
 

 

Introduction 
 
Inflammation in the context of a protective im-
mune response is a vital function of homeosta-
sis, but many diseases are either potentiated by 
or have chronic inflammation as a major compo-
nent of their pathophysiology [1-8]. The preva-
lence of inflammatory diseases speaks to both 
the importance of their management in health 
care as well as to the difficulty in identifying 
suitable anti-inflammatory treatments. The cur-
rent arsenal of anti-inflammatory pharmaceuti-
cals includes cyclo-oxygenase inhibitors, which 
prevent the formation of pro-inflammatory ara-
chadonic acid metabolites; glucocorticoids, 
which engage the cognate nuclear hormone 
receptor initiating a complex sequence of 

events that ultimately result in the inhibition of 
inflammatory cytokine expression, and the new 
generation of biological agents that antagonize 
various inflammatory signal transduction path-
ways.  Although these agents are generally re-
garded as effective, they all have significant 
limitations, which variously include anergy to 
prolonged treatment, immune suppression, 
bone loss, gastrointestinal bleeding, and high 
cost [8-11]. 
 
For many years now the scientific literature has 
indicated new prospects for anti-inflammatory 
agents may come from the dehydroepiandros-
terone (DHEA) metabolome. DHEA and its sul-
fate conjugate are major products of the human 
adrenal gland, but neither is present in rodent 
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circulation in significant amounts. Exogenous 
DHEA exhibits striking anti-inflammatory activity 
in rodents [12], but not in humans. Several pub-
lications indicate that a significant portion of the 
anti-inflammatory activity of DHEA might be at-
tributed to its poly-hydroxylated metabolites [13-
17], which are readily formed only in rodents 
[18, 19]. Other likely factors contributing to 
DHEA’s poor performance in humans are low 
oral bioavailability [20], metabolism into the sex 
steroid pathways [21], and secondary metabo-
lism (sulfation) [22-24]. Although DHEA has 
been widely studied, there are few reports of 
nonclinical toxicity in the literature other than 
references to peroxisome proliferation. 
 
Androst-5-ene-3β, 7β, 17β-triol (βAET), a me-
tabolite of DHEA, has immune regulating and 
anti-inflammatory activity [13, 16, 17]. We have 
observed βAET to be similarly non-toxic, al-
though C-7 hydroxylation abolishes peroxisome 
proliferator effects [25], and unlike DHEA, βAET 
is not metabolized into sex hormones [26]. How-
ever βAET, like other natural androstenes, has 
poor oral bioavailability (Ahlem, unpublished) 
[27], and the 17β-hydroxyl function is suscepti-
ble to inactivation by ubiquitous oxidative forms 
of 17β-hydroxysteroid dehydrogenase (17β-
HSD) [28-30], reducing βAET’s pharmaceutical 
utility. C-7 hydroxylated products may also in-
hibit 11β-hydroxysteroid dehydrogenase medi-
ated inter-conversion of cortisone and cortisol, 
contributing to glucocorticoid opposing effects 
[31, 32]. 
 
17α-Ethynyl-androst-5-ene-3β, 7β, 17β-triol 
(HE3286) is a synthetic analogue of β-AET. 17β-
Ethynylation prevents oxidation of the 17β-
hydroxyl function by 17β-HSD and confers sig-
nificant oral bioavailability. Considering the un-
predictable effects of 17β substitution on sex 
steroid interactions with nuclear receptors, al-
kynylation, fortuitously, does not perturb the 
anti-inflammatory activity of HE3286. HE3286 
does not bind any of the steroid-binding nuclear 
hormone receptors (thus far tested, which ex-
cludes primarily the pregnane X and constitutive 
androstane receptors)[33], but is active in ro-
dent models of type 2 diabetes mellitus [33, 34] 
and inflammatory disease [15, 35-39], inde-
pendent of estrogen receptor ligation as indi-
cated by activity in the presence of the estrogen 
antagonist, ICI182,170 [36]. Because of its 
broad spectrum of immune modulating activity, 
HE3286 and was selected for safety testing 

associated with pharmaceutical development 
prior to clinical trials. Our safety and pharma-
cokinetic evaluations found HE3286 to have a 
low potential for direct or indirect toxicity, and 
although extensively metabolized, to have suit-
able pharmacokinetics for clinical development. 
 
Materials and methods 
 
Reagents and chemicals  
 
HE3286, 17α-ethynyl-5-androstene-3β,7β,17β-
triol (C21H30O3, MW=330.46), and metabolites 
HE3291 (17α-ethynyl-5-androstene-3β,7α,17β-
triol), HE3393 (17α-ethynyl-7-keto-5-androstene
-3β,17β-diol), HE3545 (17α-ethynyl-5-
androstene-3α,7β,17β-triol), HE3553 (17α-
ethynyl-5-androstene-3β,7β,16α,17β-tetrol), 
HE3633 (17α-ethynyl-3-keto-5-androst-4,6-dien-
17β-ol) were synthesized by Harbor BioSci-
ences, Inc. All other steroids were purchased 
from Steraloids (Newport, RI). Recombinant rat 
CYPC19 (aromatase) was purchased from (BD 
Bioscience, San Jose, CA). Rosiglitazone and [4-
[3-(4-acetyl-3-hydroxy-2-propylphenoxy)propoxy]
phenoxy]acetic acid (L165041) were purchased 
from Tocris Bioscience (Ellisville, MO). Cyclodex-
trin formulations of HE3286 were prepared with 
30% suflobutlyether-b-cyclodextrin (Cydex, 
Lenexa, KS). Except as noted, all other reagents 
and chemicals were obtained from Sigma-
Aldrich (St. Louis, MO). 
 
In vitro biological systems 
 
Rat and human liver microsomes and cryopre-
served human hepatocytes and hepatocyte 
growth medium were purchased from In Vitro 
Technologies, Baltimore, MD. Cell line MDA-kb2 
(American Type Culture Collection CRL-2713) 
harboring a mouse mammary tumor virus/
luciferase cassette and cell line T47D-kBluc 
(American Type Culture Collection 2865) stably 
transfected with a synthetic plasmid containing 
three copies of an estrogen response element 
fused upstream of a luciferase gene were used 
for nuclear hormone receptor transactivation 
assays. 
 
Bioanalytical 
 
HE3286 and metabolites in plasma or serum 
were identified by GC-MS, GC-MS/MS or LC-MS/
MS and/or quantified by LC-MS/MS as indi-
cated in the descriptions of specific experi-
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ments. GC-MS or GC-MS/MS was performed on 
samples extracted with 5 mL MTBE, and dried 
under nitrogen. The dried residue was derivat-
ized with N-methyl -N- ( t r imethyls i ly l )
trifluoroacetamide (MSTFA) and analyzed on a 
Varian CP-Sil 5 CB column with a Varian CP-
3800 gas chromatograph and Varian 1200L 
mass spectrometer (Varian, Palo Alto, CA) in 
either full scan (150 to 800 amu) or MS/MS 
mode. LC-MS/MS was performed with either a 
Synergi 4µ POLAR-RP 80 column (150x2 mm, 
Phenomonex, Torrance CA), and a Varian 1200 
LC-MS/MS spectrometer in ES+ mode (Varian, 
Palo Alto, CA), or samples were analyzed on an 
Xterra C18 column (2.1x250 mm, 5mm, Waters, 
Beverly, MA), eluted with a mobile phase gradi-
ent of 30-85% acetonitrile in water, with 0.1% 
formic acid, with the column temperature main-
tained at 40°C. Analytes were detected with a 
tandem quadrupole mass spectrometer in ES+ 
mode (Waters, Beverly, MA). 
 
Estradiol and estrone were measured as dansy-
lated derivatives: plasma samples with 2H5-
estradiol internal standard (C/D/N Isotopes, 
Inc., Pointe-Claire, Quebec, Canada) were ex-
tracted with MTBE, dried, dissolved in 1 mg/mL 
dansyl chloride in 1 M aqueous sodium bicar-
bonate, and incubated for 1 hour at 60˚C. The 
resulting dansylated estradiol and estrone de-
rivatives were extracted with MTBE, dried, and 
reconstituted in 200µL of water/acetonitrile 
(75:25, v:v), and analyzed by LC/MS-MS with 
the Waters instrument. DHEA, testosterone, 
androstenedione, and progesterone were quan-
tified as oxime derivatives: plasma samples with 
2H5-testosterone (C/D/N Isotopes, Inc., Pointe-
Claire, Quebec, Canada) internal standard were 
extracted and dried as above, then dissolved in 
1 M hydroxylamine hydrochloride and incubated 
at 60˚C for 1 hr. The resulting steroid-oxime 
derivatives were extracted with MTBE and ana-
lyzed by LC/MS-MS with the Waters instrument. 
 
Experimental design 
 
All experimental procedures in animals were 
conducted with the approval of institutional ani-
mal care and use committees (IACUC), and in 
accordance with local, state, and federal animal 
welfare regulations.  
 
Interspecies comparative metabolism (in vivo) 
 
Metabolites were characterized in male CD-1 

mice following oral, subcutaneous, and intrap-
eritoneal administration. Plasma samples were 
collected under CO2 anesthesia by cardiac 
puncture near the time of maximum HE3286 
concentration (0.25 hr), and stored frozen until 
derivatized with N-methyl-N-(trimethylsilyl)
trifluoroacetamide (MSTFA) and analyzed by GC-
MS/MS. Steroid conjugates were isolated by 
solid phase extraction and hydrolyzed by se-
quential treatment with glucuronidase and sul-
fatase and analyzed by GC-MS/MS. Plasma me-
tabolites (free steroids) were also characterized 
by LC/MS-MS in humans, dogs, Sprague–
Dawley rats [Crl:CD (SD)], and CD-1 mice (male 
only) following oral administration of HE3286. 
 
Nuclear hormone receptor binding and transac-
tivation 
 
Nuclear hormone receptor interactions for 
HE3286 metabolites were measured as previ-
ously described for HE3286 [33]. Assessment 
of nuclear hormone receptor binding for the 
androgen receptor (AR), estrogen receptor alpha 
(ERα), estrogen receptor beta (ERβ), and the 
glucocorticoid receptor (GR) was performed with 
the PolarScreen fluorescence polarization sys-
tem (Invitrogen, Carlsbad, CA) following the 
manufacturer’s instructions. Transactivation 
assays for AR and GR and ERα and ERβ were 
performed in cell lines MDA-kb2 and T47D-
kBluc respectively. Human mineralocorticoid 
receptor (MR) and peroxisome proliferator-
activated receptor (PPAR- and PPAR-δ) transac-
tivation were measured with the Gene Blazer® 
β-lactamase assay system (Invitrogen, Carlsbad, 
CA) following the manufacturer’s instructions. 
 
P450 inhibition and identification of metaboliz-
ing enzyme studies 
 
HE3286 reactions with human microsomal en-
zymes CYP1A2, 2C9, 2C19, 2D6, and 3A4 used 
probe substrates and assays conforming to FDA 
guidance for drug interaction studies. Metaboliz-
ing enzymes were identified by a decreased rate 
of HE3286 metabolism in the presence of an 
inhibitor compared to a control reaction using 
LC-MS/MS to measure the concentration of 
enzyme reaction products. 
 
In vitro induction of CYP1A2 and CYP3A4 by 
HE3286 
 
Human hepatocytes were cultured with HE3286 
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to measure the potential for HE3286 to induce 
the two major inducible P450 enzymes, CYP1A2 
and CYP3A4. Pooled cryopreserved human 
hepatocytes and hepatocyte growth medium 
were prepared for P450 induction studies for 
CYP1A2 and CYP3A4 according to the manufac-
turer’s instructions using 50 µM omeprazole for 
CYP1A2 positive control; 25µM rifampicin for 
CYP3A4 positive control, and HE3286 (1, 10, 
and 100 mM). 
 
Interactions with CYPC19 (aromatase) 
 
Inhibition of CYPC19 (aromatase) was meas-
ured in vitro with recombinant rat enzyme in 1 
mL of phosphate-buffered saline containing 3.3 
mM magnesium chloride, 1 mM NADPH, and 
100 ng/mL (approximately 300 nM) of the test 
compound, HE3286 (17α-ethynyl-5-androstene-
3β,7β,17β-triol), HE3291 (17α-ethynyl-5-
androstene-3β,7α,17β-triol), HE3393 (17α-
ethynyl-7-keto-5-androstene-3β,17β-diol), 
HE3545 (17α-ethynyl-5-androstene-3α,7β,17β-
triol), HE3553 (17α-ethynyl-5-androstene-
3β,7β,16α,17β-tetrol), HE3633 (17α-ethynyl-3-
keto-5-androst-4,6-dien-17β-ol), or testosterone 
(positive control), and 5 pmol recombinant hu-
man aromatase. The reaction products were 
derivatized with MSTFA and analyzed by gas 
chromatography/mass spectrometry (GC-MS) in 
full scan mode from 150 to 800 amu. 
 
Interactions with CYP7B and 11β-hydroxysteroid 
dehydrogenase 
 
Inhibition of CYP7B and 11β-hydroxysteroid de-
hydrogenase type 1 (11β-HSD1) was measured 
in vitro in triplicate assays with rat liver micro-
somes, by measuring the conversion of 3β-
hydroxy-androst-5-en-17-one (DHEA) to 7α-
hydroxy and 7β-hydroxy DHEA derivatives 
(products of CYP7B and 11β-HSD1 respectively) 
in the presence of 100 ng/mL HE3286 or me-
tabolites HE3291, HE3393, HE3545, HE3553, 
and HE3633 in 2 mL phosphate-buffered saline 
containing 10 ng/mL DHEA, 1 mM NADPH, and 
0.1 mg/mL rat liver microsomes. Reaction prod-
ucts were derivatized with MSTFA, and analyzed 
by gas chromatography/mass spectrometry (GC-
MS/MS).  
 
Nonclinical pharmacokinetics 
 
Plasma or serum samples for pharmacokinetics 
(PK) were collected from a peripheral vein and 

stored frozen until analyzed by LC-MS/MS.   
 
Pharmacokinetics in rats 
 
Pharmacokinetics was measured in toxicology 
studies in male and female Sprague-Dawley rats 
following 1 and 28 daily oral gavage doses rang-
ing from 3 to 200 mg/kg HE3286, formulated in 
cyclodextrin, and 1, 90 and 181 daily oral ga-
vage doses ranging from 3 to 200 mg/kg 
HE3286 formulated as an aqueous microsus-
pension.  Plasma (lithium heparin) was col-
lected from a peripheral vein from three ani-
mals per gender at each time point for each 
dose. Cohorts of three animals were used for 
each gender per time point period (0, 0.5, 1, 2, 
4, 8, 12, and 24 hr), with each cohort sampled 
only twice in the 24-hour period to limit the im-
pact of blood loss. Plasma samples were stored 
frozen prior to LC-MS/MS analysis with the Wa-
ters system. PK parameters for HE3286 and 
metabolites were determined for the observed 
maximum plasma concentration (Cmax), time of 
the observed maximum plasma concentration 
(Tmax), and integrated plasma drug concentra-
tion for a given period of time [AUC(0-t)] and cal-
culated with WinNonlin 5.2 (Pharsight, St. Louis, 
Missouri) using the mean values for each collec-
tion time. 
 
Pharmacokinetics in pregnant rabbits 
 
Four groups of three time-mated female New 
Zealand White Hra:(NZW)SPF rabbits received a 
daily oral gavage of 13, 40, 130, or 400 mg/kg 
HE3286 as an aqueous suspension on gesta-
tion days (GD) 6 through 18. Plasma (lithum 
heparin) was collected for PK and metabolite 
profiling 0, 1, 2, 4, 8, and 24 hours post dose 
on GD 6 and 18, stored frozen and analyzed by 
LC-MS/MS for HE3286 and metabolites as de-
scribed for rats. 
 
Pharmacokinetics in dogs 
 
Pharmacokinetics was measured in toxicology 
studies in groups of 5-8 male and female Bea-
gle dogs after administration of a single or 28 
daily oral gavage doses ranging from 3 to 66 
mg/kg of HE3286 formulated in cyclodextrin. 
Pharmacokinetics for longer exposure intervals 
was measured with HE3286 formulated in cap-
sules in doses ranging from 1 to 15 mg/kg. 
Plasma (lithium heparin) was collected from a 
peripheral vein prior to dosing and at 0.25, 0.5, 
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1, 2, 3, 4, 8, 12, and 24 hr after administration 
and stored frozen. HE3286 and metabolites 
were quantified and pharmacokinetic parame-
ters calculated for individual animals using LC/
MS-MS on the Waters system and WinNonlin.  
 
Pharmacokinetics in monkeys 
 
The absolute oral bioavailability of HE3286 was 
measured in groups of non-naïve fasted rhesus 
monkeys (one male, two female). One group 
received a single IV dose of 5 mg/kg HE3286, 
and a second a single oral-gastric dose of 20 
mg/kg. Blood (serum) was collected prior to 
dosing and 0.05, 0.25, 0.5, 0.75, 1, 2, 4, 8, and 
24 hours after administration for the IV group, 
and 0, 0.25, 0.5, 0.75, 1, 2, 3, 4, 8, and 24 
hours after administration for the oral group. 
Samples were stored frozen and analyzed using 
LC/MS-MS and WinNonlin as described for 
dogs. 
 
The absolute oral bioavailability (% F) was ex-
pressed as the dose mass adjusted ratio of the 
integrated drug plasma concentration [AUC (0-

infinity)] for the oral dose ratioed to the IV dose.   
 
Safety and toxicity studies 
 
HE3286 was evaluated for genotoxic effects in 
GLP assays in accordance with FDA guidelines 
for testing new chemical entities in support of 
clinical trials [40]. 
 
The genotoxic potential was assessed in vitro 
using a bacterial reverse mutation assay and a 
cytogenetic chromosomal aberration assay that 
evaluates damage in metaphase cells.  An in 
vivo test for the occurrence of chemically in-
duced micronucleated polychromatic erythro-
cytes in bone marrow cells was conducted in 
mice. 
 
Bacterial reverse mutation (Ames) study 
 
The S. typhimurium and E. coli reverse mutation 
assay, which measures the reversion frequency 
of frame-shift and base substitution mutants 
from auxotrophic to prototrophic phenotypes 
was conducted essentially as described by B. N. 
Ames [41], D. M. Maron and B.N. Ames [42], 
and M. H. L. Green and W. J. Muriel [43]. Four 
strains of S. typhimurium (TA98, TA100, 
TA1535, TA1537) and one strain of E. coli (WP2 
[uvrA]) were used.  HE3286 dissolved in DMSO 

was tested with and without rat liver S9 activa-
tion at concentrations of 5–5000 μg per plate 
(in triplicate with viability and strain specific 
positive controls) for formation of spontaneous 
revertant colonies. 
 
In vitro chromosomal aberration assay 
 
The Chinese hamster ovary cell (CHO, clone 
WBL) chromosome aberration test was per-
formed essentially as described by S. M. Gallo-
way [44]. HE3286 in DMSO at concentrations of 
10-400 µg/mL (50- 200 µg/mL for rat S-9 acti-
vation) was added to replicate cultures of 1x105 
cells/mL that had been conditioned at 37°C for 
24 hours. The cultures were incubated for 18 hr 
(1.5 cell cycles for control cultures), with addi-
tion of 0.1 µg/mL Colcemid for the final two 
hours to facilitate karyotyping. Cell cultures 
(HE3235, vehicle control, and positive controls 
[0.8 µg/mL mitomycin C and 7.5 µg/mL cyclo-
phosphamide]) were collected by centrifugation, 
fixed and stained with 5% Geimsa, and exam-
ined microscopically for the relative mitotic in-
dex, chromosome aberrations, ploidy, and fre-
quency of endoreduplication. The Chi-squared 
test determined the statistical significance of 
the results. 
 
Micronucleus assay in mice 
 
The mouse micronucleus test was performed in 
42-day old CD-1 male and female mice essen-
tially as described by J. A. Heddle [45], W. 
Schmid [46], and M. Hayashi [47]. Briefly, a 
single dose of HE3286 aqueous microsuspen-
sion was administered by intraperitoneal injec-
tion (IP) to five animals per sex at doses of 250, 
500, and 1000 mg/kg (20 mL/kg). Control 
groups of ten per sex received vehicle IP (20 
mL/kg) and cyclophosphamide by oral gavage 
(positive control, 80 mg/kg, 10 mL/kg). Two 
parallel groups were treated for sacrifice and 
bone marrow collection at 24 and 48 hours.  
Femoral bone marrow was harvested, fixed and 
stained on microscope slides for enumeration of 
the micronucleated polychromatic erythrocyte, 
polychromatic erythrocyte and normochromatic 
erythrocyte frequency.  The one-tailed student t-
test determined the statistical significance of 
the results. 
 
Systemic toxicology and safety 
 
Safety pharmacology and systemic toxicity of 
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HE3286 were evaluated in GLP compliant stud-
ies at MPI Research (Matawan, MI). Systemic 
toxicity studies were conducted in Sprague-
Dawley rats (4, 13 and 26 weeks) and Beagle 
dogs (4, 13 and 37 weeks). 
 
Rats 
 
Groups of 10-15 rats per sex (10 terminal sacri-
fice, 5 recovery) received daily oral gavage 
doses ranging from 100 to 400 mg/kg HE3286 
formulated as a solution in cyclodextrin in 4-
week studies, and 3 to 200 mg/kg HE3286 
formulated as an aqueous microsuspension in 
13- and 26-week studies that included ophthal-
mic examinations. Recovery animals were 
evaluated 28 days after the end of HE3286 
treatment. A neurological assessment 
(functional observation battery) was performed 
as part of a 4-week study, with daily doses rang-
ing from 100-400 mg/kg HE3286 using meth-
ods described by Moser [48], Meyer [49], Ed-
wards and Parker [50], and Ankier [51]. Toxi-
cokinetics (TK) was measured in satellite ani-
mals periodically throughout each study.  
 
Dogs 
 
Groups of 5 dogs/sex in 4-week studies (3 ter-
minal, 2 recovery) received daily oral gavage 
doses ranging from 13 to 66 mg/kg HE3286 
formulated as a solution in cyclodextrin, and 8 
dogs per sex (5 terminal sacrifice, 3 recovery) 
received 90 and 271 daily doses of HE3286 
formulated in capsules in doses ranging from 1 
to 15 mg/kg. Electrocardiographic exams (ten-
lead measuring RR, PR, and QTc intervals, and 
QRS duration) were performed on all animals 
prestudy and after dosing on the first day and 
during the last week. TK samples were collected 
from all animals periodically throughout each 
study. 
 
Cardiopulmonary safety 
 
Electrocardiographic and pulomonary effects of 
HE3286 were evaluated in beagle dogs.  Three 
males and three females instrumented with 
transmitters for physiological monitoring and 
arterial vascular access ports were randomized 
(Latin square) to receive a once weekly single 
oral dose of vehicle or 16.5, 33, or 66 mg/kg 
HE3286 formulated as a solution in 30% sul-
fobutylether-β-cyclodextrin. Arterial blood pres-
sure, heart rate, and ECG were monitored con-
tinuously for 2 hours prior to dosing and 22 

hours after dosing. Pulmonary and arterial blood 
gas measurements were taken prior to dosing 
and 1, 4, and 21 hours post-dose in sling con-
fined animals using a nose and mouth mask 
and pneumotach spirometer. TK samples were 
collected at 0.5 and 4 hours post-dose.  
 
Measurement of sex steroids in HE3236 
treated animals 
 
Plasma concentrations of estradiol, estrone, 
testosterone, DHEA, androstenedione, and pro-
gesterone were measured during 13-week (rat 
and dog), 26 week (rat), and 39-week (dog) toxi-
cology studies. Plasma (lithium heparin) was 
collected at approximately the same time of day 
prior to dosing on day 1 and after various inter-
vals of dosing, and stored frozen until analyzed 
by LC-MS/MS. 
 
Pitiutary hormones in HE3236 treated animals 
 
Plasma concentrations of follicle stimulating 
hormone (FSH), luteinizing hormone (LH), and 
prolactin were quantified in 13- and 26-week rat 
systemic toxicology studies with ELISA kits from 
USCN-Life (Wuhan, China; FSH and LH) and 
Alpco, (Salem, NH; prolactin) according to the 
manufacturer’s instructions. 
 
The circulating concentrations of adrenocortico-
tropic hormone (ACTH) in dogs were measured 
by ELISA (Calbiotech, Inc., Spring Valley, CA) in 
EDTA plasma collected prestudy and after 13 
weeks of HE3286 treatment. 
 
Metabolite HE3545 toxicology in mice 
 
The toxicity and estrogenic potential of the ma-
jor metabolite of HE3286 in rodents, 17α-
ethynyl-androst-5-en-3α,7β,17β-triol (HE3545) 
were evaluated in female CD-1 mice at MPI Re-
search. Groups of 10 mice received cyclodextrin 
vehicle (10 mL/kg BID), 400 mg/kg HE3545 
(200 mg/kg BID), or 400 mg/kg (200 mg/kg 
BID) HE3286 by oral gavage for 14 days. The 
animals were observed twice daily for signs of 
toxicity. Body weight and food consumption 
were measured weekly. The mice were sacri-
ficed on day 15. Clinical pathology was evalu-
ated by hematology and an abbreviated panel of 
clinical chemistry analytes that emphasized liver 
function. The adrenal glands, liver, and uterus 
from each animal were weighed and examined 
for histopathology. 
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Clinical pharmacokinetics 
 
Clinical studies were approved by RCRC Institu-
tional Review Board (IRB), Austin, Texas and 
Pennington Biomedical Research Center IRB, 
Baton Rouge, LA, and conducted in accordance 
with the Declaration of Helsinki and the Interna-
tional Conference on Harmonization/WHO Good 
Clinical Practice standards. All subjects/patients 
provided written informed consent prior to par-
ticipating in the studies. 
 
Two Phase I clinical studies were conducted to 
evaluate safety, pharmacokinetics, and drug 
metabolism. In one study, two groups of four 
male and four female normal subjects received 
sequential escalating once weekly oral doses of 
10, 25, 50, and 100 mg QD, or 10, 25, and 50 
mg BID. A subsequent double blind placebo 
controlled study was conducted in three cohorts 
of pre-diabetic subjects. Ten to twenty subjects 
per cohort (2:1 active: placebo) received 5 mg 
QD, 5 mg BID, or 10 mg BID or placebo for 28 
days. Eight diabetic subjects received 5 mg BID 
(open label) for 28 days. Blood and urine were 
collected for pharmacokinetics and metabolite 
profiling on day 1 and 28. HE3286 and metabo-
lite concentrations were measured with LC-MS/
MS. 
 
Data analysis and statistical procedures 
 
PK parameters were calculated with WinNonlin 
5.2 (Pharsight, St. Louis, MO). The statistical 
significance of HE3286 mediated changes in 
hormone concentrations in toxicity studies was 
calculated with Student’s t-test or the Mann-
Whitney test using GraphPad Prism software 
(GraphPad Software Inc., San Diego, CA). Sev-
eral methods of statistical analysis were used 
for other toxicological endpoints: Levene’s test 
[52] was used to assess homogeneity of group 
variances. When Levene’s test was not signifi-
cant (p>0.01), a pooled estimate of the vari-
ance (Mean Square Error or MSE) was com-
puted from a one-way analysis of variance 
(ANOVA), followed by a Dunnett’s comparison 
[53] of each treatment group with the control 
group. When Levene’s test was significant 
(p<0.01), comparisons with the control group 
were made using Welch’s t-test [54] with a Bon-
ferroni correction. Leukocyte counts (total and 
differential) were analyzed after log transforma-
tion, and urinalysis results were analyzed after 
rank transformation. All endpoints were ana-
lyzed using two-tailed tests, with significance 

ascribed to p < 0.05. 
 
Results 
 
HE3286 metabolites 
 
In CD-1 mice, GC-MS/MS was used to identify 
possible metabolites of HE3286, monitoring 
masses from 542 to 548 (corresponding to a 
17-ethynyl androstene with 3 oxygen atoms and 
0-3 double bonds), 630-636 (corresponding to 
a 17-ethynyl androstene with 4 oxygen atoms 
and 0-4 double bonds), 718-724 
(corresponding to a 17-ethynyl androstene with 
5 oxygen atoms and 0-5 double bonds), and 
526-528 (corresponding to aromatic analogs of 
HE3286). Only peaks with appropriate mass 
transitions and spectra containing characteristic 
androstene fragments (e.g. M-15, M-90, M-105, 
M-180, M-195, etc.) were considered as poten-
tial metabolites. In mice, HE3286 was con-
verted to its 7α-hydroxy and 7-keto analogs (i.e. 
HE3291 and HE3393 respectively), and several 
triol, tetrol, and diol–keto analogs of the parent 
compound. All these metabolites were sulfated 
and, to a much less extent, glucuronidated. The 
metabolic tree for HE3286 metabolites is 
shown in Figure 1. Using LC/MS-MS, quantita-
tive differences in the HE3286 metabolite pro-
files were observed between species (Tables 1A 
and 1B), but there were no apparent gender 
associated differences. In humans and rabbits 
(only female rabbits were studied), HE3286 was 
the major unconjugated molecular species, and 
HE3291, HE3892, and HE3633 were the major 
metabolites; but in dogs, HE3291 was dominant 
and appreciable amounts of HE3393 were also 
formed. Only rodents formed appreciable 
amounts of HE3545. In mice, the AUCs for 
HE3286, HE3291, HE3393, and HE3545 were 
similar. The 16α-hydroxy tetrol, HE3553, was 
found only in mice. In rats, HE3286 was me-
tabolized almost exclusively into HE3545, which 
was the dominant unconjugated molecular spe-
cies. There was no evidence that enzyme induc-
tion altered metabolite profiles after multiple 
doses in any species.   
 
Nuclear hormone receptor interactions 
 
Nuclear hormone receptor binding and transac-
tivation 
 
The absence of HE3286 interactions with many 
nuclear hormone receptors has been published 
[33], although interactions with the pregnane X 
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or constitutive androstane receptors have not 
been studied. Binding activity is also absent for 
metabolites HE3291 and HE3393 (Ki > 10,000 
nM for AR, ERα, ERβ, PR, and GR). Although 
there was no evidence of nuclear receptor bind-
ing, metabolites HE3291, HE3393, and 
HE3545 weakly transactivated ERα and/or ERβ 
relative to estradiol (Table 2). HE3286 metabo-
lites did not transactivate AR, GR, MR, and 
PPAR. The transactivation potential of metabo-
lite HE3633 was only tested for ERα/ERβ, and 
was negative. 
 
P450 interactions 
 
The ability of HE3286 and metabolites HE3291 
and HE3393 to inhibit or induce the major 
P450 enzymes was measured in vitro. HE3286 
and HE3393 did not inhibit CYP1A2, 2C9, 
2C19, 2D6, or 3A4 (HE3286 IC50 >100 mM; 
HE3393 IC50 >40 mM [HE3393 maximum con-
centration limited by solubility]). HE3291 inhib-
ited CYP3A4 approximately 50% and CYP 2C9 
40% at suprapharmacological concentrations 
(100 mM). HE3286 and HE3393 did not pro-
duce time dependent inhibition, but HE3291 

inhibited CYP3A4 approximately 70% after 
metabolic preactivation. Metabolites HE3633 
and HE3892 were not studied, but HE3892 was 
readily formed by microsomal CYP3A4 in vitro, 
and was thus present in HE3286 microsomal 
incubates, and apparently not a potent P450 
inhibitor. HE3286 was primarily metabolized by 
CYP3A4 in vitro.   
 
CYP7B and 11β-HSD-1 interactions 
 
CYP7B hydroxylates androstenes to form 7α-
hydroxylated products [55, 56] [57] [58] that 
can be epimerized to the 7β- configuration by 
11β-HSD1 [59] [31]. HE3286 and metabolites 
HE3291, HE3393, HE3545, HE3553, and 
HE3633 were incubated with DHEA, a CYP7B 
substrate, and rat liver microsomes that contain 
both CYP7B and 11β-HSD1. The mean concen-
trations of C-7 hydroxylated products, 7α- and 
7β-hydroxy-DHEA, varied less than 10% from 
control values in the presence and absence of 
HE3286 and metabolites, indicating that the 
HE3286 metabolome did not inhibit either enzy-
matic activity.   
 

Figure 1. HE3286 metabolites. HE3286 is extensively metabolized in all species (refer to Table 1). Neither HE3640 
nor HE3633 are aromatized by CYP19. 
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Pharmacokinetics 
 
Clinical pharmacokinetics 
 
In humans, HE3286 was orally bioavailable, and 
exposure was dose proportional from 5 to 100 

mg (Figure 2). Less than 1% of the administered 
dose of HE3286 was found as free steroid in 
the urine. The terminal half-life was slightly 
longer in males than females (T½ 8.2 and 5.4 
hours in males and females respectively). Drug 
plasma concentration curves for 10 mg BID are 

Table 1A. HE3286 metabolites 

  Abundance1,2,3 
Structure* Code Transformation Animals Humans 

3β,7β,17β-triol HE3286 None Major: mouse, dog, monkey.  
Minor: rats Major 

3β,7α,17β-triol HE3291 C-7 inversion Major: mouse, dog.  Minor: rats Major 
3β,17β-diol-7-one HE3393 C-7 oxidation Major: mouse, dog. Minor: rats Minor 

androst-4,6-dien-3-one HE3633 C-3 oxidation and 
dehydration Major: all Major 

3α,7β,17β-triol HE3545 C-3 inversion Major: mouse, rat. Minor: dog, 
rabbit Minor 

3β,7β,16α,17β-tetrol HE3553 C-16 hydroxlation Detected only in mice ND5 
2α,3β,7β,17β-tetrol HE3892 C-2 hydroxylation Major: all (rat4) Major 

*derivatives of 17α-ethynyl-androst-5-ene, except for metabolite HE3633 HE3633 (17α-ethynyl-17β-hydroxy-
androst-4,6-dien-3-one); 1metabolites were not characterized in monkeys; 2considered minor in animals if the 
daily AUC was less than 5% relative to HE3286; 3considered minor in humans if usually undetected from 20 mg 
HE3286 daily dose; 4present as 2α,3α,7β,17β-tetrol in rats, compound code HE3834; 5not detected 

 

 

 
 

 

 

 
 

 

 Table 1B. Relative abundance (%) of HE3286 and major known metabolites in plasma 
Species Gender HE3286 HE3291 HE3393 HE3545 HE3553 HE3633 
Human Male 100 23 0.4 3 <0.1 46 
  Female 100 49 <0.1 1 <0.1 80 
Dog Male 100 479 16 <0.1 <0.1 66 
  Female 100 473 13 <0.1 <0.1 54 
Rabbit Female 100 60 8 1 <0.1 9 
Rat Male 100 3 0.1 401 <0.1 9 
  Female 100 <0.1 0.2 760 <0.1 8 
Mouse Male 100 57 49 59 10 8 

 

Figure 2. HE3286 exposure and half-life in normal subjects. HE3286 is orally bioavailable. Mean drug exposure was 
dose proportional for QD and BID administration schedules in humans (left panel).  In most instances HE3286 was 
found in plasma for the entire 24-hour period following a single dose of 10 to 100 mg.  The terminal half-life of elimi-
nation was approximately 8 hours in males and 5.4 hours in females (right panel). 
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shown in Figure 3. Modest accumulation consis-
tent with this half-life was observed with BID 
dosing schedules. Mean HE3286 plasma con-
centration vs. time profiles for 10 mg BID for 
day 1 and day 28 HE3286 are shown in Figure 
3. Pharmacokinetics was similar in normal and 
pre-diabetic subjects, affected only by body 
mass differences between the two groups.  
 
Pharmacokinetics in monkeys 
 
The absolute oral bioavailability of HE3286 was 
11 % in monkeys. The terminal half-life ap-
peared to be highly variable ranging from 2.1 to 
7.4 hours.  
 
Pharmacokinetics in pregnant rabbits 
 
HE3286 was orally bioavailable in pregnant 
rabbits. The metabolite profile was similar to 
(normal) humans, and quantitatively dissimilar 
to rodents with regard to HE3291, HE3393, and 
HE3545 abundance. In the 130 and 400 mg/kg 
groups, the AUC increased approximately 3-fold 
from GD 6 to 18 (17,800 rising to 48,500 

ng*h/mL for the 400 mg/kg group). The in-
creased exposure appeared to be caused by 
decreased drug clearance, which resulted in 
significant plasma concentrations up to 24 
hours following administration. The terminal 
half-life of elimination was approximately 4 and 
7 hours for 13 and 40 mg/kg respectively on 
both Day 6 and Day 18, and significant dose 
building would not be expected with these half-
lives. In the two highest dose groups the T1/2 
could not be extrapolated, but the 3-fold in-
crease in AUC suggests the T1/2 was approxi-
mately 48 hours, establishing steady state con-
ditions on approximately GD 14 [Rac = 1/(1-e-k) 
for QD dosing]. The increase in T1/2 with in-
creased dose mass is consistent with saturation 
of a clearance pathway, and suggested a possi-
ble role of secondary metabolism as the limiting 
pathway since the major primary metabolites 
(HE3291 and HE3393) were formed in approxi-
mately constant ratios relative to parent drug at 
all doses. However, the subsequent analysis of 
conjugates indicated that the abundance of the 
conjugates paralleled unconjugated drug, leav-
ing the source of the increased AUC as an open 

Table 2. Nuclear hormone receptor transactivation by HE3286 metabolites 
Ligand AR/GRa ERα/ERβb ERβc MR PPAR PPARδ 
DHT 0.06±0.03 (9) 112 408±224 (6) -d -d -d 

Estradiol 987±293 (5) 0.002±0.002(10) 0.04±0.04 (17) -d -d -d 

Dexamethasone 14.1±9.3 (5) -d -d -d -d -d 
Aldosterone -d -d -d 0.018±3.4 -d -d 
Rosiglitazone -d -d -d -d 1.3±0.6 (3) -d 

L165041e -d -d -d -d -d 1.1±0.1 (2) 

HE3286f AQLg 268±25 3,648±540 -d AQLg AQLg 

HE3291 AQLg 162 1,129 AQLg AQLg AQLg 

HE3545 AQLg 1010 NDd AQLg AQLg AQLg 

HE3393 AQLg 9.1 120 AQLg AQLg AQLg 
HE3633 -d AQLg -d -d -d -d 

Results are expressed as the mean EC50 (nM) ± SEM, with independent replicates other than one (n). 
aMDA-kb2 cells are stably transfected with a promoter/reporter construct sensitive to sex steroid receptor stimulation 
(MMTV promoter) fused upstream of a luciferase reporter gene, and endogenously express both AR and GR. 
bT47D-kBluc cells are stably transfected with a synthetic promoter/reporter construct sensitive to estrogenic stimula-
tion, consisting of 3 copies of the estrogen response element (ERE) fused upstream of a luciferase reporter gene, and 
endogenously express both ERα and ERβ. 
cERβ-HEK293 cells are HEK293 fibroblasts transiently co-transfected with an ERE/luciferase promoter/reporter con-
struct and a cDNA expression vector encoding the full-length human ERβ, with virtually undetectable levels of endoge-
nous sex steroid receptors. 
dnot determined. 
e[4-[3-(4-Acetyl-3-hydroxy-2-propylphenoxy)propoxy]phenoxy]acetic acid. 
f(Wang et al., 2010). 
gabove quantifiable limit of 10,000 nM. 
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question. 
 
Safety studies 
 
Genotoxicity 
 
HE3286 was negative for genotoxic effects in 
the reverse mutation, CHO chromosome aberra-
tion, and mouse micronucleus assays. 
 
Systemic toxicity studies in rats 
 
Toxicology in rats was evaluated in GLP oral 
studies up to 6 months in duration. There was 
no systemic or neurotoxicity at daily doses up 
400 mg/kg in 4-week studies, and no toxicity at 
doses of 200 mg/kg and 30 mg/kg in 13- and 
26-week studies respectively. In all studies, 
HE3286 treated males consumed approxi-
mately 30% less food than vehicle controls, and 
gained proportionally less weight, but without a 
correlating pathology or apparent effect on ani-
mal health. Dose dependent, generally mild, 
estrogenic effects were observed in both sexes. 
In relation to potential interactions with preg-
nane X and constitutive androstane receptors, 
which were not studied in vitro, there was no 
evidence of hepatocellular hypertrophy, al-
though hypertrophy was observed in CD-1 mice 
(described below). In 4-week studies, Cmax val-
ues greater than 6,670 ng/mL were achieved in 
males and 7,310 ng/mL in females, with daily 
HE3286 exposures above 21,000 ng*h/mL in 
males and 28,000 ng*h/mL in females.  The 
mean daily HE3286 exposure in 13-week stud-
ies for the highest dose was 7,620 and 11,700 

ng*h/mL in males and females respectively, 
and the corresponding values in 26-weeks stud-
ies were 1,936 and 2,818 ng*h/mL. Metabolite 
exposure was significant only for HE3545 and 
HE3633, with mean daily exposures of approxi-
mately 39,000 ng*h/mL and 730 ng*h/mL, 
respectively for males and females combined in 
the 13-week study, and corresponding values of 
10,300 and 213 ng*h/mL in the 26-week 
study. 
 
Hormonal effects in rats 
 
Estrogenic effects resulting from HE3286 ad-
ministration included dose-dependent atrophy/
degeneration of androgen responsive tissues 
and breast feminization in males, and follicular 
atresia in females, and mild mammary hyperpla-
sia in both sexes. 
 
In the 26-week study, with the exception of 
male breast feminization, estrogenic effects in 
males were similar to studies of shorter dura-
tion, but estrogenic effects in females were gen-
erally milder in the chronic study, or if present, 
indistinguishable from the naturally occurring 
hormonal changes in 8-month-old rats. 
 
In male rats, hormonal effects included a dose 
dependent decrease in prostate weights (11% 
to 60%) that correlated microscopically to atro-
phy and/or decreased secretory product.  Group 
mean seminal vesicle weights were decreased 
30% to 59% for all HE3286-treated male 
groups, with a microscopic correlate of diffuse 
bilateral atrophy.  The absolute weights of the 

Figure 3. HE3286 mean plasma drug concentration profiles in pre-diabetic and diabetic subjects. HE3286 is detect-
able throughout the day with BID dose schedules for daily doses of 10 or 20 mg. Pre-diabetic subjects received 10 
mg BID for 28 days (left panel). Diabetic subjects received 5 mg BID for 28 days (right panel). 
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epididymides were also decreased, and al-
though this effect may have been primarily due 
to decreased body weight, there were still micro-
scopic observations of oligospermia and atro-
phy.  Testicular weights were not decreased, but 
there were microscopic observations of Leydig 
cell depletion.  Breast feminization was ob-
served in all treated males. Minimal to mild 
mammary gland lobular hyperplasia and galac-
tocele were observed in a minority. 
 
In long-term studies, hormonal effects in female 
rats were limited to a few observations of mini-
mal to mild mammary gland lobular hyperplasia, 
and occasional observations of galactocele. 
Rats at 7-8 months of age generally have al-
tered estrous cycles due to ovarian senescence, 
and exhibit histological characteristics of persis-
tent estrus. Microscopic changes in the ovaries 
that are associated with senescence include 
atrophy, absence of corpora lutea, persistent 
corpora lutea, and follicular cysts. No HE3286 
treatment related-effects on the altered estrous 
cycle of senescence were observed. 
 
In studies of shorter duration, observations in 
females included minimal to mild mammary 
hyperplasia and increased follicular atresia, and 
minimally to severely decreased corpora lutea. 
The latter two effects would be difficult to distin-
guish from ovarian senescence in 8-month old 
rats. Chronic dosing did not increase the inci-
dence and/or severity of mammary hyperplasia. 
 
Interestingly, pituitary weights were increased in 
both sexes (1.3-fold in females, 1.7-fold in 
males), but without abnormal histopathology, 
and without measurable effects on plasma con-
centrations of FSH, LH, and prolactin. 
 
Longitudinal and group-wise terminal measure-
ments of pituitary hormones (FSH, LH, and 
prolactin) and sex steroids (estradiol, estrone, 
progesterone, testosterone, androstenedione, 
and DHEA) were not useful in identifying either 
a molecular or physiological mechanism 
through which HE3286 exerts its estrogenic 
effects in rats.  Absolute concentrations and 
patterns of pituitary hormone fluctuations were 
similar in vehicle and HE3286 treated rats. 
Prolactin was not increased in response to the 
estrogenic influence of HE3286 treatment. 
 
Twenty-six weeks of HE3286 treatment had 
variable effects on serum concentrations of sex 

steroids. HE3286 decreased estradiol approxi-
mately 75% in females at all dose levels, and 
estradiol concentrations were less than 5 pg/
mL in males, treated and untreated, and thus 
estrogenic effects in either sex did not appear 
to be the result of increased endogenous estra-
diol.  Other sex steroids were stable or decreas-
ing over the course of the study in both sexes. 
 
Systemic toxicity studies in dogs 
 
HE3286 was well tolerated in canine oral toxi-
cology studies of up to 9 months duration. The 
no-observable-adverse-effect-level for the 13- 
and 37-week studies corresponded to the high-
est doses evaluated, 15 and 10 mg/kg respec-
tively. There were no gender specific or sex hor-
mone effects. Specifically absent were electro-
cardiographic abnormalities and effects on cir-
culating adrenocorticotropic hormone (ACTH). In 
13-week studies, toxicokinetic measurements 
demonstrated a mean daily HE3286 exposure 
for males of 6,780 ng*h/mL and 6,280 ng*h/
mL in females, with corresponding values in 39-
week studies of 4,054 and 2,210 ng*h/mL.  By 
way of comparison, HE3286 exposure in hu-
mans is typically less than 100 ng*h/mL with 
the most commonly investigated dose of 10 mg 
per day. 
 
Metabolite (HE3545) toxicology in mice 
 
HE3545 is the major HE3286 metabolite in 
rats, and as a free steroid is generally present 
at 3-6 times the concentration of HE3286. The 
primary objective of the study was to determine 
if HE3545 was estrogenic in rodents. HE3545 
did not significantly increase uterine weight, 
while HE3286 increased uterine weight over 
90%. Both HE3286 and HE3545 increased liver 
weight and caused panlobular hepatocyte hy-
pertrophy. No other effects were remarkable. 
The failure of HE3545 (and metabolites) to in-
crease uterine weight indicated that HE3545 
and metabolites were not the source of estro-
genic effects observed with HE3286 in rodents.   
 
Discussion 
 
HE3286 is active in inflammatory disease and 
T2D rodent models [33-35] [15, 33-39], but 
without the side effects of glucocorticoids. 
HE3286 counters dexamethasone induced 
bone loss (Harbor BioSciences, unpublished) 
and the natural analog of HE3286, βAET, abro-
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gates glucocorticoid mediated bone resorption 
[60], and was reported to counter the immuno-
suppressive effects of cortisol [17]. HE3286 
itself is not immunosuppressive and does not 
interfere with the anti-inflammatory activity of 
exogenous dexamethasone [38]. Mechanisti-
cally, the anti-inflammatory and anti-diabetic 
activity of HE3286 stem from regulation of the 
MAPK and NF-kB signal transduction pathways 
[33, 34], and the molecular target has recently 
been identified (manuscript in preparation). 
 
In our nonclinical studies, HE3286 was found to 
have low potential for systemic toxicity and neg-
ligible interactions with the HPA and HPG axis, 
but decreased weight gain and estrogenicity 
were found as rodent specific treatment effects. 
These effects raised concerns for estrogenic 
potential in humans and led to longer-term stud-
ies to characterize the biochemical changes 
associated with HE3286 treatment. In addition 
to estrogenicity in rats, HE3286 was also estro-
genic in mice, where it produced uterine hyper-
trophy (only female mice were studied), an ef-
fect not found in rats. Interestingly, ERα activa-
tion has reported to decrease weight gain and 
food intake in females rats [61, 62]. Although 
we did not find publications on the anorexigenic 
activity of estradiol in males, the magnitude of 
estadiol’s effect in ovariectomzed female rats 
was similar to our results with HE3286 in males 
[63]. We do not believe decreased weight gain 
was related to the induction of thermogenesis 
as reported for DHEA [64], because DHEA ther-
mogenesis did not affect caloric intake whereas 
HE3286 treatment reduced food intake. 
Anorexigenic activity may also be strain specific, 
since it was absent in Zucker diabetic fatty rats 
(CDF-Leprfa/Crl) [34], and db/db (BKS.Cg-m +/+ 
Leprdb/J) mice [33]. 
 
Characterization of nuclear hormone receptor 
interactions with the HE3286 metabolome did 
not identify a source of the differential estro-
genic effects observed between rodent and non-
rodent species. HE3286 and several metabo-
lites weakly transactivated ERα in vitro, al-
though none were found to have appreciable 
interactions with the ligand-binding domain of 
nuclear receptors. Moreover, in vitro transacti-
vation data for ERα did not correlate with the 
absence of estrogenicity observed in vivo in 
dogs.   
 
Because of the structural similarity between the 
HE3286 metabolome and sex steroids, we 

measured the plasma concentrations of en-
dogenous hormones that could be affected by 
the HPA or HPG axis. There was no apparent 
treatment effect on estradiol, estrone, testoster-
one, androstenedione, DHEA and progesterone 
that could explain the estrogenic effects in rats, 
noting that median concentrations of sex ster-
oids were lower in HE3286 treated female rats 
than in corresponding vehicle controls, and es-
tradiol was below the limit of detection (5 pg/
mL) in male rats. Mammary glands effects 
(lobular hyperplasia, galactocele, and male 
breast feminization), were consistent with an 
estrogenic effect that should have been accom-
panied by a large increase in serum prolactin 
[65, 66]. However, HE3286 did not alter serum 
levels of prolactin and other pituitary hormones. 
Male breast feminization was exacerbated by 
prolonged treatment, but testicular effects were 
not, suggesting equilibrium between HE3286 
atrophic and endogenous regenerative influ-
ences on the testes, but none of the estrogenic 
effects in females were exacerbated by ex-
tended treatment. Additional experiments in 
male rats found that the estrogen receptor an-
tagonist, ICI182,780, blocked HE3286 medi-
ated atrophic testicular effects, confirming the 
estrogenic nature of the effect, rather than anti-
androgenic anti-androgenic (Harbor BioSci-
ences, unpublished). The contrast in chronic 
effects between males and females may sug-
gest a dependence on the HPG axis, which is 
functional in males throughout life. 
 
HE3286 was extensively metabolized in all spe-
cies studied, and although HE3286 metabolism 
was quantitatively different between rats, dogs, 
and humans, our data indicated that the com-
plementary set of metabolites in rats and dogs 
measured in toxicology studies completely en-
compassed and over represented all metabo-
lites anticipated and subsequently quantified in 
human clinical studies. Because HE3286 elic-
ited estrogenic effects in rodents, we were 
keenly interested in the potential for estrogenic 
metabolites, and because HE3286 was not es-
trogenic in dogs, we focused on identification of 
possible rodent specific metabolites. Our inves-
tigations revealed no metabolites bearing the 
aromatized A-ring of a classic estrogen. The 
HE3286 metabolite profile in rats was domi-
nated by 17α-ethynyl-androst-5-ene-3α,7β,17β-
triol (HE3545), a compound that after admini-
stration to rodents produced a plasma metabo-
lite profile similar to HE3286, except that 
HE3286 was negligible. We administered large 
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doses of HE3545 to mice without inducing es-
trogenic effects, suggesting that the HE3545 
metabolome was not responsible for estrogenic 
effects. 
 
An unexpected metabolite discovery, HE3633 
(17α-ethynyl-17β-hydroxy-androst-4,6-dien-3-
one), forms through spontaneous dehydration 
of an unstable 17α-ethynyl-7β,17β-dihydroxy-
androst-5-en-3-one intermediate. The analogous 
metabolite of androst-5-ene-3β,7β,17β-triol 
(βAET),7β,17β-dihydroxy-androst-5-en-3-one, 
was also found after βAET administration to 
both rodents and humans (Harbor BioSciences, 
unpublished). To our knowledge the metabolic 
conversions of 7-hydroxy-5-androstenes to an-
drost-4,6-dien-3-ones has not been previously 
described, indicating them to be newly discov-
ered components of the metabolome. Both the 
natural and synthetic di-ene metabolites were 
potential substrates for CYP19 (aromatase) be-
cause of the similarity to testosterone (3-keto-4-
ene), but neither were aromatized, nor were 
HE3286, HE3291, HE3393, and HE3545. 
 
As 7-hydroxy androstenes are not metabolized 
to potent androgens and estrogens [26], we 
assume that estrogenic effects in rodents were 
caused by an as yet unidentified metabolite (not 
found in other species) or rodent specific tran-
scription factors that permit ERα transactivation 
by a component of the HE3286 metabolme. 
 
HE3286 and metabolites did not have clinically 
significant potential to interact with the major 
P450 enzymes, which is an important feature of 
a drug intended for use in combination with a 
wide variety of the co-medications currently 
used to manage chronic inflammatory condi-
tions.  The lack of CYP3A4, CYP7B and 11β-
HSD1 interactions also has important implica-
tions regarding local regulation of inflammation 
in tissues. CYP3A4, CYP7B and 11β-HSD1 are 
involved with 7-hydroxylation reactions in the 
formation of βAET (anti-inflammatory) and its 17
-keto form (pro-inflammatory) [18, 67]. The tran-
scription of these enzymes is regulated by in-
flammatory cytokines to form an inter-
dependent regulatory network [31, 68-70], so 
that inhibition of either enzyme would have un-
predictable consequences for clinical safety and 
efficacy. 
 
HE3286 was orally bioavailable in all species. 
The oral bioavailability in monkeys was esti-
mated to be approximately 11%. Although low in 

comparison to synthetic glucocorticoids [27], it 
is superior to DHEA [20], and adequate to 
achieve pharmacologically active exposures in 
humans with low doses. The margin of safety at 
these low doses is greater than 20-fold. The half
-life of HE3286 in humans is approximately 8 
hours in males and 5 hours in females. It is 
amenable to dosing either once daily with a high 
dose or twice daily with a lower dose, which was 
adopted for early phase clinical activity trials to 
reduce fluctuation of the plasma drug concen-
tration. 
 
Phase I/II clinical trials have been conducted for 
type 2 diabetes (manuscript submitted), ulcera-
tive colitis, and rheumatoid arthritis. The 
breadth of potential clinical indications for 
HE3286 necessitates a safety profile that is 
free of clinically significant toxicities and side 
effects, and that can be used safely in combina-
tion with other medications. Long-term toxicol-
ogy studies with HE3286 did not identify an 
adverse effect that would limit its clinical utility. 
Of particular interest for new type 2 diabetes 
medications is the potential to cause or exacer-
bate congestive heart failure, which has been 
recognized by the USFDA as a safety concern for 
several of the widely prescribed PPAR agonists. 
In contrast to PPAR agonists, cardiopulomonary 
edema was not found in HE3286 in nonclinical 
safety studies, and considering the reported 
anti-inflammatory activity, HE3286 might also 
be expected to decrease microvascular disease. 
 
HE3286 is the first member of the DHEA me-
tabolome to undergo extensive pharmacological 
and safety profiling. Although earlier studies 
demonstrated that HE3286 possessed potent 
anti-inflammatory activity, many questions re-
mained regarding the potential for toxicity and 
untoward interactions with endogenous hor-
mone signaling networks, especially with 
chronic exposure. The information gathered 
indicates that HE3286 should be safe for 
chronic use, and paves the way for clinical trials 
with this new class of immune modulating ster-
oid and brings us one step closer to translating 
in humans the broad spectrum of immune 
modulating activity exhibited by DHEA in ro-
dents.   
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