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Evidence has indicated that circulating adrenal steroid quantitites were significantly changed in patients with
Alzlieimer's disease (AD). Aside of 3$-sulfatation and 3$-acylations, levels of dehydroepiandrosterone (DHEA)
result from production and metabolic transformation yields. 7a.-Hydroxylation of DHEA has been described in
humans, and 7a-hydroxy-DHEA may be responsible for the known antiglucocorticoid effects of DHEA. Using a
negative ion fragmentometry method with gas chromatography/mass spectrometry on trifluoroacetate derivatives,
we measured levels of free 7a-hydroxy-DHEA as well as its sulfated conjugate and its fatty acid esters in serum of
10 female patients with AD and of 8 age-matched healthy control women. Free 7a-hydroxy-DHEA levels in AD and
controls were not significantly different (240.2 ± 37.2 pg/ml and 206.8 ± 21.6 pg/ml, respectively), but sulfate conju-
gate levels were significantly increased in AD (p = .01) (262 ±.28.4 and 145.4 ± 27.6, respectively) as well as fatty
acid esters (p = .041) (65.7 ± 6.9 and 40.7 ± 9.2, respectively). These results indicated that the total 7a.-hydroxy-
DHEA produced was significantly increased in AD (p = .024) and may contribute to the disease-related distur-
bances of DHEA production and metabolism.

ACOMMON condition of aging is the loss of cognition
.and development of dementia (1), but the etiology

and exact pathogenesis of Alzheimer's disease (AD) are
presently not understood, and studies indicate that AD may
result from multiple factors (2-7). In humans, dehy-
droepiandrosterone-sulfate (DHEA-S) levels in the brain
were found to be higher (3 ng/g) than in the adrenal gland
(2.9 ng/g), which in turn are 3-4 times higher than in
plasma (8). This finding suggests that DHEA-S could be a
neuroactive steroidal hormone (9). DHEA-S levels are
inversely related to organic brain syndrome (10), and the
beneficial effects of DHEA, DHEA-S, and other related
hormones on memory and glial survival in adult and aging
mice have been described (8,11,12). Nevertheless, contra-
dictory findings were published when DHEA and DHEA-S
levels were measured in patients with AD. Some studies
found low levels (13,14), which the authors postulated
could contribute to the course of dementing diseases. Other
authors reported increased circulating levels of DHEA-S,
DHEA, and androstenedione (15) after comparison of 9
age-matched controls with 10 women with mild AD. These
results indicated disturbances in either metabolism or
secretion of DHEA in AD.

Several studies have shown that DHEA could be 7-
hydroxylated in numerous tissues from animals (16-19)
and humans (20,21) by a microsomal cytochrome P450
species, which has been identified from rat brain hip-
pocampal transcripts (22,23).

More recently, 7a-hydroxy-DHEA was identified as the
major DHEA metabolite produced by cultured human adi-
pose stromal cells (24), and the specificity of 7-hydroxyla-
tion toward 3(3-hydroxysteroid substrates has been demon-

strated with microsomes prepared from several murine and
human organs (17,23,25,26). The native 7a-hydroxy-
steroids produced were shown to increase the immune
response in mice (18), and a specific anti-glucocorticoid
effect was suggested (27). Because 7a-hydroxylation of
DHEA may contribute to the regulation of circulating
DHEA levels, and because effects of 7a-hydroxy-DHEA
produced in the brain may be important for hippocampal
and memory functions, we thought that reported incre-
ments of DHEA levels in AD (15) could result from a
decreased activity of the brain 7a-hydroxylating enzyme.

To test this hypothesis, we set up measurements of 7a-
hydroxy-DHEA concentrations in the serum of AD patients
and age-matched healthy controls. Serum quantities of 7a-
hydroxy-DHEA were expected to be in the range of 200-
300 pg/ml because use of a radioimmunoassay technique
reported such concentrations in pre- and postmenopausal
healthy women and in breast cancer patients (28,29). For-
mal detection of such low levels required a highly sensitive
method and we selected negative ion chemical ionization
(NICI) mass spectrometry (30,31) with methane as the
reagent gas to measure amounts of free 7a-hydroxy-DHEA
as well as its sulfate and fatty acid ester derivatives in
serum of AD patients and of age-matched healthy controls.

METHODS

Patients
This study was carried out on 18 subjects (women),

including 10 patients (mean ± SD: age, 82.1 ± 7.0; range,
68-92) with a diagnosis of probable AD. All patients were
living in a geriatric facility in a northern suburb of Paris,
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France. Patients were in an advanced stage of the illness
(32,33). Two years after collection of blood samples, three
of the patients were dead and seven were hospitalized. The
mean Mini-Mental State Examination (MMSE) score (34)
was 1.4 ± 2.0 (minimal score, 0). The diagnosis of probable
AD was based on the criteria of DSM-III-R (35) and those
of the National Institute of Neurological and Communica-
tive Disorders and Stroke/Alzheimer's Disease and Related
Disorders Association (NINCDS/ADRDA) (36). Specific
laboratory tests were performed to exclude syphilis and
human immunodeficiency virus (HIV) infections, diabetes,
thyroid disorders, and vitamin B12 and folate deficiencies.
The performance of AD patients was compared to that of a
group of eight nondemented female subjects (mean ± SD:
age, 80.7 ± 9.5; range, 66-95). The mean of the MMSE
score was 26 ± 3 due to the low level of education. They
were all patients with social or orthopedic problems but no
neurologic disorders. Currently, only two patients remain in
the facility; all others have left. All blood samples (6-8 ml)
were taken at 9:00 a.m. After centrifugation, serum super-
natants were recovered and stored at - 8 0 ^ before analysis.

Steroids and Reagents
7a-Hydroxy-DHEA was prepared from DHEA acetate

(Sigma-Aldrich, St Louis, MO) which was 7-brominated in
CC14 by N-bromosuccinimide and treated with acetic
acid/sodium acetate to yield a mixture of 7a- and 7{3-ace-
toxy derivatives. Saponification in K2CO3/methanol pro-
duced a 1:2 mixture of 7a- and 7P-hydroxy-DHEA. Both
epimers were isolated by preparative silica gel chromatog-
raphy eluted with ethyl acetate. Purity of 7a-hydroxy-
DHEA was checked by thin layer and gas chromatogra-
phies, and melting point, nuclear magnetic resonance
(NMR), and mass spectra were identical to those obtained
with a sample of authentic 7a-hydroxy-DHEA provided by
Dr. H. A. Lardy (University of Wisconsin, Madison, WI).

Solvents, salts, and reagents were of analytical grade and
were purchased from Merck (Darmstadt, Germany) or
Sigma-Aldrich. Materials for chromatography on alumina
microcolumns were obtained from Merck. Alumina (activity
grade III) was prepared by mixing water/acetone (6:94, v/v,
100 ml) with alumina (100 g, activity grade I, Woelm Neu-
tral, ICN Pharmaceuticals, Eschwegge, Germany) and was
allowed to stand for 1 h before decanting and drying at 80°C
for 2-3 h. The N-trifluoroacetylimidazole used for derivatiza-
tion in gas chromatography/mass spectrometry (GC/MS)
analysis was purchased from Pierce (Rockford, IL).

Preparation of [3H]- 7a-Hydroxy-DHEA
[1,2,6,7-3H]-DHEA (60 Ci/mmol) from NEN (NEN, Life

Sciences Products, Boston, MA) contained 25.1% tritium at
the 7a position. Incubation with mouse brain microsomes
was carried out as described (19) and produced [1,2,6,7(3-
3H]-7a-hydroxy-DHEA (44.94 Ci/mmol), which was puri-
fied first by thin layer chromatography on silica gel plates
developed once in ethyl acetate, and then by high perfor-
mance liquid chromatography on a Ci8 column eluted with
methanol/water (7:3, v/v). Trace amounts (5000 dpm) of
the purified [l,2,6,7P-3H]-7a-hydroxy-DHEA were used
for computation of recoveries.

Extraction and Purification of 7a-Hydroxy-DHEA
Frozen serum samples were thawed in ice at 4°C, and 2

ml were used for extraction. The procedure used included
extraction of free and fatty acid (FA) esterified steroids with
isooctane/ethyl acetate (1:1, v/v) and defatting of the extracts
by partition between isooctane and 90% methanol (37). The
FA esters of steroids were recovered in isooctane, and the
free steroids were in 90% methanol. Saponification of FA
esters was performed under nitrogen in 1 ml of a 95:5 (v/v)
mixture of ethanol and 40% KOH for 1 h at 80°C followed
by 12 h at room temperature. Water was added and extracted
three times with ethyl acetate. Solvolysis of sulfated steroids
was carried out after extraction of each serum sample with
isooctane/ethyl acetate (1:1, v/v). The steroid sulfate-con-
taining aqueous phase was added with sulfuric acid (pH 1)
and 1 g NaCl. Each solution was extracted three times with
ethyl acetate, and pooled extracts were incubated at 37°C for
16 h. Further processing was carried out according to
Burstein and Lieberman (38). Before further processing of
each sample, addition of [l,2,6,7|3-3H]-7a-hydroxy-DHEA
(5000 dpm) allowed appropriate corrections to be made for
losses during the isolation procedures. Free steroids recov-
ered in each of the free, saponified, and solvolyzed fractions
were evaporated under vacuum, dissolved in benzene (3 ml),
and applied to alumina (activity grade III) microcolumns
(600 mg, 2.5 mm diameter) prepared in benzene according
to Skinner et al. (28). The columns were washed with ben-
zene (5 ml), 0.15% ethanol in benzene (19 ml), and 2%
ethanol in benzene (9 ml). 7a-Hydroxy-DHEA was then
eluted with 2% ethanol in benzene (9 ml). The 7a-hydroxy-
DHEA fraction was evaporated under vacuum and dissolved
in methanol. A 1/10 portion was used to quantitate recovery
by counting in 5 ml Aquasafe 300 scintillation fluid (Zinsser
Ananlytic, Maidenhead, U.K.) with an Intertechnique SL-
4000 liquid scintillation spectrometer (Kontron, St Quentin
en Yvelines, France). Recoveries of free 7a-hydroxy-DHEA
and 7a-hydroxy-DHEA derived from sulfate and from FA
esters were 24.8 ± 1.3, 38.3 ± 2.7, and 33.5 ± 1.7 (n = 18),
respectively.

Samples Derivatization for GC/MS Analysis
7a-Hydroxy-DHEA was derivatized with N-trifluor-

oacetylimidazole (TFAI). TFAI (20 ul) was added to the
dried extracts, vortex mixed for 1 min, and then heated at
60°C for 1 h. Samples were dissolved in 2 ml toluene con-
taining 0.5 ml water by vortex mixing for 2 min before
removal of the aqueous layer. The toluene layer was
washed three times with 0.5 ml portions of water, and water
of the final wash was entirely removed by centrifugation of
the tubes for 2 min. For GC/MS analysis, 5-ul portions
were injected directly onto the GC column.

GC/MS Analysis
GC/MS analysis of the trifluoroacyl derivatives was con-

ducted on a Hewlett-Packard (HP; Meyrin, Switzerland)
5890 series II gas chromatograph coupled with a HP 5989
A mass spectrometer. GC was carried out on a fused silica
capillary column (12 m, 0.2 mm interior diameter) coated
with bonded HP-1 stationary phase (0.33 urn thickness).
Injection of derivatives used the splitless mode with N55
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helium (1 ml/min) as a mobile gas phase. Mass fragmenta-
tion was performed with NICI mode using N45 methane as
the reaction gas to an indicated ion source pressure of
about 1.2 torn The injection port was maintained at 250°C,
and the oven temperature was programmed from 180°C to
310°C in 15°C/min increment. The column was directly
coupled to the quadrupole mass spectrometer ionization
chamber where the source was set at 300°C and the energy
of bombarding electrons at 230 eV. Prior to analysis, the
instrument was tuned in NICI mode using the ions
observed at m/z 302, 452, and 633 from the perfluo-
rotributylamine calibrant gas. Quadrupole was at 100°C,
threshold was set at 1, and electron multiplier voltage was
about 1600 V.

Statistical Analysis
Linear regression analysis and computation of SEM used

the least-square method with the Biostal program. For sta-
tistical comparisons, the analysis of variance (ANOVA)
used the Fischer-Snedecor's test.

RESULTS

Standard Curve
Under described experimental GC/MS conditions, 7a-

hydroxy-DHEA reacted with TFAI to give a disubstituted
derivative (m/z 496), and its NICI mass spectrum indicated
one dominant ion at m/z 478 and few additional minor frag-
ment ions (Figure 1). This ion was detected at a retention
time of 7.69 min (Figure 2). Triplicate sets of tubes contain-
ing various amounts of 7a-hydroxy-DHEA (range, 0.1—10
pg) were prepared by serial dilution of a standard solution
of 7a-hydroxy-DHEA. Once dried under vacuum, the con-
tent of each tube was treated with TFAI for production of
trifluoroacetate derivatives. After GC/MS analysis, the area
under the m/z 478 peak of each derivative was measured
and a standard curve was constructed by plotting the peak
area of m/z 478 versus the relative amounts of 7a-hydroxy-

DHEA. Linear regression analysis (least-square method) of
data allowed plotting of a standard curve (y = 15532x -
278.9) with a high correlation coefficient (r2 = 0.9994) (Fig-
ure 3).

Precision, Reproducibility, and Sensitivity
To assess the precision and reproducibility of the meth-

od, each point of the standard curve was measured in tripli-
cate the same day. The coefficient of variation for each con-
centration assayed was calculated by using the statistical
Biostal program. The jntraassay coefficients of variation
obtained were <6%. With use of the NICI procedure, the
detection limit of trifluoroacyl derivatives of 7a-hydroxy-
DHEA was 0.01 pg.

Quantitative Analysis by GC/MS in Human Serum Samples
Three samples containing 7a-hydroxy-DHEA were pro-

duced from each serum. One was obtained after solvolysis of
7a-hydroxy-DHEA-S, another resulted from saponification
of 7a-hydroxy-DHEA FA esters, and the last one was free
7a-hydroxy-DHEA extracted from the serum. After purifica-
tion of each sample on alumina microcolumns and derivati-
zation, 7a-hydroxy-DHEA trifluoroacetate derivatives were
quantified by single ion monitoring at m/z 478.2. After mea-
surement of the area under the m/z 478 peak for each sample,
the standard curve was used for computation of relative con-
centrations. Because measurements were all carried out with
7a-hydroxy-DHEA and because exact molecular weights of
FA esters were unknown, all concentration data were com-
puted in pg 7a-hydroxy-DHEA per ml of serum. The
GC/MS experiment was repeated three times for each sam-
ple, and concentrations were computed from mean values ±
SEM for AD (n =10) and for control samples (n = 8) (Table
1). ANOVA with Fischer-Snedecor's test was used to study
differences between the AD and control groups (Table 2).
The results indicated a greater production of 7a-hydroxy-
DHEA in AD patients (p = .024), resulting from increased
serum levels of sulfate and FA esters (p = .01 and p - .041,
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Figure 1. Mass spectrum of the di-trifluoroacetate derivative of 7a-hydroxy-DHEA. Negative ions detected were produced by negative ion chemical
ionization with methane as reaction gas.
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Figure 2. Gas chromatographic retention time of 7a-hydroxy-DHEA-di-trifluoroacetate derivative of 1 pg 7a-hydroxy-DHEA. Major ion detected was at
m/z 478.
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Figure 3. Standard curve for 7a-hydroxy-DHEA. Quantities of 7a-
hydroxy-DHEA (in pg) converted into di-trifiuoroacetate derivative were
plotted versus arbitrary area units (mean ± SEM, n = 3) of the m/z 478 ion.

respectively). No significant differences were observed for
free steroid (p = .479). Comparisons between free, sulfate,
and FA esters showed that free and sulfate derivatives were
the major products in serum of controls and AD patients,
whereas FA esters were much less abundant (p < .001) (Table
3). We also noticed that free 7a-hydroxy-DHEA was signifi-
cantly higher than 7a-hydroxy-DHEA-S in controls (p =
.016) but not in AD patients (p = .56).

DISCUSSION

Measurements of below pg quantities of halogenated
steroid derivatives were made possible by GC/MS detection
of negative ions produced by NICI (30,31)- Application of
this technique to trifluoroacetate derivatives of authentic 7a-
hydroxy-DHEA and to samples extracted from human serum
allowed generation of a calibration curve and its use for com-
putation of 7a-hydroxy-DHEA concentrations in serum.

We report now that concentrations of free 7a-hydroxy-
DHEA in serum of female patients with AD and of age-
matched normal women were 240 ± 37.2 pg/ml and 206.8
± 21.6 pg/ml, respectively. These concentrations are in
agreement with those measured by Skinner et al. (28), who
used a radioimmunoassay and reported 7a-hydroxy-DHEA
plasma concentrations of 200-300 pg/ml in middle-aged
normal women. Other measurements of plasma concentra-
tions in older female patients with mammary tumors of
estrogen receptor (ER) status ER~ and ER+were 205.4 ±
31.9 pg/ml and 154 ± 22.6 pg/ml, respectively (29). Thus,
we may consider that our measurements are valid and may
be used for investigation of 7a-hydroxy-DHEA plasma
concentrations in the etiology of AD.

Our hypothesis that incremental DHEA concentrations in
plasma of AD patients (15) might be due to a decreased
conversion into 7a-hydroxylated metabolites (Figure 4)
was not supported by our present findings. In fact, the total
circulating 7a-hydroxy-DHEA (free plus sulfate plus FA
esters) was significantly higher in AD than in age-matched
control women. This inferred that 7a-hydroxylation of
DHEA was increased in AD patients. Such increment may
result from the following AD-related changes. (/) Aug-
mented cortisol levels may be responsible for increased 7a-
hydroxylation because glucocorticoid-induction of the
enzyme was demonstrated with cultures of human adipose
stromal cells (39). Increased cortisol levels, particularly in
women (14,40) who develop AD with rates higher than in
males (13), may be related to the disease because therapeu-
tic doses of glucocorticoids were shown to impair explicit
memory (41). (ii) Increased 7a-hydroxylation of DHEA
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Table 1. Concentrations of 7a-Hydroxy-DHEA, 7a-Hydroxy-DHEA-S, and 7a-Hydroxy-DHEA-FA Esters
in Serum From Patients With AD and From Healthy Age-Matched Controls

Age

Controls
78
87
78
66
79
90
73
95
Mean ± SEM

AD
80
84
90
92
76
81
87
78
85
68
Mean ± SEM

MMSE
score

26
29
24
22
28
23
30
25

0
0
0
6
3
2
0
0
3
0

Free
7a-Hydroxy-

DHEA

259.2
200.2
260.1
276.3
218.2
199.0
102.6
138.8

206.8 ±21.60

456.8
448.1
194.9
187.1
222.9
191.2
103.0
240.4
189.3
167.8

240.2 ±37.17

7a-Hydroxy-
DHEA-S

123.4
306.5
67.0
87.0

101.3
149.9
209.4
118.6

145.4 ±27.64

375.6
352.1
352.2
330.6
273.3
188.7
250.9
107.4
195.9
193.6

262.0 ±28.37

7a-Hydroxy-
DHEA-FA esters

24.7
49.6
78.5
35.4
72.6
11.6
8.5

44.6
40.7 ±9.17

81.5
59.5
96.7
59.3
44.6
75.1
91.0
64.7
22.5
62.4

65.7 ± 6.95

Free + Sulfate
+ FA esters

407.2
556.2
405.6
398.6
392.2
360.5
320.4
302.0

392.8 ±27.27

913.9
859.8
643.9
577.0
540.8
455.1
445.0
412.5
407.7
423.7

567.9 ± 58.68

Notes: Steroid concentrations in pg/ml are all related to the 7a-hydroxy-DHEA structure (MW = 304).

Table 2. Variations in 7a-Hydroxy-DHEA Concentrations
(Means ± SEM) in Patients With AD

and in Healthy Age-Matched Controls

Free 7a-Hydroxy-DHEA
7a-Hydroxy-DHEA-S
7a-Hydroxy-DHEA-FA esters
Free + sulfate + FA esters

AD Patients
(«=10)

Age Range
68-92

240.2 ±37.17
262.0 ± 28.37

65.7 ± 6.95
567.9 ± 58.68

Controls
(n = 8)

Age Range
66-95

206.8 ±21.60
145.4 ±27.64
40.7 ±9.17

392.8 ± 27.27

p- Values

0.479 (NS)
0.01
0.041
0.024

Notes: Steroid concentrations in pg/ml are all related to the 7a-
hydroxy-DHEA structure (MW = 304). Differences between AD patients
and controls were analyzed using Fischer-Snedecor's test. Differences
were not significant when p > .05.

Table 3. Partial Correlations for Conjugated 7a-Hydroxy-DHEA
and Free 7a-Hydroxy-DHEA Levels Stratified for Controls

(n = 8) and AD Patients (n = 10)

7a-Hydroxy-
DHEA-S

7a-Hydroxy-
DHEA-FA esters

Controls
Free 7a-Hydroxy-DHEA p = .016 p < .001
7a-Hydroxy-DHEA-FA esters p < .001

AD
Free 7a-Hydroxy-DHEA p = .56 (NS) p < .001
7a-Hydroxy-DHEA-FA esters p<.001

Notes: Differences were not significant when p > .05.

may also result from augmented glial cell contacts as
demonstrated on 3p-hydroxysteroids with rat astrocyte cul-
tures (42). This process may occur in brains of AD patients
where depositions of senile plaques (43) containing major
quantities of B-amyloid protein were described (44,45).

Our findings showed that a significant increase in 7a-
hydroxy-DHEA-S was mainly responsible for augmented
total 7a-hydroxy-DHEA in AD. Because production of
steroid sulfates is known to facilitate their urinary excre-
tion, and because urinary 7a-hydroxy-DHEA-S was ele-
vated in a number of diseases (46), our findings show that
AD, like other diseases, leads to increased 7a-hydroxy-
DHEA-S production. In most in vitro studies, sulfatase
activity greatly exceeded sulfurylating activity (47), and
whether increments of sulfated steroids in AD resulted
from elevated steroid-sulfotransferase or decreased steroid-
sulfatase activities (Figure 4) is unknown at present.
Recent work provided evidence for memory enhancement
in rats after use of a steroid-sulfatase inhibitor (48), and the
possibility that increased brain concentration of steroid sul-
fates would prevent scopolamine-induced amnesia was
stated. Our findings exclude extension of this statement to
memory loss in AD.

Modifications of serum steroid concentrations in AD
also include an increase of 7a-hydroxy-DHEA FA ester
levels. Acyl-CoA-transferase-catalyzed esterification of
steroids is a well known process (Figure 4). In turn, steroid
FA esters produced in serum and brain (49-51) are sub-
strates for tissular esterases that transform them into free
steroids (52-54). Studies of DHEA FA esters showed that
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7a-hydroxy-OHEA-sutfate

Progesterone
Glucocorticoids

Androgens
Estrogens

7a-hydroxy-OHEA-FA-ester OHEA-FA-ester

Figure 4. Pathways of DHEA metabolism. 1, DHEA-7a-hydroxylase; 2, 3B-hydroxysteroid-sulfotransferase; 3, steroid-3B-sulfate-sulfatase;
4, 3P-hydroxysteroid-acyl-transferase; 5, 3B-acyl-steroid-esterase; 6, 17a-hydroxylase-17,20-lyase; 7, 3B-hydroxysteroid-dehydrogenase; 8, enzymic
action not proved.

concentrations relative to those of its precursor were aug-
mented with age (55), and our findings that a significant
increase occurred in AD suggest that this might be related
to lipoprotein changes in AD (56). Nevertheless, because
7a-hydroxylation was shown to occur directly on DHEA-S
in rat liver (57), the possibility that DHEA-S and DHEA-
FA esters might be 7a-hydroxylated in humans remains an
open question, but would bring no change in our conclu-
sion of total 7a-hydroxylation being augmented in AD
patients.

The measured circulating 7<x-hydroxy-DHEA levels re-
sulted from DHEA 7a-hydroxylation in numerous tissues
and organs, including liver, skin, and brain (19-21,24).
Therefore, contribution of brain to the serum concentrations
was buffered by that of other organs where production, acy-
lation, and sulfatation of the steroid may occur to a larger
extent than in brain. In liver, induction of thermogenic
enzymes (mitochondrial sn-glycerol-3-phosphate dehydro-
genase and cytosolic malic enzyme) was obtained with both
DHEA and 7a-hydroxy-DHEA, which were termed as
"ergosteroids" (58,59). In addition, DHEA and DHEA-S
were shown to induce peroxisomal P-oxidation in rat hepa-
tocytes by activation of peroxisome proliferation and per-
oxisomal (S-oxidation enzymes (60). Therefore, it is possi-
ble that a secondary symptom in AD was activation of
7a-hydroxylation in liver and related alterations of FA
metabolism and peroxisomal enzymes expression leading
to increased production of steroid FA ester derivatives.
Because of their lipophilic properties, the 7a-hydroxy-
DHEA-FA esters could become integrated into brain mem-
branes, and their increased levels may cause changes in
neural tissue plasticity.

In summary, we demonstrated that serum from patients
with AD contained larger amounts of 7a-hydroxy-DHEA
derivatives, particularly sulfate and FA ester conjugates,

than serum from age-matched healthy controls. Mecha-
nisms leading to these changes in AD and their possible
relations with onset of the disease need further investiga-
tion, including studies of liver, skin, and brain contributions
to the productions of 7a-hydroxy-DHEA, 7a-hydroxy-
DHEA-S, and 7a-hydroxy-DHEA-FA esters.

ACKNOWLEDGMENTS

We are grateful to Dr. Ph. Manchon for his help with the Biostal pro-
gram for statistical analysis of data. We wish to thank Prof. F. Dray (Vita-
sterol) and Prof. J. F. Desjeux (Chairman of Biology, Conservatoire
National des Arts et Metiers) who made this work possible through finan-
cial support and by providing equipment and laboratory space.

Address correspondence to Prof. Robert Morfin, Biologie, CNAM, 2 rue
Conte, 75003 Paris, France. :

REFERENCES

1. Watson RR, Huls A, Araghinikuam M, Chung S. Dehydroepiandros-
terone and diseases of aging. Drug Aging. 1996;9:274-291.

2. AndrSsi E, Farkas E, Scheibler H, Reffy A, Bezur L. AI, Zn, Cu, Mn
and Fe levels in brain in Alzheimer's disease. Arch Gerontol Geriat.
1995;21:89-97.

3. Farrar LA, Cupples LA, VanDuijn CM, et al. Apolipoprotein E geno-
type in patients with Alzheimer's disease: implications for the risk of
dementia among relatives. Ann Neurol. 1995;38:797—808.

4. Mrak RE, Sheng JG, Griffin WST. Glial cytokiues in Alzheimer's disease:
review and pathogenic implications. Hum Pathol. 1995 ;26:816-823.

5. Smale G, Nichols NR, Brady DR, Finch CE, Walter E, Horton JR.
Evidence for apoptotic cell death in Alzheimer's disease. Exp Neurol.
1995;133:225-230.

6. Levy-Lahad E, Bird TD. Genetic factors in Alzheimer's disease: a
review of recent advances. Ann Neurol. 1996;40:829-840.

7. Roses AD. The Alzheimer's diseases. Curr Opin Neurol. 1996;6:
644-650.

8. Majewska MD. Neuronal actions of dehydroepiandrosterone: possible
roles in brain development, aging, memory, and affect. Ann NYAccid
Sci. 1995;774:111-121.

9. Robel P, Baulieu EE. Dehydroepiandrosterone (DHEA) is a neuroac-
tive neurosteroid. Ann NYAcadSci. 1995;774:82-110.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/53A/2/B125/571053 by guest on 20 August 2022



INCREASED 7a-HYDR0XY-DHEA IN AD PATIENTS B131

10. Rudman D, Shetty KR, Mattson DE. Plasma dehydroepiandrosterone
sulfate in nursing home men. J Am GeriatrSoc. 1990; 100:1115-1119.

11. Flood JF, Roberts E. Dehydroepiandrosterone sulfate improves mem-
ory in aging mice. Brain Res. 1998; 10:178—181.

12. Flood JF, Morley JE, Roberts E. Memory-enhancing effects in male
mice of pregnenolone and steroids derived from it. Proc Natl Acad Sci
USA. 1992;89:1567-1571.

13. Dodt C, Ditman J, Hruby J, Spath-Schwalbe E, Born J, Schuttler R,
Fehm HL. Different regulation of adrenocorticotropin and cortisol
secretion in young mentally healthy elderly and patients with senile
dementia of Alzheimer's type. J Clin Endocr Metab. 1991;72:272-276.

14. Nasman B, Olsson T, Backstrom T, Eriksson S, Grankvist K, Viitanen
M, Bucht G. Serum dehydroepiandrosterone sulfate in Alzheimer's dis-
ease and in multi-infarct dementia. Biol Psychiatry. 1991;30:684-690.

15. Nasman B, Olsson T, Seckl JR, Eriksson S, Viitanen M, Bucht G,
Carlstrom K. Abnormalities in adrenal androgens, but not of glucocor-
ticoids, in Alzheimer's disease. Psychoneuroendrocrinology. 1995;20:
83-94.

16. Stdrka L, Kutova J. 7-hydroxylation of dehydroepiandrosterone by rat
liver homogenate. Biochim Biophys Acta. 1962;56:76-82.

17. Akwa Y, Morfin R, Robel P, Baulieu EE. Neurosteroids metabolism:
7a-hydroxylation of dehydroepiandrosterone and pregnenolone by rat
brain microsomes. BiochemJ. 1992;288:959-964.

18. Morfin R, Courchay G. Pregnenolone and dehydroepiandrosterone as
precursors of active 7-hydroxylated metabolites which increase the
immune response in mice. J Steroid Biochem Mol Biol. 1994;50:
91-100.

19. Doostzadeh J, Morfin R. Studies of the enzyme complex responsible
for pregnenolone and dehydroepiandrosterone 7a-hydroxylation in
mouse tissues. Steroids. 1996;61:613-620.

20. Sulcova" J, Capkova A, Jirdsek JE, Starka L. 7-Hydroxylation of dehy-
droepiandrosterone in human foetal liver, adrenals and chorion in
vitro. Acta Endocrinol. 1968;59:l-9.

21. Sulcovd J, Jirdsek JE, Carlstedt-Duke J, St&rka L. 7-Hydroxylation of
dehydroepiandrosterone in human amniotic epithelium. J Steroid
Biochem. 1976;7:101-104.

22. Stapleton G, Steel M, Richardson M, Mason JO, Rose KA, Morriss
RGM, Lathe R. A novel cytochrome P450 expressed primarily in
brain. J Biol Chem. 1995;270:29739-29745.

23. Rose KA, Stapleton G, Dott K, Kieny MP, Best R, Schwartz M, Rus-
sell DW, Bjoerkhem I, Seckl JR, Lathe R. Steroid modification in
brain: hydroxylation of pregnenolone and DHEA by the novel
cytochrome P450, Cyp7b. J Endocrinol. 1997;152:P280.

24. Khalil MW, Strutt B, Vachon D, Killinger DW. Metabolism of dehy-
droepiandrosterone by cultured human adipose stromal cells; identifi-
cation of 7a-hydroxydehydroepiandrosterone as a major metabolite
using high performance liquid chromatography and mass spectrome-
try. J Steroid Biochem Mol Biol. 1993;46:585-595.

25. Morfin R, DiStSfano S, Charles JF, Floch HH. Precursors for 6£- and
7a-hydroxylation of 5a-androstane-3B,17B-diol by human normal
and hyperplastic prostate. Biochimie. 1977;59:637-644.

26. Warner M, Stromstedt M, Moller L, Gustafssson jA. Distribution and
regulation of 5a-androstane-3B,17($-diol hydroxylase in the rat central
nervous system. Endocrinology. 1989; 124:2699-2706.

27. Morfin R, Calvez D, Malewiak MI. Native immunoactivating steroids
interfere with the nuclear binding of glucocorticoids. In: Ninth Inter-
national Congress: Hormonal Steroids Proceedings, Dallas, TX 1994,
D103.

28. Skinner SJM, Tobler CJP, Couch RAF. A radioimmunoassay for 7a-
hydroxydehydroepiandrosterone in human plasma. Steroids. 1977;
30:315-330.

29. Skinner SJM, Holdaway IM, Mason BH, Couch RAF, Kay RG. Estro-
gen receptor status, adrenal androgens, and 7a-hydroxydehydroepi-
androsterone in breast cancer patients. Eur J Cancer Clin Oncol.
1984;20:1227-1231.

30. Girault J, Istin B, Fourtillan JB. A rapid and highly sensitive method
for the quantitative determination of dexamethasone in plasma, syn-
ovial fluid and tissues by combined gas chromatography/negative ion
chemical ionization mass spectrometry. Biomed Environ Mass Spec-

Urom. 1990; 19:295-302.
31. Uzunov DP, Cooper TB, Costa E, Guidotti A. Fluoxetine-elicited

changes in brain neurosteroid content measured by negative ion mass
fragmentometry. Proc Natl Acad Sci USA. 1996;93:12599-12604.

32. Roudier M, Marcie P, Podrabinek N, Lamour Y, Payan C, Fermanian
J, Boiler F. Cognitive functions in Alzheimer's disease: interaction of
cognitive domains. Dev Neuropsychol. 1991 ;7:231 -241.

33. Panisset M, Roudier M, Saxton J, Boiler M. Severe Impairment bat-
tery: a neuropsychological test for severely demented patients. Arch
Neurol. 1994;51:41-45.

34. Folstein MF, Folstein SE, McHugh PR. "Mini Mental State": a practi-
cal method for grading the cognitive state of patients for the clini-
cians. J Psychiat Res. 1975; 12:189-198.

35. American Psychiatric Association. Diagnostic and Statistical Manual
of Mental Disorders. Washington, DC: American Psychiatric Associa-
tion; 1987.

36. McKhann G, Drachman D, Folstein MF, Katzman R, Price D, Stadlan
EM. Clinical diagnosis of Alzheimer's disease: report of the
NINCDS-ADRDA work group under the auspices of the department
of health and human services task force on Alzheimer's disease. Neu-
rology. 1984;34:939-944.

37. Corpechot C, Synguelakis M, Talha S, Axelson M, Sjovall J, Vihko R,
Baulieu EE, Robel P. Pregnenolone and its sulfate ester in the rat
brain. Brain Res. 1983;270:l 19-125.

38. Burstein S, Lieberman S. Hydrolysis of ketosteroid hydrogen sulfates
by solvolysis procedure. J Biol Chem. 1958;233:331-335.

39. Khalil MW, Strutt B, Vachon D, Killinger DW. Effect of dexametha-
sone and cytochrome P450 inhibitors on the formation of 7a-hydroxy-
dehydroepiandrosterone by human adipose stromal cells. J Steroid
Biochem Mol Biol. 1994;48:545-552.

40. Swaab DF, Raadsheer FC, Endert E, Hofman MA, Kamphorst MA,
David R. Increased cortisol levels in aging and Alzheimer's disease
in postmortem cerobrospinal fluid. J Neuroendocrinol. 1994;6:
681-687.

41. Keenan PA, Jacobson MW, Soleymani RM, Newcomer JW. Com-
monly used therapeutic doses of glucocorticoids impair explicit mem-
ory. Ann NY Acad Sci. 1995;761:400-402.

42. Akwa Y, Sananes N, Gouezou M, Robel P, Baulieu EE, LeGoascogne
C. Astrocytes and neurosteroids: metabolism of pregnenolone and
dehydroepiandrosterone: regulation by cell density. J Cell Biol. 1993;
121:135-143.

43. Alzheimer, A. Uber eine eigenartige erkankung der hirnrinde. Allg Z
Psychiatry. 1907 ;64:146-148.

44. Khachaturian ZS. Diagnosis of Alzheimer's disease. Arch Neurol.
1985;42:1097-1105.

45. Hardy JA, Higgins GA. Alzheimer's disease: the amyloid cascade
hypothesis. Science. 1992;256:184-185.

46. Stirka L, Sulcovd J, Silink K. Die harnausscheidung von 7-hydroxy-
dehydroepiandrosteronsulfat. Clin ChimActa. 1962;7:309-316.

47. Couch RAF, Skinner SJM, Tobler CJP, Doouss TW. The in vitro syn-
thesis of 7-hydroxydehydroepiandrosterone by human mammary tis-
sues. Steroids. 1975;26:1-15.

48. Li PK, Rhodes ME, Burke AM, Johnson DA. Memory enhancement
mediated by the steroid sulfatase inhibitor (/>-o-sulfamoyl)-/V-tetrade-
canoyl tyramine. Life Sci. 1997;60:45-51.

49. Vourc'h C, Eychenne B, Jo DH, Raulin J, Lapous D, Baulieu EE,
Robel P. A5-3B-Hydroxysteroid acyl transferase activity in the rat
brain. Steroids. 1992;57:210-215.

50. Lavallee B, Provost PR, Roy R, Gautier MC, Beianger A. Dehy-
droepiandrosterone-fatty acid esters in human plasma: formation, transport
and delivery to steroid target tissues. J Endocrinol. 1996; 150:S 119-S124.

51. Provost PR, Lavallee B, BeManger A. Transfer of dehydroepiandros-
terone- and pregnenolone-fatty acid esters between human lipopro-
teins. J Clin Endocr Metab. 1997;82:182-187.

52. Kishimoto Y. Fatty acid esters of testosterone in rat brain: identifica-
tion, distribution, and some properties of enzymes which synthesize
and hydrolyze the esters. Arch Biochem Biophys. 1973; 159:528-542.

53. Lee FT, Adams JB, Garton AJ, Yeaman S. Hormone-sensitive lipase is
involved in the hydrolysis of lipoidal derivatives of estrogens and
other steroid hormones. Biochim Biophys Acta. 1988;963:258-263.

54. Roy R, B61anger A. ZR-75-1 breast cancer cells generate non-conju-
gated steroids from low density lipoprotein-incorporated lipoidal
dehydroepiandrosterone. Endocrinology. 1993; 133:683-689.

55. Belanger A, Candas B, Dupont A, Cusan L, Diamond P, Gomez JL,
Labrie F. Changes in serum concentrations of conjugated and uncon-
jugated steroids in 40- to 80-year-old men. J Clin Endocr Metab.
1994;79:1086-1090.

D
ow

nloaded from
 https://academ

ic.oup.com
/biom

edgerontology/article/53A/2/B125/571053 by guest on 20 August 2022



B132 ATTAL-KHEMIS ET AL.

56. Sheng JG, Mrak RE, Griffin WST. Apolipoprotein E distribution among
different plaque types in Alzheimer's disease: implications for its role in
plaque progression. Neumpathol Appl Neurosci. 1996,22:334-341.

57. Stdrka L, Sulcovd J, Dahm K, Dbllefeld E, Breuer H. 7a-Hydroxyla-
tion of A5-pregnenolone and of its conjugates by rat-liver micro-
somes. Biochim BiophysActa. 1996; 115:228-230.

58. Lardy H, Kneer N, Bellei M, Bobyleva V. Induction of thermogenic
enzymes by DHEA and its metabolites. Ann NY Acad Sci. 1995;
774:171-179.

59. Lardy H, Partidge B, Kneer N, Wei Y. Ergosteroids: induction of ther-
mogenic enzymes in liver of rats treated with steroids derived from
dehydroepiandrosterone. Proc Natl Acad Sci USA. 1995;92:6617-6619.

60. Yamada J, Sakuma M, Suga T. Induction of peroxisomal P-oxidation
enzymes by dehydroepiandrosterone and its sulfate in primary cul-
tures of rat hepatocytes. Biochim Biophys Acta. 1992; 1137:231 -236.

Received My 24, 1997
Accepted November 11, 1997

Call for Nominations

The PGC Polisher Research Institute Award of
The Philadelphia Geriatric Center

The Gerontological Society of America invites nominations for
The PGC Polisher Research Institute Award of The Philadelphia Geriatric Center to honor contributions from

applied research that have benefited older people and their care.

The award is presented annually at the Annual Scientific Meeting of The Gerontological Society of America. The
awardee will receive a $2500 cash prize and may also qualify for expenses for travel to the annual meeting.

Purpose

The award recognizes a significant contribution in gerontology that has led to an innovation in gerontological treat-
ment, practice or service, prevention, amelioration of symptoms or barriers, or a public policy change that has led to
some practical application that improves the lives of older persons.

Eligibility

The award may be given to a person from any discipline who has made such a contribution to applied gerontology.
Nominations must be made or endorsed by a member of The Gerontological Society of America although nominees
need not be members of GS A.

Nominating Process

Contact GSA's Awards Coordinator at 202/842-1275 or FAX 202/842-1150 for a list of criteria and a Nomination
Form to be submitted with appropriate accompanying materials to:

Awards Coordinator
c/o GSA, Suite 350
1275 K Street NW

Washington, DC 20005-4006

Nominations must be received by May 8,1998.
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