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Simultaneous determination of dehydroepiandrosterone

and its 7-oxygenated metabolites in human serum by high-resolution

gas chromatography-mass spectrometry

Yasushi Matsuzaki®, Shigemasa Yoshida?, Akira Honda®, Teruo Miyazakib, Naomi Tanaka?,

Aya Takagiwa®, Yoshinori Fujimoto®, Hiroshi Miyazaki¢

2Division of Gastroenterology and Hepatology, Graduate School of Comprehensive

Human Sciences, University of Tsukuba

YTbaraki Prefectural Institute of Public Health

‘Department of Chemistry and Materials Science, Tokyo Institute of Technology

dDepartment of Drug Metabolism Disposition, Niigata College of Pharmacy

Steroids 69, 817-824 (2004)

A highly sensitive and specific method has been
developed for the simultaneous measurement of free
(unconjugated) or sulfate-conjugated forms of
dehydroepiandrosterone (DHEA), 7¢-hydroxy-DHEA
(7¢-OH-DHEA), 78-hydroxy-DHEA (73-OH-DHEA),
and 7-oxo-DHEA (7-oxo-DHEA) in human serum.
This method is based upon a stable isotope-dilution
technique by gas chromatography-selected-ion
monitoring mass spectrometry. Free steroids were
extracted from serum with an organic solvent and the
sulfate-conjugated steroids remained in aqueous
phase. Free steroids were purified by solid-phase
extraction, while sulfate-conjugated steroids were
hydrolyzed by sulfatase and deconjugated steroids
were purified by solid-phase extractions. The
extracts were treated with O-methylhydroxylamine
hydrochlorid and were subsequently
dimethylisopropylisylated. The resulting
methyloxime-dimethylisopropylsilyl (MO-DMiPS)
ether derivatives were quantified by gas
chromatography-selected-ion monitoring mass

spectrometry in a high-resolution mode. The

detection limits fo MO-DMiPS ether derivatives of
DHEA, 70-OH-DHEA, 78-OH-DHEA and 7-oxo
DHEA were 1.0, 0.5, and 2.0 pg, respectively.

Coefficients of variation between samples ranged
from 10.6 to 22.9% for 7-oxygenated DHEA to less
than 10% for DHEA and sulfate-donjugated 7-
oxygenated DHEA. The concentrations of these
steroids were measured in 18 sera samples from
healthy volunteers (9 males and 9 females ; aged 23-
78 years). Free DHEA, 7a¢-OH-DHEA, 78-OH-

DHEA, and 7-oxo-DHEA levels ranged between 0.21-
3.55, 0.001-0.194, 0.003-0.481, and 0.000-0.077

ng/ml, respectively, and the sulfate-donjugated

steroid levels of these metabolites ranged between
253-4681, 0.082-3.001, 0.008-0.903, and 0.107-0.803
ng/ml, respectively. The free DHEA-related steroid
concentrations were much lower than those

previously measured by RIA and low-resolution GC-
MS. The present method made it possible to
determine simultaneously serum DHEA-related

steroid levels with sufficient sensitivity and accuracy.
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Plasma 7a-hydroxy-4-cholesten-3-one has been
used as an index of hepatic bile acid synthesis. The
aim of this study is to ascertain whether the level of
this oxysterol reflects cholesterol 7a-hydroxylase
activity when plasma cholesterol concentrations are
markedly changed. In addition, the relationship of
hepatic sterol 27-hydroxylase activity with plasma
concentrations of 27-hydroxycholesterol and 383-
hydroxy-5-cholestenoic aid was studied. We used
New Zealand white rabbits fed 2% cholesterol for 5 or
10 days and/or constructed bile fistula. Feeding
cholesterol markedly increased and bile drainage
reduced plasma cholesterol concentrations. Initially,
in these models there was no correlation between
plasma 7o -hydroxy-4-cholesten-3-one concentrations
and hepatic cholesterol 7a¢ -hydroxylase activities (r=
—0.24, n=10). Cholesterol feeding was associated
with down-regulated 7¢-hydroxylase activities while
plasma 7a@-4-cholesten-3-one concentrations were

elevated the presence of increased plasma cholesterol

levels. However, this discrepancy was overcome and

43-48 (2004)

significant correlation was observed (r=0.23, p<0.05,
n=10) by expressing 7@ -hydroxy-4-cholesten-3-one
levels relative to cholesterol. In contrast, hepatic
sterol 27-hydroxylase activities were not significantly
correlated with plasma absolute (x=-0.13, NS, n=10)
nor cholesterol related levels of 27-hydroxycholesterol
(r=-0.13, NS, n=10), or 38 -hydroxy-4-cholesten-3-
one concentrations reflected hepatic cholesterol 7a-
hydroxylase activities when the sterol levels were
adjusted to plasma cholesterol concentrations in
rabbits with hypercholesterolemia. The results

suggest that plasma 7a@-hydroxy-4-choleuten-3-one
relative to cholesterol is a better marker for hepatic
cholesterol 7¢-hydroxyase activity than the absolute
concentration when hypercholesterolemia is present.

In contrast, 27-hydroxycholesterol and 33-hydroxy-5-
cholestenoic acid levels in plasma did not reflect
hepatic sterol 27-hydroxylase activities even if the

levels were adjusted to plasma cholesterol

concentrations.



Dietary cholesterol stimulates CYP7A1 in rats

because farnesoid X receptor is not activated
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Cholesterol feeding upregulates CYP. 7TAl in rats
but downregulates CYP. 7A1l in rabbits. To clarify
the mechanism responsible for the upregulation of
CYP7A1 in cholesterol-fed-rats, the effects of dietary
cholesterol (CH) and cholic acid (CA) on the activation
of the nuclear receptors, liver X-receptor (LXR-alpha)
and farsenoid X-receptor (FXR), which positively and
negatively regulate CYP7A1l, were investigated in
rats. Studies were carried out in four groups
(n=12/group) of male Sprague-Dawler rats fed
regular chow (control), 2% Ch, 2% Ch+ 1% CA alone
for 1 wk. Changes in mRNA expression of short
heterodimer patner (SHP) and bile salt export pump
(BSEP), target genes for FXR, were determined to
indicate FXR activation, whereas the expression of
ABCAL1 and lipoprotein lipase (LRL), target genes for

LXRa , reflected activation. CYP7A1 mRNA and

activity increased twofold and 70%, respectively,
after CA was added to the Ch diet, which expanded
the bile acid pool 3. 4-fold. SHP and BSEP mRNA
levels did not change after feeding Ch but increased
88 and 37% in rats fed Ch+CA. this indicated that
FXR was activated by the expanded bile acid pool.
When Ch or Ch+CA were fed, hepatic concentrations
of oxysterols, ligands for LXRa , as evidenced by
increased mRNA levels of ABCA1 and LPL. Feeding
CA alone enlarged the bile acid pool threefold and
increased the expression of both SHP and BSEP.
These results suggest that LXR-alpha was activated
in rats fed both Ch or Ch+CA, whereas CYP7Al
mRNA and activity were induced only in Ch+CA, the
bile acid pool expanded, which activated FXR to
offset the stimulatory effects of LXRa on CYP7AIL.
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Dehydroepiandrosterone (DHEA) is a naturally
occurring steroid synthesized in the adrenal cortex,
gonads, brain, and gastrointestinal tract, and it is
known to haze chemopreventive and anti-
proliferative actions on tumors. These effects are
considered to be induced by the inhibition of glucose-
6-phosphate dehydrogenase (G6PD) and /or HMG-
CoA reductase (HMGR) activities. The present study
was undertaken to investigate whether endogenous
DHEA metabolites, i, e.. Dhea-sulfate, 7-
oxygenaed DHEA derivatives, androsterone,
epiandrosterone, and eticholanolne, have anti-
proliferative effects on cancer cells and to clarify
which enzyme, G6PD or HMGR, is responsible for
growth inhibition. Growth of Hep G2, Caco-2, and
HT-29 cells, evaluated by 3- [4, 5-dimethylthiazol]-
2y1-2, 5-diphenyl tetrazolium bromide (MTT) and

bromodeoxyuridine incorporation assays, was time-

and dose-dependently inhibited by addition of all
DHEA-related steroids we tested. In particular, the
growth inhibition due to etiocholanolone was
considerably greater than that caused by DHEA in all
The of the
incubated steroids was not correlated with the
inhibition of GE6PD (r=-0.031, n=9, NS) or HMGR

(r=0.219, n=9, NS) activities. The addition of

cell lines. suppression of growth

deoxyribonucleosides or mevalonolactone to the
medium did not overcome the inhibition of growth
induced by DHEA or etiocholanolone, while growth
suppression by DHEA was partially prevented by the
addition of ribonucleosides. These results

demonstrate that endogenous DHEA metabolites also
have an anti-proliferative action that is not induced
by inhibiting G6PD or HMGE activity alone. These
nob-androgenic DHEA metabolites may serve as

chemopreventive or anti-proliferative therapies.



Skewed X-chromosome inactivation causes intra-familial

phenotypic variation of an EBP mutation in a family

with X-linked dominant chondrodysplasia punctata

Shuya Shirahama?, Akira Miyahara®, Hiroshi Kitoh?, Akira Honda® Akihiko Kawase?, Koki Yamada®,
Akihiko Mabuchif, Hideji Kura®, Yasunobu Yokoyama? Masayoshi Tsutumi?, Toshiyuki Ikedaf,

Naomi Tanaka®, Gen Nishimura!, Hirofumi Ohashi, Shiro Ikegawa®

2Center for Molecular Biology and Cytogenetics, SRL Inc.

PDepartment of Orthopaedic Surgery, Nagoya University School of Medicine
‘Tbaraki Prefectural Institute of Public Health

9Neonatal Intensive Care Unit, Neonatal Intensive Care Center, Kumamoto City

Hospital

°Department of Ophthalmology, Nagasaki University
fLaboratory for Bone and Joint Diseases, SNP Research Center, RIKEN
EDepartment of Orthopedic Surgery, Sapporo Medical University

"Division of Gastroenterology and Hepatology, Graduate School of Comprehensive

Human Sciences, University of Tsukuba

iJapan Skeletal Dysplasia Consortium

Division of Medical Genetics, Saitama Children's Medical Center

Hum, Genet. 112, 78-83 (2003)

X-linked dominant chondrodysplasia punctata
(CDPX2) is a skeletal dysplasia characterized by
stippled epiphyses, cataracts, alopecia, and skin
ichthuosis. CDPX2 exhibits a

number penetrance and plssible gonadal and somatic

lesions, including
mosaicism. Recently, mutations in the gene

encoding A 8, A 7 sterol isomerase/emopamil-binding
proein (EBP) have been identified in CDPX2. To
better understand the genetics of CDPX2, we
examined the entire EBP gene by direct sequencing
in four CDPX2 patients. We found EBP mutations in
all four patients, inclufding three novel mutations :
IVS3 + 1G>A, Y165C and W82C. Surprisingly, a

known mutation (R147H) was identified in a patient
and her clinically unaffected mother. Expression
analysis revealed the mutant allele was

predominantly expressed in the patient, while both
alleles were expressed in the patient, while the
mutated allele caused by skewed X-chromosome
inactivation produced the diverse phenotypes within
the family. Our findings could explain some of the
perplexinig features of CDPX2. The possibility that
an apparently normal parent is a carrier should be
considered when examining seemingly sporadic cases

and providing genetic counseling to CDPX2 families.
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A simple and sensitive method foe the quantitation
of theophylline (TP) in tears and plasma developed
using gas chromatography/electron-impact
ionization/mass spectrometry. Tears were collected
by non-invasive Schirmer method. Plasma was
pipetted on a Schirmer tear test strip (cutting to 5
mmx5mm). Then, TP was converted directly into its
pentafluorobenzoyl amide derivative without the
need to perform any extraction from the biological
fluid absorbed on Schiemer test paper and was

quantified by gas chromatography-selected ion

The

concentrations in tears [Clt correlated very well with

recordings with electron ionization mode.
those of the free form in the plasma [Cf] p and those
of the total form in the plasma [Cb+f] p. The ratios
between TP concentrations in tears and plasma ( free
and total form ) were as follows : [C] t/ [Cb+f] p=0.
53+/-0.20: [C] t/ [Cf] p=1. 21+/-0.19; [Cf] p/ [Cb+f]
=0.44+/-0.14. The ratios of [C] t/ [Cb+f] p, [C] ¥/
[C] pand [Cf] p/ [Cb+f] p were in good agreement
with the previously published data.
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We investigated how cholesterol feeding regulates
cholesterol 7a-hydroxylase (CYP7A1) via the nuclear

receptors farnesoid X receptor (FXR) and liver X

receptor alpha (LXRa) in New Zealand, white rabbits.

After 1 day of 2% cholesterol feeding, when the bile
acid pool size had not expanded, mRNA levels of the
FXR target genes short-heterodimer patner (SHP)
and sterol 12a-hydroxylase (CYP8B) were unchaged,
indicating that FXB activation remained constant.
In contrast, the mRNA levels of the LXRa target
genes ATP binding cassette transporter A1 (ABCA1)
and cholesteryl ester transfer protein (CETP)
increased 5-fold and 2.3-fold, respectively, associated
with significant increases in hepatic concentrations of
oxysterols. Activity and mRNA levels of CYP7A1
increased 2.4 times and 2.2 times, respectively.

After 10 days of cholesterol feeding, the bile acid pool

size increased nearly 2-fold. SHP mRNA levels
increased 4.1-fold while CYPS8B declined 64%.
ABCA1 mRNA rose 8-fold and CETP mRNA
remained elevated. Activity and mRNA of CYP7A1
decreased 60%
cholestérol for 1 day did not enlarge the ligand pool

and 90%, respectively. Feeding

size or change FXR activation, while LXRa was
activated highly secondary to increased hepatic
oxysterols. As a result, CYP7A1l was up-regulated.

After 10 days of cholesterol feeding, the bile acid
(FXR ligand) pool size increased, which activated
FXR and inhibited CYP7A1 despite continued
activation of LXRa. Thus, in rabbits, when FXR
and LXRa are activated simultaneously, the

inhibitory effect of FXR overrides the stimulatory
effect of LXRa to suppress CYP7A1 mRNA

expression.
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In human liver cirrhosis (LC), the Fischer ratio
(branched-dhain amino acid (BCAA) /aromatic amino
acid (AAA) is used as a marker of hepatic
encephalopathy. Similarly, the plasma BCAA levels
decrease while AAA levels increase in LC rats.
However the BCAA and AAA ratio and the influence
of exercise on this ratio remains to be clarified in
various tissues of the LC rat model. Normal and LC
rats received two weekly injections of olive oil or
CCL4 for 10 weeks, respectively, and half of the rats
from each group were subjected to one time exercise
on a treadmill. BCAA, AAA, glutamate and

glutamine concentrations were measured in plasma,

liver, brain, heart and skeletal muscles. Decreased
BCAA and increased AAA concentrations in, brain
and heart were also observed in LC rats and these
changes were significantly amplified by exercise.

The Fischer ratio in the LC group with and without
exercise was decreased in skeletal muscles, while it
remained unchanged in the liver. Decreased

glutamate and increased glutamine concentration
were shown in most LC samples following exercise.

In conclusion, specific alteration of the amino acid
patterns were observed in various tissues in the LC
group. These alterations were further emphasized

by exercise.
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The harmful effect of exercise on reducing taurine concentration

in the tissues of rats treated with CCls administration
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We have previously reported that oral taurine
administration reduced the frequency of painful
muscle cramps in patients with liver cirrhosis, and
that the skeletal muscle taurine concentration was
significantly decreased post exercise. The aim of this
study was to examine the taurine concentration in
various tissues on a liver damaged with fibrosis (LD)
rat model before and after exercise. Rats were
divided into a normal (NML) and an LD groups. The
LD group received CCls injection for 10 weeks.
Thereafter, both groups were divided into control
(NML/CTL, LD/CTL) and exercise (NML/EX, LD/EX)
groups, respectively. The rats in the EX groups were
subjected to treadmill running. Plasma, liver, brain,
heart and skeletal muscles taurine concentration, as

well as plasma and liver lipid peroxidase (LPO)

concentration in the LD groups was sigmficantly
decreased compared to that in the respective NML
group. Furthermore, the taurine concentration in
the heart and skeletal muscles in the LD/CTL group
was significantly decreased post exercise. The

respective plasma and liver LPO concentration in the
LD groups was significantly increased compared to
that in the corresponding NML group. Moreover,

plasma LPO concentration in the LD/EX group was
significantly higher than in the LD/CTL group.

Tissue taurine concentration, particularly in skeletal
muscle, was significantly decreased in the LD model
CCly

furthermore, the significant decreased concentration

rats induced by administration, and
expect for liver was aggravated by exercise, even

though lower intensity.
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The aim of this study was to determine the effective
and optimum dose of taurine for exercise performance
and to maintain tissue taurine concentration. Rats
received a respective daily dose of 0, 20, 100, and
500mg/kg body weight taurine (EC and ET-1,-2,-3
groups, respectively) for two weeks, and then, were
subjected to by 25% and 50% in the ET-2 and ET-3
groups, respectively, compared to that in the EC

group accompanied with maintenance of taurine

tissue concentrations. Furthemore, the oxidative
glutathione per total glutathione ratio in tissues was
inhibited in the ET-2 and -3 groups whereas it was
higher in the EC group than in both the no exercise
and taurine-administered groups. Therefore the
effective and optimal doses of oral taurine

administration for two weeks on a transient exercise

performance were between 100 and 500mg/kg/day.
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