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Disclosed are improved pharmaceutical formulations comprising dehydroepiandrosterone (DHEA), enriched in selected polymorphic
forms, for therapeutic applications. In one embodiment, the formulation comprises, in solid form, DHEA, at least 85% of which is present
as a single polymorph selected from the form I polymorph or the form II polymorph, and at least one pharmaceutical excipient. Methods




Background of the |nvention Dehydroeplandrosteronegﬁgﬁgﬁpmagyso
known as 3‘%@N%5ﬁ9%roxyandrost 5-en-17-one dehydroi so sterone,
trans- dehydroandrosterone A5- androsten-3-f3-o0l -17-one, and prasterone, is
a 35 naturally occurring internediate forned in the course of synthesis
of various steroids from Coingros phif Method he nost abundant
ster0|d hornone in humans and is produced mainly by the

adrenal cortex as an inactive sulfate ester (DHEA-S). DHEA
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Pat ent No. 5, 846, 962), osteoporosis (U S. Patent Nos. 5,846,960 and

5 855, 54References fi br onyal gi a (U.S. Patent No. 5,935,949). DHEA can
m ni st b anl 10 The

phar coki n‘g{lfcbg %ﬂyexogﬁgjs{}{/ﬂg{iy&w %3%3bmﬁare conpl i cated by

endogenous Barker, E.Yr @@l ¢ Enduarindlogy- 134982989 Y1998k reversi bl e i nterconversion
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cortisol, vﬁmgah %&’H‘ly Hf‘ﬂf"f?ge‘ﬁa‘?ﬁ‘mmglqé%(@ééh ning levels through the

daytygme,  andl kTR acd ¥l OC N 2ol Vrlindchl, w4551 yiopyr t of the night (van

Cauter, 199 eline etal 1979; Yen et a. 1995) . Bot h

DHEA and DI-@X,S Jamealbmcbytaé!@ruﬁﬁ@m&ﬁﬁﬁ a90bbul ins, and steroidal sex
hor nbne . f ?‘“‘3 |é}gdg ,i‘caﬁi'v.?éz @ﬁ-;ﬂlggsﬁ_'ggz Longcope 1995). Only
rac

a smal | orar m ni ster EA appears in the bl ood at
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Pergamon Press, Oxford, U.K. (1971).
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Orentreich, N. et al., J. Clin. Endocrinol. Metab. 59:551-555 (1984).
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Background of the Invention
Dehydroepiandrosterone (DHEA), also known as 3-beta—hydroxyandrost—5-en—17—one

dehydroisoandrosterone, trans-dehydroandrosterone, A’-androsten-3-B-ol-17-one, and prasterone, is a
35  naturally occurring intermediate formed in the course of synthesis of various steroids from

cholesterol. DHEA is the most abundant steroid hormone in humans and is produced mainly by the



estradi ol . Adi pose tissue may serve as a substantial reservoir for adrenal”
andr ogens. Wh@0/34363 ar onati zati on of DHEA in peripheral ti ssm:misnommﬂght
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of a dr t ficacy. has he reported
Chat O Herchialefls Bndd ORI e P UTHER 9. DREA bibAiRon ubq i 3RS 4R
pol ynor pivardesf andisraian d\fiet adhievirg at;ﬂatexm level duruigﬂﬂﬁhdmthéodr(m 1dep2h)dtoty O n

envi r onnent on manner e 0 an t al
T095) - FRETUBER (afEA SRl ERh e R dri o Bonts o L0 T b s B tdie
basi s of7gi(Ofenitéichl ez al., 1934~;pect roscopy and povvder diffraction anal ysis,
excegt that forns S3 and are indistingui shabl e using the latter

met héd (i b.W@AWBmétf@dxw in tseating manyynedignd conditions, sughras syistenajp Tupus

i ndi cat rmd@ d herein
as for m%@"‘{"% | ch I'S r‘?ﬁ,’tn}alg?a FPf gy sorpﬁ%yst ate lﬁﬁt{ﬁcfeﬂ{y ) -'Spa&%g{wgby

i nfrar ed,8p381)x addispns discase (ikig.) rodured libido (U Sc Patent Non §185§548), 8besity (U.S.

Al thougl, DhER 5@ h), WbSpoldsRTus. FalenPiuds. 87ad8 SBTELLS, Bhs, S 6 ordulb i

3 (U.Ss Pgemma: 3(935)549). IDHBA ciaiﬂbé Bdmhinistefed by varidls Govtesana 3§ dralnctiviyhi ch
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.. conpri splasgpa DHEA ageur\ini payeltal mmpmmq@mz valh ahgady meGHsguhaxiimh i s

D S By W 8 o il ) 525 S B RGR Hh pe
pol ynor Gduterni996; padaélmeaebhy %% Yemet alp3®95pr ef erably greater than 99% The -
covent| ar 18 PHEA e DREAEES bAp AR B0k sl und BRSNS B0 oy g0
I ncl udesindihgglomsinqMeikle)e @f | $992¢ Ibnytope; 1995)a qmned sdicfedctionof drallynadnihistersd
COMDT | S ek Bl 0 S e gk PSS po oA DR BA Y o
| eamt QAftoteunsteraSesDITERG liver aﬁﬂ%&ﬁ‘ étfc dsiiRs {Burker) 19990CHE, P¥92; Falany, 1995;€
prefer %Jlt%Q%%%DﬁEﬂ-ng E(EHVE;IOGJ back to ﬁH%Aeb%rt peezi'lp}gqul rtlxss?lgs gﬁ)nmmng DHEA sulfatases,
including lymphocytes and macrophages. DHEA is subsequently metabolized to androstenedione as
well as the potent androgens, testosterone and dihydrotestosterone, and the estrogens, estrone and
estradiol. Adipose tissue may serve as a substantial reservoir for adrenal androgens. The
25  aromatization of DHEA in peripheral tissue is thought 'tb account for the majority of estrogen
biosynthesis in postmenopausal women (Grodin et al., 1973). N
The bioavailability of a drug can play an important role in its efﬁcacy.' It has been reported that
DHEA occurs in at least three and as many as five anhydrous polymorphic forms and at least three
hydrated forms, depending on environmental conditions and the manner of preparation (Chang et al.,
30  1995). The known forms have been reported to be distinguishable on the basis of infrared
spectroscopy and powder diffraction analysis, except that forms S3 and $4 are indistinguishable using
the latter method (ibid.). Work conducted in support of the present in_vention indicates the existence
of a sixth anhydrate form designated herein as form VI, which is detectable by solid state NMR but
not by infrared spectroscopy or x-ray powder diffraction analysis.

35  Although DHEA is available from a variety of commercial sources, these materials show



Al so ‘i ncl uded are har maceuti cal formnul ati ons conprising DH 85
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bi 0avai| alatd hrbitraBly dBGAanRbsl préRribly lgRBNHAMORPON the pol yror phic

conposi tion ] hese and other objects_ and features
of the i nveAlsooncludet laretphatyaaceetical forralations gomprisinegPHEAs aklpast 85% of which is

foll ow ng description,. ' thiehd Scididle. PreddtatigSat least
Fi gur es ﬁre&‘wgaithg 5an oo %rglé’lﬁnﬁggiaeg{tgsté% ser ui?n&cor(lnentrati_onssaoilc BREA
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The invention also includes a method for preparing a capsular or tablet formulation of DHEA.
In the method, at least one solid pharmaceutical excipient is mixed with DHEA, at least 85% of
which is present as a single polymorph selected from form I and form II, and the solid formulation is

25  either placed in a capsular container suitable for oral delivery or compressed to form a tablet.

In another aspect, the invention inc_ludes a method of administering DHEA to a subject to obtain
an ameliorative result, wherein a pharmaceutically acceptable amount of DHEA is administered such
that at least 85% of the DHEA is present as a single polymorph selectéd from form I, form II, and
form VI, and preferably selected from forms I and II. These methods are useful for treating a variety

30  of medical conditions, such as systemic lupus erythematosus, loss of bone denSity,. osteoporosis,

chronic fatigue syndrome, or fibromyalgia, or in DHEA replacement therapy.

The invention also includes a method for controlling the bioavailability of a DHEA formulation.
In the method, a therapeutically effective amount of a DHEA formulation is administered to a subject,
where the DHEA in the formulation consists of a preselected, known ratio of DHEA polymorphs.

35 The compositions and methods are useful for achieving more uniform bioavailabilities in DHEA



respectively, in human subjects on days 7 to 10 of a nultidose study,.
starting aWOROB4F3urs prior to ~dosing on day 7, usinBCDRtS#0/06987
formul ati ons, as described below, conta#ning a m xture of forns |, I|I :

and VI (forpyl ation 3) or, re forml, (formulation 4),, 15 Det ai | ed
Doscr 1 parBhetgee thid VA AT boen achicvad, i SRBACH SRt Sppliahs discovery that -y C

pr esent bjoavadabilig of DHEA i @b édependaitaipomie polymaiphidfcompssitiondf he WHEHAIEA havi ng
nore . consj stent bi oavail abilities and.pharmacokinetic properties
than prepaFBese arisotherpbjegtsiand fratugss of gheipyention will bejbgterundesstood in lighteofshgyect |
t-he i nvgbwRR desridiidgiect ed to pharnmaceutical conpositions conprising DHEA 20
such thg)'?l ‘gitﬁgl'earsl 685:% preferably at |east 90% and nore preferably at

| east 95%t 0 99% of .t he _ DHEA is present as the form| pol ynorph.
Such coBriefdéscriptionofithdDrawiagyd upt ake by the G tract ©~upon oral

adm ni stragion, . sh ood t her gpeut.i ctivity, apd ar | ghl b] e under
anbi ent . FIBUIeS &B‘Wg%}ﬁ’ ‘.’a“q’aseq}%e aé]“&‘fﬁﬁn%?ﬂ"ﬁ@mﬂ%é%ﬁé%@‘%ﬁéé& 0N is

di r ect edsgettivelja i Mmpim shbjedts GPEPRIokisREr fe6ing & kingle BblsAf DHEA Gutulddeat:, at

| east 85% prefer_ably at least 90% and nore preferably at: | east 95%to 99%
of the 2 or 3, as desevibaddelowd soniaining diffegent proporkipnsof DA forms & M iand ¥E#8di t i ons
exhighit g : : mn1’cﬂ: Pt i a rapid
ra’ti g of agg r’%‘ﬁ gﬁr%ﬂ% gl\régtar?%rn gta%%l%@ﬁ%mfd os F' m -8%17“95 ngdrngﬁe and %dgg%h E&L-S’

t her apeaipedivalyt inivmanp sehjertsaoredays 2 ¢o 10 oftd multidade studyristasting at @rfdlioursoior to

or ovi aion oo 90T SRk FREK orulshlel e ool Bt BB st PR Dt 1y

comrer Gind MI Yfonndaticald) er pmeierai I (foamildtien4)1g r andom pol ynor phi c _
conpositions. Conpositions simlarly enriched in formVl are al so

cont enpl at ed. . A Preparation of DHEA Pol ynor phs DHEA .
i s IRnoetatled Des S InyeIdtques such as x-ray diffraction, infrared '
(IR SReHHES PAMho and differential scanning calorinetry (DSC), to

occur in~Several drfterent hydrate and anhydrate crystal 35 fornms. The
anhydr at e The presenit fryPRiion i direeted|to pharmageptical propazpiipny/of BHEAMyINgmIREe | at'ter two’

| RakiciRlevaipiie o phammscoknrde prpepie ap premmons xsiape i .
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DHEA is present as the form I polymorph. Such compositions exhibit good uptake by the GI tract
upon oral administration, show good therapeutic activity, and are highly stable under ambient
- conditions. | |
In another aspect, the invention is directed to pharmaceutical compositions comprising DHEA
25  such that at Jeast 85%, preferably at least 90%, and more preferably at least 95% to 99% of the
DHEA is present as the form II polymorph. Such compositions exhibit good uptake by the GI tract
upon oral administration; a rapid rate of absorption (greater than the form I polymorph) and good
therapeutic activity, and are also stable undér'ambiént conditions.
Compositions thus enﬁched in form I or form II, as described herein, provide more predictable
30  pharmacokinetic profiles than are provided by commercially available compositions having random
polymorphic compositions. C.or.npositions similarly enriched in form VI are also contemplated.
A. Preparation of DHEA Polymorphs
DHEA is known, via analytical techniques such as x-ray diffraction, infrared (IR) spectroscopy,
and differential scanning calorimetry (DSC), to occur in several different hydrate and anhydrate crystal
35 forms. The anhydrate forms include forms 1, II, III, IV and V, although the latter two forms have been
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step) f rshewddsthitpRiubOprepatéd totils nfethod consistedhofymineoit neatly piingi(P9%)dorm Eaom S1
can _be obtained by crystall] éi on in nethylene chloride under 30 _
condPt | (9”?’8?"“50’-"6%‘1@%:‘1‘@1% é‘g ’TJM%Pdi ty, or by grinding with nethanol for -
30 mi nut es sy Righlyknyich&l for form I1 £V U8 obtairked by 38bid ER@ENREOR o YetraRydrofdahi ON
in 40 % ethanol or distilled water, or by slow evaporation | in_ '
acet oni t(FHFk dioxars, shlerofemmon mixpesaf chlogpformpnd FIF Examplg 4 psevidasaspecdlic py
repl aci ?%cgaﬁb 0} Uy staljization B THEE Syiith ﬁodﬂ%&&‘é‘BﬂJdu&?b&Wx?@} x%ggﬁ&rr m S4)

with water under conditions of 60%  relative hum di mS4 (1/2
met hanodiffredtiop ambépureifersi Hed by cool i ng a net hanol sol uti on of DHEA :

éﬂg%% | g[‘aglq%?e( fgﬁé@&%‘%‘ UiSBe prdbarld SBNWY ¥Ah RS0 R BIRER BF aCRNaBSh 3URE ' N
S3 or S4 at room temperature under vacuum. Form VI can be obtained in pure form, or as a mixture
with form I, by crystallization of crude DHEA (prepared by saponification of DHEA acetate, as
described in Example 1, without the methanol récrystallization step) from isopropanol, without a
subsequent slurrying step. Form S1 can be obtained by crystallization .in methylene chloride under

30 conditions of 50-60% relative humidity, or by grinding with methanol for 30 minutes and air drying.
Form S2 can be prepared by crystallization in 40% ethano! or distilled water, or by slow evaporation
in acetonitrile, acetone, ethyl acetate, or THF. Form S3 can be prepared by replacing methanol
molecules of a methanol haif-solvate (form S4) with water under conditions of 60% relative humidity.
Form 84 (1/2 methanolate) can be obtained by cooling a methanol solution of DHEA. Additional

35  procedures for preparing various polymorphs can be found in Chang et al. (1995).
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Table 1 summarizes the distinct reflections found for each polymorph. The relative amounts of
25  each polymorph in a DHEA sample can bé determined by'integrating peak heights or peak areas of
reflections that are uniqué to éach DHEA polymorph in the sample, according to standard quantitative
x-ray methods, with integration of peak areas generally being preferred.
The diffre;ctograms for the form I sample were found to be the same as for the form I/VI
" mixture, indicating that x-ray diffraction alone can quantify only the sum of these polymorphs. The
30 level of one or the other form must be independently measured by another technique, preferably solid

state NMR, as described below.
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t he @ri S | ymor phs exhi bit uni que resonance shifts in the regi ons
of 10- 18%%‘??|’0W field) and 115-124 ppm (high field) (ppmrelative to
adamant ane) For measuring polymorphic content of DHEA in pharmaceutical formulations containing

additional materials such as pharmaceutical excipients, reflections arising from the additional
materials can be subtracted out by calculating a difference pattern from diffractograms of such

additional materials in the presence-and absence of the DHEA.

'B2. Solid State NMR (SSNMR)

Solid state *C-NMR can also be used to detect and quantify polymorphs or crystalline substances
and is a more sensitive technique than XRPD. However, as it is an expensive and time-consuming

procedure, it is not routinely used. In the studies described herein, BC-SSNMR was required to

15

distinguish forms I and VI of DHEA, as noted above.
20 Unique resonance peaks that can be used to quantify polymorphs I, II, V1, and S1-S4 are
provided in Table 2. In general, the various polymorphs exhibit unique resonance shifts in the
regions of 10-18 ppm (low field) and 115-124 ppm (high field) (ppm relative to adamantane).
However, because some of the peaks overlap in the low field region, the high field region generally

provides better quantitative results.
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established that there is good agreement for polymorph determmanons by SSNMR and x-ray
diffraction.

B3. Infrared Spectroscopy _
Infrared spectroscopy provides yet another method for determining polymorph content of DHEA
15  compositions. Details of this technique can be found in Chang ef al. (1995). However, like x-ray
difffac_tion, it appears that this technique does not distinguish form I from form VI. |

C. Stability of DHEA Form I and Form II _ |
A 14-day stress study monitored by XRPD showed that, at ambient temperature and 50°C, both

20 form I and form II of DHEA are stable to solid form conversion for two weeks at relative humidities
(RHs) as high as 84%. The 14-day data, given in Table 3, shows that Form I is stable for tWo_ weeks
at ambient temperature and 95% RH. However, form II is converted to S2 under these conditions.
At 50°C and 95% RH, form I is converted to S2; at 50° and at RH of 75% or greater, form II is
partially converted to S1. Little weight gain (<0.8%) is observed in these salﬁples. (Weight losses

25  observed at 50°C could be due to loss of residual solvent, sublimation of sample, and/or thermal
degradation.) '

After one, two, three, and six months at either 25°C / 58 % RH or 40°C / 75% RH, form I

remained stable to solid form conversion, as shown in the Table.
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1I. Formulation and Administration
Formulations containing the DHEA compositions of the invention may be provided in various
10  dosage forms, such as, for example, tablets, capsules, powders, controlled-release formulations,
suspensions, emulsions, suppositories, creams, ointménts, lotions, or aerosols, and are preferably
provided in solid dosage forms suitable for simple administration of precise dosages.
The compositions typically include a conventional pharmaceuﬁca] carrier, or excipient, and may
additionally include other medicinal agents, carriers, adjuvants, and the like. Preferably, thé
15  composition will contain about 0.5% to 75% by weight, and more preferably about 5% to 25% by
weight, DHEA, with the remainder consisting of suitable pharmaceutical excipients. For oral
administration, such excipients may include pharmaceutical grades of lactose, mannitol; starch,
magnesium stearate, sodium saccharine, talcum, cellulose, glucose, gelatin; sucrose, magnesium
carbonate, and the like.
20 Conveniently, the formulations of the invention can be administered orally, e.g., by capsule or
tablet, for rapid uptake in the blood stream and distribution to various compartments of the body.
The amount and frequency of admixiistration will vary, depending on the patient and on the

therapeutic application as detailed further below. In another approach, solid formulations can be
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_ INI. Pharmacokinetics . _ _
20 As the data below demonstrate, DHEA formulations enriched fdt'polymorph form I or form II
are both absorbed well in vivo and are therapeutically actlve The apphcants have further discovered

ey
i

- that commercially available supphes of DHEA can vary significantly in their polymorphic
compositions, potentially resulting in significant variations in therapeutic bioavailability and efficacy.
These problems are overcome by the bresent invention; which pro?ides DHEA formulations of
25  known composition having more reliable therafiéutic properties, particularly consistent bioavailability.
A. Single Dose Study |
Example 2 describes a study in which 34 healthy postmenopa.lsal women were administered
orally one of three formulations of DHEA, each prepared from- commerc1a]ly available DHEA, in
capsular form. The formulations were administered in single dosages of four opaque, size 2
30 capsules, each capsules containing 50 mg DHEA, 152 mg lactose (169 mg for formulation 3), 108
mg corn starch, and 3 mg magnesium stearate. -
The polymorphic compositions of the formulations differed as summarized in Table 4 below.
'Formulation 1 contained 82% form I, 0% form II, and 18% form VI, while formulation 2 contained
22% form 1, 44% fohn II, and 33% form VI (by SSNMR). Formulation 3, fairly similar to
35  formulation 2, contained 18% form I, 43% form II, and 39% form VI. The average particle sizes in
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average particle’sizes in
20 The profiles for DHEA-S showed similar patterns. All formulations reached a maximum

concentration after about three hours, showing that DHEA was converted rapidly.to its major
metabolite, the sulfate form. The shapes of the profiles were also very similar, except that formulation
1 showed consistently lower levels of DHEA-S than formulations 2 and 3, consistent with the results
for DHEA shown in Fig. 1. The results show again that formulation 1 appears to have a lower
25  Dbioavailability than formulations 2 and 3.
The estimated mean pharmacokinetic pararrleters (see Example 1) from this study are presented in
Tables 6 and 7 below. AUC (area under curve) is an indicator of extent of absorption; Cpay and Tpa, are

indicators of rate of absorption. Serum DHEA concentrations for all samples were above the assay
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B. Mu]ﬁple Dose Study
Exampl;:' 3 describes an open-label, randomized, three period crossover pharmacokinetic study in
15  which 39 healthy postmenopausal women were administered orally one of two formulations of DHEA e
in capsular form. The formulations were administered in single dosages of four opaque, size 2
capsules, each capsule containing 50 mg DHEA, 152 mg (Formulation 4) or 169 mg (Formulation 3)
‘lactose, 108 mg corn starch, and 3 mg magnesium stearate. The DHEA polymorph composition of
formulation 3 was as shown in Table 4 above ( 18% form I, 43% form II, and 39% form VI by
20 SSNMR). Formulation 4 contained substantially pure ("100%) form I DHEA, prepared by methods
described herein.
Dosages were administered at the same time each moming of each of two seven-day study periods,
separated by a seven-day washout period. Serum samples were obtained five minutes prior to dosing
on days 1 to 6, for measurement of trough levels of DHEA and DHEA-S. On day 7 of each study
25  period, serum samples were obtained 30 minutes prior to dosing, then at various time intervals up to 72
hours post dosing, and the levels of DHEA and DHEA-S were measured by immunoassay, as described
in Example 3.
Tables 8 and 9 show baseline-adjusted phamacokingﬁc parameters AUC, 44145 (extent of
absorption), Trua and Cpy, (rate of absorption) for the two formulations. The AUC,44.465 value

30 represents a single dosing interval (day 7), as is standard for multidose studies.
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2.68 (0. 72) Time plots- of Zhe( 1evéls’of DHEA add BHEALS/fdm 0.5 hours before dosing on day 7 through
day 10, are shown in Figs. 3 and 4, respectively. Again, the plots show that, while both formulations
are absorbed rapidly, formulation 3, having a high proportion of form II, is absorbed more rapidly and

15  appears to have a higher bioavailability than formulation 4, containing pure form I.

IV. Bioequivalence in DHEA Formulations
In one aspect, the invention is directed to methods of controlling bioavailability of DHEA

formulations and achieving bioequivalence between different formulations. For example, different

20 DHEA formulations containing DHEA and excipients in the same proportions may be prepared from
different batches of DHEA and thus may exhibit different bioavailabilities in vivo. As discussed above,
it has been found by the inventors that, because DHEA preparations can vary significantly in their
polymorph compositions (1) from different suppliers, and (2) from batch to batch from the same
supplier, pharmaceutical formulations prépaned from commercially available supplies of DHEA can

25  vary significantly in their in vivo bicavailabilities.

The invention also includes a method for controlling the bioavailability of a DHEA formulation.

In the method, a therapeutically effective amount of a DHEA formulation is administered such that the
formulation comprises a preselected, known ratio of DHEA polymorphs. That is,a DHEA fdrmulation
is prepared having known proportions (and amounts) of one or more DHEA polymorphs, e.g., by using

30  appropriate crystallization conditions as discussed above, or by mixing appropriate amounts of the

desired polymorphs. The polymorphic ratio can be selected to provide a desired bioavailability of the
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3 For nLibsabf bohedensity, as in osteoporosxs or osteopenia, canfasobg tredt¢cewitl) DHEA (see, for 1.04

o ( 034?2)&5@1@ lgabrxe égsﬁ% %I): '5,776,923), with a typical dose being Lbou{ 212 mé&g 2ia11y DHEA is
also effective for treatment of chromc fatxgue syndrome or ﬁbromyalgla, see, for example, White, U. S.
20  Patent No. 5,935,949. , _ '
Other conditions of interest s_md suggested dosages are summarized in the Table below. As
always, optimum dosages, and frequency and duration of 'tr'eatment,' may vary among individual
subjects and can be determined by methods known to persons skilled in dxe art.

25 ' Table 10: Selected Conditions Treatable with DHEA
Condition or Treatment - | Recommended Reference
Dosage, daily _ _

Inhibition of platelet | 100 —2000 mg D.M. Eich et al.,
aggregation (e.g. stroke, U.S. Patent No. 5,110,810
restenosis) _ : 3 :
Mild depression ' 15-150mg . A.J. Morales et al.,
| U.S. Patent No. 5,407,927
Chronic renal failure 400-1600 mg W. Walser, U.S. Patent No. 5,591,736
Ischemic injury '2-~50 mg/kg R.A. Daynes et al.,
(e.g. stroke, trauma) . U.S. Patent No. 5,635,496
Post-reperfusion injury | 2200 mg/kg B.A. Araneo et dl.,

| | U.S. Patent No. 5,846,963
Reduced libido "15~-50mg/kg F. Labrie, U.S. Patent No. 5,855,548
Pulmonary hypertension ~ | 2~50mg/kg | B.A. Araneo et al.,

" U.S. Patent No. 5,753,640
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15  are not intended in any way to limit the invention.

EXAMPLES
Materials and Methods .
X-Ray Powder Diffraction (XRPD). XRPD analyses were carried out on a Siemens D-500 X-ray
20  Powder Diffractometer-Kristaloflex or a Shimadzu XRD-6000 X-ray powder diffractometer using Cu
Ko radiation (1.5406 A). - '
The Siemens instrument was equipped with an IBM-compatible interface and utilized DIFFRAC
'AT software (SOCABIM, 1994). Slits I and I were set at 1° and the radiation was electronically
filtered by a Kevex Psi Peltier cooled silicon detector with slits III at 1° and I'V at 0.15°. A continuous
25  theta-two theta scan at 6°/min (0.4 sec/0.04° step) from 4 to 40 °20 was used. A silicon standard was
analyzed each day to check the instrument alignment. Each sample was prepared by pressing a small
amount of the powder onto a zero-baékground quartz-in-aluminum sample holder.

The Shimadzu instrument was equipped with a fine-focus X-ray tube. The tube power was set at
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were used. The magic angle was- ad_lusted using 1 the Br s1gnal of KBr by detectmg the side bands as

described by Frye and Maciel, 1982. The chemical shifts were referepced externally to the CH

resonance of adamantane at 29.50 ppm. Curve fitting of selected peaks for integration was performed
25  as described by MacDonald (1980). The following peaks were used to measure forms 1, Il and VI: sum
of peaks at 118.8 and 120.3 ppm (form D, peak at 119.8 ppm (form II), and peak at 118.5 ppm (form
VI). o | | | L
Déte'rmination of Polymorph Content. In order to determine the amounts of the various possible
polymorphs of DHEA in DHEA-'containing mhteﬁals_, the following 3-step approach was used.
30 1. Visual examination of an XRPD pattern to qualitativély confirm that only anhydrous forms are
present. _
2. Quantitative XRPD analyses to determine the amount of form FII present in a mixture of forms
FI, FII, and/or FV1. _
3. Quantitative SSNMR analyses to determine the amount of forms FI and FVI present.
35
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U S qfat ﬁlﬁﬁer g lPﬁ!QlO%p:}lére Anhydrous 2-prop4131%i (ﬁs‘é}ffoPﬁlol)'vﬂis%ﬁaddQﬂﬁl all théLﬁﬁEA 600

er.gas especl al
u S. Pat dlssol\rdd The asﬂtx@@luuon was stirred underrarrtstmaeh ﬁw&w@q&mgt which timg all of theen

how the 9&? P bt RAFbrlE R SN Aot inYED iR PoucTBontaiflis mixture of fofeTinii O"

provi des ar nace ons of at are enriched fo
pol ynor pm fvgithnfiotm I predominating: rfo|convegtrthe form Wicompeneptdp frm 1, #@pmdpcté%bwb?r%)l |,

and nost gg;gdga é,ba'bxut 100 Wz! ofelipﬁc%mfzeoméwsm sxuéy wapme dfanftiéit tepipefture

bi oavai | I'n contr to previou |'i’zed DBEA fornul ations
cont B ni fog 1 week and mma riche diitorcake wag allpped mﬁv “MR“B’GP%?B‘FIB% overgight angdithesn s
enri ched Yelding 9.0 g ot pABLIEs #iKsipésOV5i8n RitPd PReEUL | Cal
conmposi tP%)%’sd ha %ﬁ a&7§k&§'gﬂe lngeveg ? DHE?A ac?_ll Vsl tyﬂglxl/er lg%gq

peri ods m&lcmﬂ(%zqg<75m§Fe @@Mﬂmﬂlsﬁﬁe@““%‘%‘}m?“?@wﬂl Wens
enrlched ng shel f-1ives, which is highly desirable
in a phar %ﬁfgﬁt [ chmi‘r%(sﬁ?gt Formul ations enriched in form Il are 10

stabl e, t hom;n_e.nmﬂfmueé@mm@ﬁWf@m geed it $900p} Hatk under HitEREAav e
af axg er aifn%gﬁleﬁf A%h?%@tb@ﬂlydrofuran was added until all the DHEA dissolved. The resulting

solution was stirred under a nitrogen flow for 3 days, at which time all of the solvent had evaporated.

The solid was removed from the flask and found by XRPD analysis to be solely form II (Siemens
diffractometer).

25  Example 2: Pharmacokinetics of Orally Administered DHEA Formulations: Single Dose Study

This study was an open-label, randomized, three period crossover pharmacokinetic study in 34
healthy postmenopausal women. Subjeéts were contacted the evening prior to each dosing visit and
reminded to begin an overnight fast, with nothing to eat or drink (no water permitted) for 10 hours prior
to dosing. Serum samples for measurement of DHEA and DHEA-S were drawn thirty minutes prior to

30 dosingandat0,0.5,1,1.5,2,3,4,6,8, 10, 12, 16, 24, 48 and 72 hours after the subjects had received a
200 mg oral dose of DHEA (4 capsules of formulation 1 or 2) with 8 oz. of water. Each dosing period
was followed by a'7 day washout period 'before the next administration.

DHEA levels were determined by radioimmunoassay (RIA) at Endocrine Sciences Inc., after non-
polar solvent extraction. Method validation data demonstrated a recovery range of 92-99%, a limit of

35  detection (LOD) of 18.9 ng/dL, 4 limit of quantitation (LOQ) of 87.5 ng/dL, intra-assay precision <5%,

and inter-assay precision <10%. Internal assay controls were monitored via control charts. DHEA-S
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benefi ci al . The invention gan be further understood in |ight
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silico each k the 1 nstrunent

al i gnrremep@ami ngdmm agoppts (em rksljbsb\yelghresmdrsgevalggﬂmmdual compomentnt of the
powder .on |mgl S g
The Shl ma |ns rurre%tg%vxgs equl ppré%ja%/'m t"ﬁJ L)mf cus&aﬁtl %ﬁgmlgeﬂe e tube
poi@r \wese Uendedtogether for at least 10 minutes using a Patterson-Kelly Twin Shell 10 cubic ft dry V-

16 €4 re set at 1

and t he I’ECEIR\I/I nes'zh? temsgaedéwﬂ % ﬁm}l@ﬁlmr@mﬁ%ﬁ%é@" radi ati on was

det ect dbnipgengity Mas verified by rekingisenplestrorm differentyegions efihwwendqeand q@amtfymguﬁns
scan a Iﬁ% e 39 gﬁ{@s@apmeg.)so&{m i in: 4k%ral il n@

silicon zed eac ay to.chec .
aI i gnn@nn'leﬂan@yadmnah nvlwan &mrdowassmm;mw émohi. dslﬁymt'ﬁmmlmk Indhe X-

a A4L P ing it
i 49 S a8 Dihr R RO BleR WESpIREE A REh e ZHARLN Pl Gl R
Quant i Shionegi) with k13 mefillweightsnt s of peak hei ghts and areas) was generally .

_done on t%é@ﬁ&ﬂ&@pgglmmm bgﬁaﬁysﬁgxﬁa%ﬁmewﬂ&sm@mwm@% hei ghts -
= and ar eas usi n versi on . runnlng on
W ndowdVinlYonling wera asediforydataget sﬁeraﬂaeu statigticalanplysis, apq plappacokingtie(FKsvalwation

conti ny HEpien tida. Scans were performed over a sel ected range (e g , from 17
to 23 [err] 28) at a -sel ected scan ran

[eR9]/ m nAdjugted serpm Jevels ayerq caleplgted By su m h?%[cl)'e? (aye%seéﬁrﬂ St*ﬁ P%O ’M 984D f or
each sayabe AnhajudBPiiid le.@eﬁhan Zero was set to zefo. For DHEA and DHEA-S, the peak serum

concentration (C,,,,) and time to peak concentration (Tnax) Were assessed from the concentration-time

data. The maximal observed serum DHEA and DHEA-S .concentration (Cmax) and the corresponding

samp]mg times (Tamax) Were determmed for all treatments, T,m is expressed in hours following the
25 commencement of each treatment.

DHEA and DHEA-S AUC (area under curve) values were determmed by the linear txapezmdal
method from hour 0 to hour 72 (AUC(o.m) or the last measurable concentratlon The area under the
concentration time curve from zero to infinity (AUCo.) was detennmed using the following equation:

- AUCy.) = AUCy, + Ciasr’kel
30  where AUC,, is the area under the eoncentration-ti__me_curve from zero to the last measurable
concentration (Cj,e) as determined by the linear trapezoidal method and k., is the terminal elimination
rate constant. The terminal elimination rate constant was de_termined by using linear regression of the
individual log concentrations versus.time during the tennin_al._elimination phase. The elimination rate
constant was estimated by performing a regression of the natural logaritnm of the concentrations on
35  sampling time, for times in the specified range. Regressions were repeated first using the last three
points, then the last four points. .The. half-life () can be calculated by dividing 0.693 by kg.
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pol ynor pREordp eﬁﬁl@&%g ach cap %{‘?en?ﬁ{gm’%g?gP%&fyiﬁ’i%%{dfpg'ﬁ%’%aﬁghgg@? leegts (169
appr oac hmgaBorfbation 30or 152 mg (Formvilation ) laxtase,. 12 mg norofstarph, 36RBDNg magwesivmt o
qual | fatively. confjitm t_onl . .

37 i FETERR SR L BT el Y SHRAEBEISD ahh (Fin BE formujariot £ B respectivly.
in a m xSubjectoveré tand@mized to redeive of¢ bf theitwl formylations during each studyzpericgahrd PHEAv e
SSNVR anal,yses, t o determ.pe r AT I {

Seanpl o BOVERES someseien of FmbRfof SRl fow TEBIe Y ahBF 1K fol £ 389 foraf B, and
Synt hesi 39 % folarRD. Fohindativast ntained eubsfantintly PriEA~034)fom | BHEAL prepared bym

Di osynt h I cago .. |IL or Berlichem Montville, 1N) by saponification
usi ng pd”&@ﬁfﬁ?"é@%&eﬁﬁ’% i n met hanol . The product was di ssolved in
6 pazg s net Beimlsamples fof themeasmemeitaxf oagh leeds atiDHEAznd DHEA-Scwert gbtained five
filtration. The 5 t hanol, wa oratedq .until - une of 3 parts
renai ned™IHeY Pf‘ﬂ%ms%?%fﬁe °Wg§°se8§P3§f‘F8“ %[sgrt??df each shidly pﬁg?é}t ai ned at
this tenperghhp7 bPéach skidy pericl Gachishbjedt @ebeived the\waine preakifusti(2 housrs aftérl doxiag),

with 8.5 parts of . ) : .
lunch (6 hours after dosing) and dinner (10 hours after dosing). A full pharmacokinetic study was

conducted, with serum samples for the measurement of DHEA and DHEA-S obtained 30 minutes
25 priortodosingand at 0, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24, 36, 48, 60 and 72 hours following dosing.
DHEA levels were determined by radioimmunoassay (RIA) at Quest Diagnostics Inc. at Nichol's
Institute, Method validation data demonstrated the lower limit of quantitation (LLOQ) to be
approximately 10 ng/dL. Pharmacokinetic data was generated and statistical analysis carried out
essentially as described for Example 2, above. The estimated mean pharmacokinetic parameters for
30 serum DHEA and DHEA-S concentrations from this study are summarized in Tables 8 and 9, above
(Section IIB).

While the invention has been described with reference to specific methods and embodiments, it
will be appreciated that various modifications can be made without departing from the spirit of the

35 invention.



water to -r‘ggg¥g7tge met hanol, filtered, and dried under vacuum at QOJierr]C.
The | oss on dST R specification for the final produBET/HEW/069:
[err]0.5% and the specification for regi dual methanol was <0.01%
Preparation of FormI. Thirty grans of DHEA, as prepared above, were placed’
i n a 500isrclaithédask 10 under a nitrogen atnosphere. Anhydrous 2-propanol

(i sopropanol) was added until all the DHEA - dissolved. The resulting

sol ution s, stirred.under a.nitrogen flow for 2 days which time_all of
the O™ ' praompcsical gy Rich cofPESh e dinenipafisterohe b al o e boier

- pr oductwhichis presstiasithéforsh § p6lymorphpdndtat leash ik pharmaceutivl exdipies. f or m |

pregom nating. To convert the form VIl conponent to forml, the product

(about 30 g)T@} was_added to about &QO nL,of ethyl acetate, and the

resul ting 2siThe fapmithetioneficlaimd, whergint lstst 90% alwsiddetydroépiandgogterope (RITHA)in o

i1t er ggbsent BEthE FdrinG'pofatefphias al 1 owed to dry under anbi ent conditions

~overni ght and then passed through a single sieve (75 [err]),

yielding 9.0 g of particles with sizes > 75 [err] and 3.2 g of

parti cl es3wTh¢fosmulationof elnirp dy whereip 8t legst253epfisriddehydpespiandrosteone DFEA)i®N Wi t h

pagdic ' d that only forml| was present. e

Pr g?)ar gﬁ%hzﬁpggﬁ%gwg%rty grans of DHEA were placed in a 500 niL flask

under a nitrogen 20 at nosphere. Anhydrous tetrahydrofuran was added until

~all the DHEFhefosraalaticachf claime 1, vexdin atrepst 99% of said|dehydmepiandrosterone @HBA)der a
nitrog f far at which tinme all of:the solvent had evaporat ed.

- The soﬁgff"\l/v%\éﬁ’ér%ﬁnoig%%??% the flask and found by XRPD anal ysis to be

solely forml1l (Sienens di ffractometer). 25 Exanpl e 2:

Phs nac oks.nAmetioddor gremtihy a Sdidi DHEA Eormdlafibis-deid-methiod edmpeising: Si ngl e Dose

- St udy This stu was .an _open- | | andom zed, rhree riod
~ crossover PR AHIRHOMR 5‘?1‘*(?%‘?[?8?}‘“?% eﬁp tent w%%%ﬁlp eﬁi?“%éf’ﬂg‘?l% SRR t‘i%f)tma n.

" Subj ec85% vfwhiclc is preserit asithe fkemd\pelymogphpr i or t o each dosing visit and
rem nded to begin an overnight fast, with nothing to eat or drink (no water
permtted) for 10 urs prior . Si erum sanpl e . )
neasur ene thwwqﬁhﬁn %ﬂ@?%"%é?aét %’%&%‘f‘ ﬁ?‘?’f@%aﬁ%’f’gg’%ﬁ? @J&Dﬁ)ds 30

da20 ngpreset a’theForndl polymorpH.. 5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 48 and 72
hours after the subjects had received a 200 nmg oral dose of DHEA (4

capsul es of fornul ation r 2) with 8 gz...of ter. Each dosing.period

was follo CW%‘H’%&‘&V’ éﬁ@ﬁﬁb‘% at\s%ﬁh)&f %nglgﬁgh)%g?f@)ﬁg‘;(?ﬂgam(gﬁ 9*3 ion..

DHEA | mvsehtsas WefemtiBgolyniorpled by radi oi mmunoassay (RIA) at Endocrine Sciences
~Inc., after non- - pol-ar sol vent extraction. Method validation data
denonstrated a recoyery-range, of 92-99% g limt of 35 detection (LOD) of
1859 ng/ di-, Ths method of glpimyy, syhereinat fegst 93%@*6#‘9‘?%9%‘;&?%{%!%@% ay

preci Sréxdntla&the ¥G#91 polymorptiand i nter-assay precision [err] 10% Internal assay
controls were nonitored via control charts. DHEA-S

9. The method of claim 5, further comprising the step of placing the solid formulation into a

capsular container suitable for delivery to the gastrointestinal tract.
30 '
10. The method of claim 5, further comprising the step of compressing the solid formulation to

form a tablet.

11. In a method for administering dehydroepiandrosterone (DHEA) to obtain an ameliorative
35  result, the improvement comprising administering a pharmaceutically acceptable amount of DHEA,

wherein at least 85% of the DHEA is present as the form I polymorph.

12. The method of claim 11, wherein at least 90% of the DHEA is present as the form I

: polymorph.
40
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1é ' - Whidade3er € determined by radi oi munoassay (Rl A) per/Bsshasssme
Sciences Inc., after enzynolysis of - DHEA-S. Met hod val i dati on data
denonstrated recovery range 86-106% |inmt of detection (LOD) 3.6

[err]/dL, intra-assay precision [err]7/% d..nter-assa regi si o
. [err]10% | iBedhamethed sfclaimkl, yh ’R@l@mg% °fth°:]ﬁgﬁﬁ"? bsrpé%e@iaﬁ&c???\ﬂn!ol-
- charts. plgmo h. Each capsule contained 50 ng DHEA (formulation 1, 2 or 3)
ntgp consi sting of 152 ny | act ose (169 ng for formulation

and exci BI
3), 108 ng corn starch, and magnesi um st ea

3 rate. . The DHEA :
pol ynor ph cdAt Fhe methpd pHelaimn He waergin at M?%I#%%’%F@ai‘heﬁmgblcti on m
above5 \‘nglahl%ﬁdﬁul ations were prepared in bulk amounts (e.g., 150
kg) by rgning and sieving all individual conponents t hrough a
" size 14 stainless steel mesh screen to de-lunp. Al conponents except
- magnesi um st16aThé methadof claigr I8, Whereid said amgliorativie résylt istreaiment of systemiclupus s

using a Patterson-Kelly Twin Shell 10 cubic ft dry V- bl ender.
Magnesi umY&“'E‘&f"é?se was added and bl ended into the mixture for at |east 5
m nut es. Honogeneity was verified by taking sanples fromdifferent

regi gps of tipeThé medied ofdldimOuawhéréinisaid atbliorative result dHiféveotion aredugtiorsofiless gfit

. basis by HPLC (isocratic, | nmL/mn 45:45:10 acetonitrile:water:methyl t-
but yl et h&pne dsP$ihr opak col unm (C18 RP-P-100, 5 micron, 250 x 4.6 nmi.d.

- from Thinchrom Inc., 15 Lafayette, IN). After weighing, the blend was

- placed i n OR§GYRe MEthEd of KanAtlll Whérain Saill emelidrape Wgsalt istFeatment of chignicltgie) Wi t h
313 ng fill-weights. . Ceneration of Pharmacokinetic Data and

~ Stati sti eyndromegrfibremyalgitr osoft [err] Excel, SAS[err] and W nNonl i n
wer e ksed for dataset generation, statistical analysis, and pharnmacokinetic

PK) eval uati on of patient data., 2 . Adj uste r evels re
bl aed 5 B bermstutivd foRATOR SO B RinE ARy dspepissaittions (REEA R lei Btk of
| evel s) . wARK ifphkdtnt RGne/ ik & JobmforbH)and AQeaet o pharfiiacdusical exdpiedior DHEA and

DHEA- S, the peak serum concentration (Clerr]) and tine to peak
concentration (T[err]) were assessed fromthe concentration-tine

data. The rd%4 Hee fophelationeof claim |8 vhersin atleast§0¥nofsaid dehvdrecpiandngsterope (DHEA) is 1,
t he rr i ling tines (T[err]) were determned for all
trea??ren?%?&? e‘?g oqnslllg}f)lrﬁg@ged in hours follow ng the 25 commencenent of

. each treatnment DHEA and DBEA-S AUC (area under curve) v?l S,
were det er n2feBhasfprmudation; of claim i 8,ayhesein atdeast 95% of spigidebyrpepisntingsigione) Q}gg’hﬂﬁr

- 72 (AUC( é‘f"g‘{"““%f“ﬂ’;ﬁﬁ° asur abl e concentration. The area under the
[ e fr

concentr on tinme cur mzero to infinity (AUC[err]) was determ ned
using the follow ng equation:

CAUC[2Sr] = AUCHEfofmulatiohad claind 08, wheteisy as loask§9% of] saidgichyssoepiaadrotengas (QHRA) is
concentratiopn-tj CUf v zero to the |last nmeasurable

concent rgfefeélgas(tbﬁngopﬁgpogéé@?er nined by the |inear trapezoidal nethod and

. kl[err], is the terminal elimnation rate constant. The term nal

el i m nat i on22.aA énetipd Forpiépaving a skeiddDHEA doiminiatios,isaig nithedzomprsirgsssi on of t he

- individual |og concentrat.lons ver i ' : ] el QN
phase. The BERE FAEOTTe peCPbamiRk iR o Bt it Byt haie (PHEAY 1ol
regr 86Si 85% of whick ispeésetitab tHedgar Il pblymofpht he concentrations on 35  sanpling
time, for tinmes in the specified range. Regressions were repeated first
using the last three points, then the last four points. The half-life

(t% can be23 atieitha@hsibflelain 02, wlierdn & 16869094y okdaitk dehydroepiandrosterone (DHEA) is
present as the form II polymorph.

35 24. The method of claim 22, wherein at least 95% of said dehydroepiandrosterone (DHEA) is
present as the form II polymorph.

25. The method of claim 22, wherein at least 99% of said dehydroepiandrosterone (DHEA) is
present as the form II polymorph.
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The main- p\& H%?%lgi netic paraneters used to descri be DHEA and DHEA-S.
phar macoki fet during treatnents are the area undefCHUSOM6987
concentration curve fromhour O to hourmy72 (AUC([err]72)), the

maxi mum serum concentration (Cferr]), and the tinme to maxi mum serum
concent r at 26orThe hjethod]of claim. 22, furtheoprprisisg the stsp of plecing tbasdidﬂbmnﬂatim imo ande

with an t he PROC GLM

sof t war eﬁ%@ﬁ\é@k@n&&gﬂ%lﬂo %W%?Mé&amg&k@fwe 3: Phar macoki netics of
Orally Adm ni stered DHEA Fornul ations: Miultiple Dose Study Thi s
st udy was 27n ThperetHod boftlainy 220 forthervohprisingthe gtep bfdomprdssing the eslid foriulstionss - over
st ugy ﬁj §§16t phar macoki neti cs/ phar macodynami cs in heal t hy

pos 8%% ‘f enal es. DBEA was adm ni stered on 10 each of 7 days of

two study periods, vvlth an intervening 7-day washout period (Days 1 to 7

and Days 28. lnaxﬂeﬁ)donr&ah;nls&migaeﬁ)mrdepﬁﬁmﬁ'&oae (OHEN)%0 Stein BB aRélfdratiles e
(four 50 E&Q %Psules of DBEA at, the Q,\g}%gﬂ tlrre ach m)rnln for the
7 days "6 REPYFIFIL fomprgng j"étﬁ”ég aematically amount ¢fJ) hours
prior teheRafdl 1dabig3vsisiie DEBA i a.mglpe%oﬁm_ Ny of DHEA and
pharmaceutical excipients (16 nmg (Formul ation 3) or 152 ny

(Féprml ation 4) lactose, 108 ng corn starch, and 3 ng magnesium 15

st ear at ) 200 Thémbthbd bftladm 28] vMlerdimIelsEI0% bf theBHBALs preseatsd tRéWdrm B3 My for
formul atjons_ 3 and 4, respectl vely. Subj ects were random zed to

recei vBO¥MEYt the two formul ations duri ng each study period. The DHEA
pol ynor ph conposition of fornulation 3 was as shown in Table 4 above (18%

form 1, 4300 ¥R Mithdd oﬁ:ﬂﬂn 28, wheren?‘& 1645t B> \ha D}@anmkéﬁfég%ezlfoﬁﬁﬂt ai ned

substantially pure (-10 form | DHEA, prepared

dedZri padympwhei n. 20 Serum sanpl es for the rreasurerrent of trough )
| evel s - of DHEA and DHEA- S were obtained five m nut es prlor to the 200
ng oral Sy t Feat 900G I %x . On day
7 of each st erl o nggsc/hhérue ect recel ve?:‘§ e Jg‘gne&gasﬂaekf? (2 hours
after H@WP@? | unch (6" hours after dosing) and di nner (10 hour s '
after dosing). A full pharmacokinetic study was conducted, with serum

aspl es f QE%% @I—sﬁ@ ﬂme 6,%!9

pr| or to %sﬂr%g"an %ﬁg}‘% “mfe aﬂ% g %kq% &?3@&%%&&%48 60
and 72erythematosus| | owi ng dosi ng. DHEA | evel s were det erm ned by

radi oi mmunoassay (Rl A) at Quest Diagnostics Inc. at Nichol'

I nstitutess Wﬁe%\é%k%lg%;e i@@h&%@aﬂmﬂé&fé tr@&lltg e /egﬁﬁi{ %lrwucaon f loss of

quantitatio appr oxi na har macoki néti c
dat a wewedensity.at ed and statistical analysis carried out essentially
aspsdescri bed for Exanple 2, above. The estimated mean pharmacoki netic

par anet '3, f’ﬁle method of claim 28, wherein said ameliorative result is treatment of chronic fatigue

syndrome or fibromyalgia.

35. A method for controlling the bioavailability of a DHEA formulation, the method comprising:
30 administen'ng to a subject a DHEA formulation comprising DHEA and a pharmaceutical excipient,
wherein said DHEA in said formulation consists of a preselected, known ratio of DHEA polymorphs.
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*serum %‘ﬁ”&g DHEA- S concentrations fromthis study arep&pHiSyiesssd 1 n
TablesSan ove ' (Section 111B). Wil e the invention
has been described with reference to specific nethods and enbodi nents, it
wi Il be appreciated that various nodifications can be made without
departing fromthe spirit of the 35 1yavention. :

20 It is clained: 1. A phar naceut i cal for nul ati on

conpri si ng dehydr oepi-andr 0% east—85%4-6 whi—ehR i S

D
»)

(D)
'],
!
P

present as the forml poly rph nd at Ieast one phar maceut i c exci gi ent .
5 2. The formyl ation of claim1, wherein at |east {j990% of |said
dehydr oepi andr ost er one ( DHIEA) ‘;s ‘:__' present as the form  fjpol ynor|ph.
3. The fornulation of clai 1, ghebei roat | east 95% of said

dehydr oepi andr ost er one (DHEA) @ ﬁlo*‘ present as the form |1 pol ynorgh.

4. The formul ation of claiml, Swhegei Gat | east 99% of said §

dehydr oepi androst erone (DHEA) &  E E present as the forml oI ynor ghe
15 5. A nmetkBd for ppepaign "6a scolld DHEA formul ation, dai d et Hofl
conpri si ng: - m ng‘-'-at one solid pharnmaceuti dqal excigient
wi t h dehydr oepi an@ost er ong ( | east 85% of whifch is prlesent
as the form | pol3@or ph. C} EE The nmet hod of claim?%, whereiln at
| east 90% of saldCﬂehydroe)l androsterone (DHEA) is 20 presgnt as the
forml polyrmrphq_, 7. The nmethod of claimb5, whergin at | gast
95% of sai d dehydgmepi andr psterone (DHEA) is present ap the forim |
pol ynor ph. ) + 8
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25 .. 8. The nethod of claimb5, wherein at |east 99% of i S
pERGavesem

dehydr oep™h¥B%3er one (DHEA) is present as the for

9. The nethod of claim5, further conprising the step of placing the sotid.
formulation into a capsul ar container suitable for delivery to the
gastrointestinal tract. 30 274 10. The nethod of claimb5, further
conprising the step of conpressing the solid fornmulation to forma
tabl et'. ' 11. In a nethod for adm nistering

dehydr oepi androst erone (HEA) To obtain an aneliorative 35 refuTT] N he

i nprovement conprising aqm niste ng.a pharmaceutical ly acceptapl e anount
of DHEA, wherein at| | east %%ogf the DHEA is present as the fprml
pol ynor ph. 17. The nm& hod of claim1l, wherein at |past}90% of
the DUBA is present as the f&mT @  pol ynorph. 40 )

21 13. The ngt ho®@of =!I &m 11, wherein at |east 95% of {he DHEA
is present as t&@ forml E pg y@rph. 14. The et hod of
claim11, wherefld at |eagt 996 obP t DHEA is present as the fdrmI] &

pol ynor ph. (®) 13. T (r)Pé't hod of claim 11, wherein sai
aneliorative reglilt is trneatnent Jof kystemni c | upus eryt h¢gnat opus.

10 16. T€@ net hod |of niaiﬁ# 141, wherein said aneliorati e rebult is
prevention or Lbucti on ¢f |oss of bone density. ) I L7. The

net hod of claingIl, wheré¢in said aneliorative result is treatnment o
chronic fatigue@)

o

N e

' )

: E

. =
tJD'
-
;=

1000
900
800
700
600 }-
500
400
300
200
100

Mean Baseline Adjusted DHEA-S Conc

/3n) S-vIAHA



syndfpng or “;(?] dg%éal gia. 15 18. A pharnmaceuti cal f@f,@y{,@;ﬁb@,n
conpri si ng dehydroepi andr ost erone (DHEA), at |east 85% of which is

present as the formIl polynorph, and at |east one pharnaceuti cal
exci pi ent. 19. The formulation of claim 18, wherein at |east
90% of sai d dehydr oepi androst erone ( ) is 20 present as the formll
pol ynor ph. 20. The formul™ation of claim 18, wherein at |east
95% of sai d dehydroepi androsterone (DHEA) is present as the formll
-pol ynor ph. 25 21. The fornulation of claim18, wherein at |east
- 99% of said dehydroepi androsterone (DHEA):-is present as the_forml|
pol ynor ph. 22 A ngtiod:tor preparing;a soi i d DAEA TofPul ati on,
sai d net hod conpfji si ng: rT;iXi ng at |l east one! sol ijd phlir maceut i cal
excipient wth d hydroéz)i anﬁrcstero e (DHEA),| at least]j 30 | 85%of which is
present as the f¢rm Il @ol ymorjgh. 23. {The jret hqd of {cl aim 22,
wherein at | east [90%|ofgsai® dghydr ¢epi androsteroﬁ:e (OHEA) i s o bresent
as the form |l&p¢l ynor @d. 5 241 Thq met hod of cl di mRZ, Mherein
at | east 95% aid de@ydréepi andrcpster one (|DHEA) is prgsent as the
formll poly : (o] O (45. Tihe nefhod jof cllaim22, whergin at | east
99% of said d roegi andr grione (DHEA) is pr elsent he form ||
pol ynor ph.
22 '
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26. The rren’&hod of claim22, further conprising the step of gl aci ng. the -
CPGSORIR, o1 y

solid for YOAY38%3i nto a capsul ar cont ai ner suitabl
to the gastrointestinal tract. 27. The nmethod of claim 22,
further conprising the step of conpressing the solid formulation to 5
forma tablet. . 28. In a nethod foradm nistering
dehydr oepi andr ost erone (DHEA)to obtapp,an ameliorative ‘result, the
i mprovenent conprising adm nistering a pharmaceutically acceptabl e anmount -
of DHEA, wherein at | east 85% ofthe DHEA is present as the formll
pol ynor ph. 10 29. The nmethod of claim 28, wherein at |east 90%
of the DHEA is present as the formll pol ynor ph. : 30. The
nmet hod of claim 28, wherein at |east 95% of the DHEA is present as the form
1 15 pol ynor ph. 31. The nethod of claim 28, wherein at
| east 99% of t h Ss—present—Tas—tie—form+i pet-yrerph 8 20
32. The nethod ¢f clalm 28, whergi n saijd ane}ioratfve rgsult i|Js treatnent
of system c | upps er yt hematjosus. 33. The netfhod of claim
28, wherein spi f anel jjorattve Tjegult i$ prevention or rdductign of |oss of
bone densit 2b ™ 4. The nethod of claifm 28, wheffeifnsaid
aneliorativ epult 1§ teeateent jof chfonic fatigye ' syndr bmre or
fibronyal gi a5 :;,9 35,8# met hod{for cpntrol|ling tthe i gavailability
of a DHEA fo¥fu| ation,| t®e rd hHod conpfising 30 gdm pi $tering to a
subj ect a - DHEA ¥ or nul 4t i%n cgnygriisi ng PHEA aﬁnd a pharmageutf cal exci pient,
wher ei n sai d@DHEA i n |gaisl foEml &tion fonsists of |a pres t edg known
rati o of DHEgs pbl ynorjph 1L
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