modified
method allows the simultaneous evaluation of 17 species in the same sample (Figure 1A).
Solid-phase extraction (SPE) was initiated by adding 2 mL of a 0.1% (w/v) formic acid
solution and 30 uL of internal standards (i.e: the deuterated bile acids d4-CDCA, d4-CA, d4-
LCA and d4-DCA) to 100 pL of serum. The same treatment was applied to analytical
standards which were diluted (1:1) with 100 pL of adsorbed serum, and subsequently used to
generate calibration equations. SPE columns were conditioned with 1 mL MeOH and 2 mL
of 0.1% formic acid. Columns were successively washed with 2 mL of H,O and 2 mL of
H,0:MeOH (80:20) containing 0.1% formic acid under negative pressure. Bile acids were
eluted with 2 mL of MeOH. Eluates were completely evaporated at 45°C under N, and
reconstituted in 100 pL of H,O:MeOH (50:50) containing 5 mM ammonium acetate and
0.01% formic acid. Fifteen pL of sample or calibration standards were then injected into the
LC-MS/MS system.

A single LC method was used for the separation of the free (CDCA, CA, UDCA, LCA,
DCA, HDCA, and HCA), taurine (TCDCA, TCA, TUDCA, TLCA and TDCA), glycine
(GCDCA, GCA, GLCA and GDCA), and sulfate (LCA-S) conjugates of bile acids (Figure
1). The chromatographic system consisted of an Alliance 2690 Separations Module (Waters,
Milford, MA). Analytes were separated using a 50 x 3 mm Synergi Hydro-RP column (2.5-
pum particles) (Phenomenex, Torrance, CA). The chromatographic conditions used were: 5
mM ammonium acetate—0.01% formic acid in water (solvent A), 5 MM ammonium acetate
-0.01% formic acid in MeOH (solvent B), and acetonitrile (solvent C) at a flow rate of 800
pL/min. The chromatographic program was as follows: (i) initial conditions: 40% A: 55% B:
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5% C for 4 min; (ii) a linear gradient to 80% B was applied over the next 8 min; (iii) the
column was flushed with 90% B for the next 2 min; and (iv) re-equilibration to the initial
conditions over the next 4 min. All analytes were quantified by tandem mass spectrometry
(MS/MS) using an API13200 LC/MS/MS instrument (Applied Biosystems, Concord, ON,
Canada). The temperature of the source was set at 350°C and the parameter settings used are
shown in Figure 1B.

Data analysis

Baseline characteristics were calculated as means and ranges (10t — 90t percentile). The
response to treatment was calculated as the difference of bile acid concentrations post-
minus pre-treatment. The total bile acid concentration corresponds to the sum of the 17 bile
acid concentrations. The sums of glyco- and tauro-conjugates were calculated by adding the
concentrations of conjugated CDCA, CA, DCA and LCA. The sum of free (i.e.
unconjugated) bile acids also included HDCA and HCA levels. The total of primary,
secondary and 6a-hydroxylated species was determined by adding all unconjugated and
conjugated species of CDCA + CA, LCA + DCA or HDCA + HCA, respectively. As bile
acid concentrations did not follow a normal distribution according to the Shapiro-Wilk test,
the Wilcoxon matched-pairs signed-ranks test was used for statistical analysis of the
response to treatment in men, women and both sexes. For comparison of baseline bile acid
profiles and the response to treatment between men and women, the Wilcoxon/Mann-
Whitney rank-sum test was used. Statistical analyses were performed using the JMP
Statistical Discovery V7.0.2 program (SAS Institute, Cary, NC). Finally, analyses of
covariance (ANCOVA) was used to compare the means of each log!0-tranformed bile acid
variable between 2 or more independent groups adjusted for body weight and BMI (SAS
version 9.2, SAS Institute Inc., Cary, NC).
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Figure 1. Chromatogram of the 17 bile acids analyzed (A) and parameters for LC-MS/MS
quantification (B)
MRM: representing ion transitions as precursor ion [M-H]™ — product ion [M-H]~; DP:

declustering potential; EP: entrance potential; CE: collision energy.
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Figure 2. Differential modulation of total serum bile acids (A), total taurineconjugated (B), total
glycine-conjugated and total unconjugated bile acids (C) by fenofibrate in men and women

Non-cholestatic volunteers received a 3-week treatment with fenofibrate, and serum bile
acids were determined in sera from each donor drawn before and after fenofibrate exposure.
All values represent the mean £ S.E.M.

D : Men pre-treatment; D : Men post-treatment

. : Women pre-treatment; . : Women post-treatment

Statistically significant differences in pre- versus post-fenofibrate samples from men or
women were determined by the Wilcoxon matched-pairs signed-ranks test *, p<0.05; **,
p<0.01; ***, p<0.001; n.s., not significant.
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Figure 3. Differential modulation of serum taurine-conjugated (A—C) and glycine-conjugated
(D-F) bile acid species by fenofibrate in men and women

Non-cholestatic volunteers received a 3-week treatment with fenofibrate, and serum bile
acids were determined in sera from each donor drawn before and after fenofibrate exposure.
All values represent mean + S.E.M.

D : Men pre-treatment; D : Men post-treatment

. : Women pre-treatment; . : Women post-treatment

Statistically significant differences in pre- versus post-fenofibrate samples from men or
women were determined by the Wilcoxon matched-pairs signed-ranks test *, p<0.05; **,
p<0.01; ***, p<0.001; n.s., not significant. GCDCA, glycochenodeoxycholic acid; GCA,
glycocholic acid; GDCA, glycodeoxycholic acid; GLCA, glycolithocholic acid; TCDCA,
taurochenodeoxycholic acid; TCA, taurocholic acid; TDCA, taurodeoxycholic acid; TLCA,
taurolithocholic acid; TUDCA, tauroursodeoxycholic acid.
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Figure 4. Differential modulation of serum unconjugated bile acids by fenofibrate in men and
women

Non-cholestatic volunteers received a 3-week treatment with fenofibrate, and serum bile
acids were determined in sera from each donor drawn before and after fenofibrate exposure.
All values represent mean = S.E.M.

[ Men pre-treatment; O men post-treatment

. - Women pre-treatment; . : Women post-treatment

Statistically significant differences in pre- versus post-fenofibrate samples from men or
women were determined by the Wilcoxon matched-pairs signed-ranks test *, p<0.05; **,
p<0.01; ***, p<0.001; n.s., not significant. CA, cholic acid; CDCA, chenodeoxycholic acid,;
DCA, deoxycholic acid; HCA, hyocholic acid; HDCA, hyodeoxycholic acid; LCA,
lithocholic acid; LCA-S, LCA-sulfate; UDCA, ursodeoxycholic acid.
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Table 1

Clinical and laboratory characteristics of the volunteers

Male Female Total
(n=100) (n=100) (n=200)
Age (years) 5242+145 5273+153  52.6+14.9
Alanine aminotransferase (U/L) 30.5+1.20 19.6+0.65 25.05+11.05
Aspartate aminotransferase (U/L)  31.82+0.74 26.83 £ 0.56 29.33+7.01
Creatinine (mg/dL) 0.915+0.015 0.736+0.016 0.826 +0.179
Weight (Ib) 204.2+2.7 1659+ 3.6 185.1+3.7
BMI (kg/m?) 293+05 28.1+06 287+05
Waist (cm) 101.9+1.1 90.3+1.7 96.1+15
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Gender differences in serum bile acid profile before fenofibrate treatment.

Table 3

Baseline

Bile acids Male Female
CDCA 314.6 +49.4 199.3 + 31.50
TCDCA 108.6 + 14.8 77.1+9.2
GCDCA 805.3 +80.7 686.5 +72.3
CA 2174 +42.1 135.0 + 33.90
TCA 140.2 £ 28.6 87.1+131
GCA 221.2 +26.0 1755215
UDCA 108.9 +12.0 103.5+10.3
TUDCA 6622 55+0.9
LCA 18316 16.9+20
TLCA 19416 18.7+16
GLCA 19329 174+£20
LCA-S 7309 6.7+0.9
DCA 414.6 £32.5 371.6+37.0
TDCA 35239 35051
GDCA 291.2+28.3 259.7 + 26.4
HDCA 535+34 53.5+4.9
HCA 6.2+0.6 49+0.8P
Total CDCA 1,228.5+122.3 962.9 +90.8
Total CA 578.8 +£65.8 397.7 + 4552
Total DCA 741.0+57.3 666.3 + 57.2
Total LCA 64.2+49 59.8+4.2

Total primary

1,807.3 +£178.6

1,360.6 + 123.32

Total secondary 805.2 + 60.5 726.2 +60.0
Total 6a-hydroxy 59.7+35 58.3+5.0
Total free 113341171  gg47+9052
Total glyco 1,337.0+£129.1 1,139.1+108.6
Total tauro 309.9 +£44.9 2235+244
TOTAL 2,787.7+231.1 2,254.0+£163.6

Page 19

Bile acid concentrations are expressed in nM (mean + SEM). Statistically significant differences in bile acid concentrations and in the response to

fenofibrate treatment between men and women were determined by the Wilcoxon/Mann-Whitney rank-sum test: a p<0.05; b, p<0.01; C p<0.001.

CA, cholic acid; CDCA, chenodeoxycholic acid; DCA, deoxycholic acid; GCDCA, glycochenodeoxycholic acid; GCA, glycocholic acid; GDCA,
glycodeoxycholic acid; GLCA, glycolithocholic acid; HCA, hyocholic acid; HDCA, hyodeoxycholic acid; LCA, lithocholic acid; LCA-S, LCA-
sulfate; TCDCA, taurochenodeoxycholic acid; TCA, taurocholic acid; TDCA, taurodeoxycholic acid; TLCA, taurolithocholic acid; TUDCA,
tauroursodeoxycholic acid; UDCA, ursodeoxycholic acid; TOTAL, sum of all bile acids.
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