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CHAPTER 1. INTRODUCTION
Androgenic hormones, such as dehydroepiandrosterone (DHEA), androstenedione,
and androstenediol, are sold as nutritional supplements for the purposes of increasing serum
testosterone concentrations and enhancing the adaptations to resistance training. Use and
sales of androgenic hormone supplements dramatically increased following the highly
publicized use of androstenedione by Mark McGwire during the 1998 Major League
Baseball season when he set a new single season home run record (1,2).
The purported efficacy of androstenedione as an anabolic agent is based upon a single
study in which 100 mg androstenedione intake in two women increased serum testosterone
concentrations ~ 6 fold (3) and a patent application from Germany that claimed remarkable
increases in serum testosterone following androstenedione intake (4). Despite the popularity
of androstenedione as a nutritional supplement, there was no evidence that androstenedione
was an anabolic agent.
In 1999, King et al. (5) were the first to report that ingesting 100 mg androstenedione
t.i.d. day does not increase serum testosterone concentrations, muscle mass, or strength in
young men. Other researchers also reported that ingesting 100 mg androstenedione does not
increase serum testosterone concentrations (6-8) or increase muscle protein synthesis (8) in
young men.
Beginning around age 30, there is a steady decline in serum testosterone
concentrations as men age (9). Since androstenedione ingestion increases serum testosterone
concentrations in women (3), who have much lower testosterone concentrations than young
men, ingesting testosterone precursors may increase serum testosterone concentrations in
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older men. Therefore, one purpose of this project was to determine the serum testosterone
response to ingesting 100 mg androstenedione or androstenediol t.i.d. in men 30-60 years
old.
While testosterone precursor ingestion has no effect on serum testosterone
concentrations, ingesting androstenedione or androstenediol does increase serum estrogen
concentrations (5-8,10). Indole-3-carbinol (I3C) and chrysin are herbal extracts reported to
prevent the aromatization of androgens into estrogens (11-14). Hence, ingesting I3C and
chrysin in conjunction with testosterone precursors may prevent the conversion of the
testosterone precursors into estrogens.
Androstenedione and androstenediol can also be converted to dihydrotestosterone
(DHT) (15,16). Saw palmetto and gamma linolenic acid (yla) are herbal extracts that may
inhibit the enzyme 5a reductase that converts androgens into DHT (17-20). Thus, ingesting
saw palmetto and yla may prevent the conversion of testosterone precursors into DHT.
Tribulus terrestris (TT) is an herbal extract claimed to enhance serum luteinizing
hormone concentrations with a subsequent increase in serum testosterone, although this has
not been proven.
Hence, the use of chrysin, I3C, saw palmetto, yla, and TT in conjunction with
testosterone precursors may prevent the conversion of testosterone precursors into estrogens
or DHT, resulting in increased serum testosterone concentrations. Although ingesting a
nutritional supplement that contains androstenedione, DHEA, saw palmetto, TT, I3C, and
chrysin does not increase serum testosterone concentrations in young men (21 ), the effects of
a nutritional supplement that combines herbal extracts with testosterone precursors in older

men is unknown. Another purpose of this project was to determine the hormonal response to
testosterone precursor nutritional supplements that include herbal extracts in older men.
Ingested androgens are subjected to a digestive catabolism and hepatic extraction,
limiting the amount of testosterone precursor that can enter the circulation and be converted
to testosterone (22,23). The hormonal response to a testosterone precursor administered in a
manner that bypasses digestion and first pass catabolism is currently unknown. The final
purpose of this project was to determine the acute hormonal response to a mode of androgen
delivery that bypasses digestion and first pass catabolism.

Dissertation Organization
Following this introduction and a review of literature, four manuscripts addressing the
effects of androgenic hormone supplementation in men will be presented as separate
chapters.
Chapter 3:

Brown, G.A., M.D. Vukovich, E.R. Martini, M.L. Kohut, W.D. Franke,
D A. Jackson, and D.S. King. Endocrine response to chronic
androstenedione intake in 30-56 year old men. J Clin Endocrinol Metab.
85:4074-4080, 2000.

Chapter 4:

Brown, G.A., M.D. Vukovich, E.R. Martini, M.L. Kohut, W.D. Franke,
D A. Jackson, and D.S. King. Effects of androstenedione-herbal
supplements on serum sex hormone concentrations in 30-59 year old
men. IntJ Vitam Nutr Res. 71: 293-301, 2001.

Chapter 5:

Brown, G.A., M.D. Vukovich, E.R. Martini, M.L. Kohut, W.D. Franke,
D A. Jackson, and D.S. King. Endocrine and lipid responses to chronic
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androstenediol-herbal supplementation in 30 to 58 year old men. J Am
CollNutr. 20: 520-528, 2001.
Chapter 6:

Brown, G.A., E.R. Martini, B.S. Roberts, M.D. Vukovich, and D.S.
King. Acute hormonal responses to sublingual androstenediol intake in
young men. JAppl Physiol. 92: 142-146, 2002.

The final chapter discusses the conclusions that can be drawn from this body of work,
and future directions for research. Since chapters 3-6 are previously published works, the
figures will be referred to numerically as they are in the original publications and not
sequentially by order of appearance in this dissertation.
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CHAPTER 2. REVIEW OF LITERATURE

Introduction
Steroid biosynthesis is a complex process beginning with cholesterol, either from
dietary sources or de novo synthesis, and ending with urinary excretion (Figure 1). Steroid
hormones are formed in the adrenal glands, testes, and ovaries. In addition,

Cholesterol
A|

Pregnenolone

• Progesterone

17 a hydroxypreenenolone

17 a hydroxyprogesterone

<7DHEA-S

<

•

Androstenediol
Dihvdrotestosterone <
5P,3P-Androstanediol

J-

-» Estrone (E,)

>HEA

Androstenedione

— Testosterone
• Estradiol (E2)
Androstanedione
5a,3a-Androstanediol
Estriol (E3)

I

5p,3p-Androstanetriol
A - R 450 Side Chain Cleavage
B- 3 P hydroxyilerold dehydrogenase
C = 17 a hydroxylase
D = P450 17,20 lyase

Figure 1.

I

5a,3a-Androstanetriol
E = P4S0 Aromaiase
F« 17 p hydroxysleroid dehydrogenase
G = 5 a reductase
H = keloreductase

Pathways of steroid biosynthesis and interconversion.

there is a great deal of hormonal interconversion that occurs within adipose tissue, muscle
tissue, and other peripheral tissues (15,16,24,25). This review of literature will explore the
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formation and interconversion of steroid hormones, the biological effects of these hormones,
and the current state of knowledge regarding the use of androgens as nutritional supplements.

Sex Steroids
Sex steroids are cholesterol-derived hormones that influence the development of
primary and secondary sex characteristics. Androgenic hormones are C-19 steroids that
contribute to the development of male reproductive function. In addition to their role in the
development of sexual characteristics, some androgenic hormones also have muscle building,
or anabolic, properties (15,26,27).
Estrogenic hormones are C-18 steroids that have effects not only on feminine breast
development, but also on bone growth, vascular structure and function, mental development,
and reproductive function in both genders. Estrogens may counteract or accentuate the
effects of androgens, depending upon the target tissue (28-31).
The formation of steroids from cholesterol is a complex process that involves
multiple enzymatic steps and intermediary hormones. Once formed, androgens are converted
into estrogens, DHT, or inactive metabolites in the peripheral tissues (Figure 1). Steroids are
eliminated from the body in the form of inactive, glucuronidated metabolites and active
urinary metabolites such as DHT and estriol (15).

Testosterone
Testosterone (17P-hydroxyandrost-4-en-3-one) is the principal androgen, formed
primarily in the ovaries in females and testes in males. The secretion of testosterone is
regulated by the hypothalamus through the release of luteinizing hormone (LH).
Testosterone is formed from cholesterol, which is synthesized de novo or derived from low-
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density lipoproteins. Testosterone is also formed from precursor steroids such as
androstenedione in peripheral tissues.
Testosterone has both androgenic and anabolic properties. Normal serum
testosterone concentrations are -10-20 fold higher in men than those found in women, which
accounts for the larger muscle mass and strength commonly observed in males (15,32). Only
testosterone free from sex-hormone-binding globulin (SHBG), representing -2% of the total
plasma testosterone (free, or bio-available, testosterone), is available for metabolism. Of the
testosterone not available for metabolism, -60% is bound to SHBG, and the remaining -38%
is bound to albumin (15,33-35).
Roughly one half of the daily excretion of testosterone metabolites is in the form of
urinaiy androstenedione and etiocholanolone. The remaining urinary steroids are in the form
of polar metabolites (diols, triols, and conjugates) formed from testosterone as a prohormone.
These urinary metabolites are predominantly inactive (15,22).
Testosterone can be irreversibly converted to active metabolites such as DHT and
estrogens (15,24,25,36,37). Dihydrotestosterone has no apparent effect on skeletal muscle
(38) but has a higher binding affinity for both the androgen receptor and SHBG than does
testosterone, making DHT a potent mediator of testosterone activity (35,39).
Dihydrotestosterone, which is a 5a reduced steroid, has been linked to prostatic hypertrophy
(40-43). In males, the majority of estrogens are formed by aromatization of androgens in the
central nervous system and peripheral tissue (15,24,37). Estradiol formation involves
sequential hydroxylation, oxidation, removal of the C-19 carbon, and aromatization of the A
ring of testosterone. Of the 45 jig of estrogens produced each day by the average young man,
85-90% is from aromatization with the rest being directly formed in peripheral tissue (15,44).
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Aging and Testosterone. In men, serum total testosterone concentrations remain constant
throughout much of adulthood, and do not decline until the 7th or 8th decade of life.
However, serum free testosterone concentrations peak in the third decade of life, and then
gradually decrease throughout the remaining years due primarily to an increase in SHBG
concentrations (9,27,45,46). This age-related decline in serum free testosterone
concentration is thought to contribute to the reduced muscle mass, loss of libido, and
increased adiposity in aged men (27,47).
Testosterone and Muscle Mass. Testosterone stimulates muscle protein synthesis by
activating a nuclear hormone receptor complex that increases mRNA and DNA synthesis
(15,48,49). Plasma testosterone concentrations increase transiently due to a bout of
resistance exercise (50-53). Although resistance exercise does not alter serum testosterone
concentrations beyond a transient increase (33,54,55), resistance exercise promotes increased
muscle mass indicating that this brief elevation in serum testosterone has an effect on muscle
protein synthesis.
Testosterone Administration. Anabolic steroids are exogenous substances taken either orally
or intramuscularly to mimic or enhance the effects of testosterone on muscle protein
synthesis. Early research indicated that anabolic steroids may not increase muscle mass or
strength (56-58). However, many of these early studies used insufficient doses to cause an
anabolic effect (56,59-61). Bhasin et al. (62) were the first to demonstrate conclusively that,
when given in sufficient doses, anabolic steroids result in increased muscle mass and
strength. Although the use of anabolic steroids is banned in many sports and the use of
anabolic steroids is associated with negative health consequences (61,63), anabolic steroids
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have an important therapeutic role in the treatment of hypogonadism (64-66), age-related
androgen deficiency (67), and muscle wasting diseases (68).
Mode of Delivery. Oral ingestion of testosterone produces minimal effects on muscle mass
and serum testosterone concentrations, due to the processes of digestive breakdown and
hepatic catabolism. Morton and Tait (23) observed that as much as 89% of an ingested
androgen is destroyed by the digestive process. Of the remaining androgen that reaches the
blood, -98% is destroyed by hepatic catabolism. Thus, very little of an ingested androgen
reaches the target tissues.
Therefore, effective testosterone administration requires administration in a route that
avoids digestion and hepatic extraction. One such method is sublingual administration, with
the androgen being absorbed by the oral submucosa. Unfortunately, androgens are
hydrophobic molecules that are not effectively absorbed across the submucosal membranes.
However, the combination of testosterone with cyclodextrins, a starch-derived molecule that
forms a hydrophilic inclusion complex with an androgen, increases in serum testosterone
concentrations (64,65,69-71). Intramuscular injection of testosterone enanthate is another
method of delivery that avoids digestion and hepatic catabolism and is frequently used for
testosterone replacement therapy and as an anabolic agent (48,62,67). Another successful
mode of androgen administration is ingested synthetic testosterone analogs (such as
methandienone, stanozolol, and nandrolone) that are not destroyed by digestion and hepatic
catabolism. However, these substances have more pronounced side effects than do other
mode of testosterone administration (57,72,73).
Side Effects with Anabolic Steroid Use. Abnormally high concentrations of serum
testosterone are associated with abnormal cholesterol metabolism (74,75). The use of
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anabolic steroids is associated with a decrease in serum high-density lipoprotein cholesterol
concentrations (HDL-C) (76,77) and specifically HDL-2, due to an increase of hepatic
triglyceride lipase activity (78). The reduced HDL-C associated with anabolic steroid use is
reversed once steroid use has been discontinued (68,79).
Use of exogenous testosterone and anabolic steroids is associated with impaired
gonadal function due to negative hypothalamic-pituitary-adrenal feedback as evidenced by
reduced serum LH and follicle stimulating hormone (FSH) concentrations. This impaired
gonadal function results in lowered production of endogenous testosterone and impaired
reproductive function (68,79). Although it has generally been thought that gonadal function
returns after steroid use has been discontinued, it now appears that prolonged use of anabolic
steroids may result in permanent hypogonadism (80).
Other negative side effects associated with anabolic steroid use include
masculinization of women, gynecomastia in men, psychological dependency, aggression,
baldness, and prostate enlargement (68,79). These side effect are not all directly related to
testosterone, but are caused by the conversion of testosterone to DHT or estradiol.

Dehydroepiandrosterone
Dehydroepiandrosterone (3P-hydroxy-5-androsten-17-one) is formed from 17a
hydroxypregnenolone via 17, 20 lyase primarily in the adrenal glands.
Dehydroepiandrosterone and its sulfate ester, DHEA-S, are the most abundant steroids in the
circulation. Serum concentrations of DHEA peak in the third decade of life and then
progressively decline with advancing age (15,81). In spite of the large quantities of DHEA
in the blood, its physiologic role is unclear.
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Once formed, DHEA is converted to androstenedione via 3 (3 hydroxysteroid
dehydrogenase (3(3 HSD) (40,82) or androstenediol via 17(3 hydroxysteroid dehydrogenase
(17(3 HSD) (83). Dehydroepiandrosterone is also converted to estrogens or inactive
metabolites (15,40). It appears that the primary fate of endogenous DHEA is conversion to
other hormones (84,85), with DHEA being an estrogen precursor in men and an androgen
precursor in women (83,86).
DHEA Intake. The use of DHEA as a nutritional supplement is advertised to enhance
feelings of health and vitality, provide anti aging benefits, as well as reduce obesity and
improves athletic performance. However, research on DHEA intake has produced mixed
results.
Ingesting DHEA increases serum DHEA and androstenedione concentrations in men
and women alike (87-92). Ingesting DHEA also increases serum testosterone and DHT
concentrations in women (89-91,93) but not in men (87-92). Ingesting DHEA also does not
alter serum estrogen concentrations in men (88-92) except those over age 70 (87). The lack
of change in serum testosterone or estrogens in spite of increased serum DHEA and
androstenedione with DHEA ingestion is difficult to explain.
Labrie et al. (94) found that DHEA administration results in the formation of only
inactive steroid metabolites in serum. They suggested that the inactive steroid metabolites
formed with DHEA use indicate intracellular conversion of the DHEA into potent androgens,
such as testosterone, which are then rapidly converted into inactive metabolites before
moving into the circulation. This intracrine conversion of ingested DHEA to active steroids
suggests that DHEA intake should provide anabolic effects.
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Despite of a lack of change in serum testosterone with DHEA intake, Nestler et al.
(95) found that when young men ingested 1,600 mg/day DHEA for 4 weeks, body fat mass,
assessed via skinfold measurement, was reduced by 31 percent. However, these results were
not duplicated when Welle et al. (92) administered 1,600 mg/day DHEA to men and assessed
body composition with more precise measurements (total body water and total body
potassium). In addition, ingesting DHEA did not enhance muscle mass or strength gains
associated with resistance training (88,96). Therefore, in spite of the potential for DHEA to
be converted into testosterone, DHEA intake does not alter body composition or muscle
strength in men, and is thus not likely to be an anabolic substance.
Side Effects with DHEA Intake. The use of DHEA as a nutritional supplement is associated
with hirsutism, acne, reduced serum HDL-C, and insulin resistance in women (89,90,93). In
men, it appears that DHEA intake is free from negative side effects (88-92,95,96) aside from
elevated estrogens in men over 70 years of age (87).

Androstenedione
Androstenedione (Androst-4-ene-3, 17-dione) is formed primarily in the adrenal
glands, either from DHEA through 3p HSD (82) or from 17a hydroxyprogestrone via 17,20
lyase (97). Androstenedione has little androgenic or anabolic properties, and appears to be
primarily a precursor to other hormones (15,98). Androstenedione is reversibly converted to
testosterone via 17PHSD (97), Horton and Tait (23) observed that testosterone converted to
androstenedione more readily than androstenedione converted to testosterone.
It is currently unclear whether androstenedione is converted directly into DHT via 5a
reductase, or first converted to testosterone and then into DHT. Regardless of the steps in the
conversion of androstenedione into DHT, Longcope and Fineberg (16) estimated that 14% of
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circulating DHT arises from the 5a reduction of androstenedione in adipose tissue alone
indicating that androstenedione is a significant precursor for circulating DHT in men.

P4S0 Aromatase
Km= 27 nmol/L
Vmax = 0.09 pmol/g/h

P450 Aromatase
Km - 25 nmol/L
Vmax = 0.072 pmol/g/h

Estrogens

Dihydrotestosterone

Km = 120-211 nmol/L
Vmax = 0.025pmol/g/h

5a Reductase

Androstenedione

Androstenediol
3$ HSD
Km = 290 nmol/L
ymax = 0.0098 pmol/g/h

Figure 2.

5a Reductase

Testosterone

17$ HSD
Km = 1,500 nmol/L
y~ 0.0084 pmol/g/h

Enzyme kinetics for selected enzymes of androgen formation.

Bruch et al. (102) concluded that the limiting factor in the conversion of
androstenedione to DHT is substrate availability and enzymatic kinetics. Androstenedione is
also converted into estrone via P450 aromatase (15), and then to estradiol via 17(3 HSD (97).
Longcope et al. (24) observed that the majority of circulating estrogens in men arise from
peripheral conversion of androstenedione. The major site for aromatization is adipose tissue;
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5a reduction is prostatic tissue, and 17p HSD activity in skeletal muscle. Based on studies in
these tissues, the enzyme kinetics for aromatase in adipose tissue (Km = 25 nmol»L"', Vmax =
0.072 pmol/g/h) (99) and 5a reduction in prostate (Km = 120-211 nmol*L"', Vmax = 0.025
pmol/g/h) (36,100) of androstenedione favor the production of estrogens and DHT compared
to the 17P-HSD conversion of androstenedione to testosterone in skeletal muscle (Km=1,500
nmol*L"', Vmax = 0.0084 pmol/g/h) (97,101) (Figure 2). Based on the kinetic data and studies
with radiolabeled androstenedione, it appears that androstenedione is not converted
appreciably to testosterone in men, and is unlikely to be an effective testosterone-enhancing
agent.
While this data on steroidogenic enzyme activity indicates that androstenedione does
not alter serum testosterone, but increases DHT and estradiol concentrations, it is important
to note that this data does not necessarily reflect the activity of enzymes in vivo. Enzyme
activity in vivo can be altered due to transient or localized changes in pH, temperature, the
endocrine milieu, or any combination of these. In addition, steroidogenic enzyme activities
are altered by age, gender, and vary by tissue (36,97,100). Finally, a favorable Vmax may
mitigate an unfavorable Km. These considerations make it very difficult to predict the
response to androstenedione administration without in vivo testing.
Androstenedione Intake. In spite of the above-mentioned data, androstenedione as a
nutritional supplement has been widely advertised as a testosterone enhancer and anabolic
agent. Support for this claim is provided from a single study in 1962, in which serum total
testosterone concentrations were increased approximately 5 fold after two women ingested
100 mg androstenedione (3). In addition, a German patent application claimed that a single
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dose of 50 mg androstenedione increased serum testosterone by more than 100% and 100 mg
increased serum testosterone by more than 300% (4).
In 1998, when Mark McGwire was in the process of setting a Major League Baseball
single season home run record, it was discovered that he was using androstenedione. Sales
of androstenedione increased dramatically after this revelation (1). In spite of the success of
Mr. McGwire and the popularity of androstenedione as a nutritional supplement, there was
no scientific evidence evaluating the ergogenic effects of androstenedione intake.
King et al. (5) were the first to report that ingesting 100 mg androstenedione does not
acutely increase serum testosterone concentrations in college-aged men or alter serum
testosterone concentrations or enhance the gains in muscle mass or strength during an 8 week
resistance training program in college aged men. Others have subsequently reported that
ingesting androstenedione in doses of 50 - 100 mg does not increase serum testosterone
concentrations (6-8,21), enhance the adaptations to resistance training (10,21,96), or promote
muscle protein synthesis (8).
In contrast to the reports that 50-100 mg androstenedione intake does not alter serum
testosterone concentrations in men (6-8,21), two reports have indicated that androstenedione
intake increases serum testosterone when taken in larger doses (6,103). Earnest et al. (103)
reported that serum testosterone concentrations were higher during 90 min following the
ingestion of 200-mg androstenedione compared with placebo. However, neither free nor
total testosterone concentrations were significantly higher at any time point following
ingestion of androstenedione. It addition, it appears that the area under the curve, as
calculated by these authors, included the area attributable to baseline which was higher
during the androstenedione trial. Leder et al. (6) reported that serum testosterone
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concentrations in young men were not altered by ingesting 100 mg androstenedione but were
increased by 34% during 8 h following a single 300-mg dose. Taken together, the data
indicate that serum testosterone concentrations in young men are not altered by
androstenedione intake unless the dose is at least 300-mg. There has not been an effort to
evaluate any possible age related response to androstenedione intake.
Side Effects with Androstenedione Intake. Prolonged androstenedione intake is associated
with reduced serum HDL-C (5,10,21) and increased serum estrogen concentrations
(5,6,10,21). It appears that androstenedione intake in doses up to 300 mg/day does not
change serum LH or FSH concentrations, suggesting no negative hypothalamic-pituitaryadrenal feedback (5,21). Interestingly, androstenedione intake in rats causes enlargement of
the aggression center of the brain (104), suggesting that androstenedione intake could cause
"Roid Rage" similar to anabolic steroids. However, this effect has not been scientifically
investigated in humans. The effect of androstenedione intake on serum DHT or prostate
function is currently unknown.

Androstenediol
Androstenediol (4-androstene-3|3, 17|3-diol) is a weak adrenal androgen formed from
DHEA via 170 HSD (82,83). The physiologic role of androstenediol appears to be primarily
as a precursor to other hormones. Once formed, androstenediol can be converted to
testosterone via 30 HSD (83,105) or aromatized to estrogens (105) in the peripheral tissues.
The enzyme kinetics for aromatase (Km=27 nmoI«L"\ V^x = 0.09 pmol/g/h) (99) and 30
HSD (Km=290 nmol*L~', Vmax = 0.0098 pmol/g/h) (101) favor the conversion of
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androstenediol to estrogens over testosterone. Currently, no data on the enzyme kinetics for
the 5a reduction of androstenediol to DHT are available.
Blaquier et al. (106) reported that 15% of androstenediol is converted to testosterone.
However, this research was conducted in tritiated blood and thus did not measure the rate of
conversion in peripheral tissue, nor did it measure the conversion of androstenediol to other
steroids.
Androstenediol Intake. Based upon the results from Blaquier et al. (106) androstenediol has
been advertised as a better alternative for testosterone enhancement, and subsequent gains in
muscle mass and strength, than is androstenedione. Although the enzyme kinetics for the
conversion of androstenediol to testosterone (Km=290 nmol*L"') are more favorable than
those for the conversion of androstenedione to testosterone (Km=1,500 nmol*L"') (101), the
Km is in excess of 10 fold greater than the normal physiologic levels. In addition, the 15%
rate of conversion of androstenediol to testosterone reported by Blaquier et al. (106) is nearly
the same as the 14% conversion rate for androstenedione to testosterone reported by Horton
and Tait (23).
Currently, there have only been 2 studies regarding the use of androstenediol as a
nutritional supplement. Earnest et al. (103) reported that ingesting a single dose of 200 mg
androstenediol does not acutely increase serum testosterone concentrations in young men.
Breeder et al. (10) reported that ingesting 100 mg androstenediol b.i.d. does not increase
serum testosterone concentrations or enhance the adaptations to resistance training in 35-65
year old men.
Side Effects with Androstenediol Intake. Prolonged androstenediol intake causes reduced
serum HDL-C and increased serum estrogens (10). There have been no investigations on the
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psychological effects of androstenediol intake. The effect of androstenediol intake on serum
DHT or prostate function is currently unknown.

Dihydrotestosterone
Dihydrotestosterone is a major end product of steroid metabolism, being irreversibly
formed from DHEA, androstenedione, androstenediol, and testosterone via 5a reductase
(36,40,107). Once formed, DHT binds to the androgen receptor and produces physiologic
effects or is excreted in the urine (15).
Dihydrotestosterone binds to the androgen receptor and SHBG more potently than
does any other androgen (35,39,108). In addition, DHT is the most potent androgen
responsible for the majority of the reproductive tissue development observed during puberty
(15,107). Due to the potent androgenicity of DHT, the effect of DHT on the prostate is of
tremendous interest. Men with benign prostate hypertrophy (BPH) (41,42), but not prostatic
cancer (39), exhibit elevated serum concentrations of DHT.
Dihydrotestosterone Intake. Due to the risk of BPH with elevated DHT concentrations, DHT
is not readily available as a nutritional supplement. However, since DHT cannot be
aromatized, it has been suggested that DHT administration could be a viable treatment for
age related sexual dysfunction in men as long as serum estrogen concentrations are not
increased (109). Antonio et al. (38) observed that DHT administration in rats produced
hypertrophy of muscles involved in reproductive function, but not other skeletal muscles,
suggesting that DHT does not produce an anabolic effect in humans.
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Estrogens
Estrogens are formed in the ovaries or in peripheral tissue through the aromatization
of androgens (31,110). The importance of extragonadal production of estrogens to human
health has just recently begun to be understood (29).
There are three primary estrogens in the circulation. Estrone (El) is formed from the
aromatization of androstenedione, and has weak estrogenic effects. Kley et al. (111 )
observed that there is an increase in aromatization of androstenedione in men who are 20%
over ideal body weight. The primary function of El is a precursor to estradiol (E2) (15).
Estradiol, the most potent circulating estrogen, is formed from the aromatization of
testosterone, or from the conversion of estrone through the action of 17p HSD (15,97).
Estriol (E3) is a weak estrogen that can be formed from E2. Serum concentrations of E3 are
normally very low in men and women. The primary source of circulating estriol is the
placenta (15).
Although estrogens have protective effects for heart disease by enhancing venous
compliance and HDL-C synthesis (29,112), elevated serum estrogens in men have been
linked to myocardial infarction (113). Elevated serum estrogen concentrations in men have
also been linked to gynecomastia (61,114,115). In youth, elevated serum estrogen
concentrations can cause premature epiphyseal closure (28). In addition, prostate
hypertrophy can occur when serum estrogen and DHT concentrations are elevated (40,43).

Summary
Testosterone is the principal anabolic androgen, while DHEA, androstenedione, and
androstenediol primarily function as reversible precursors to other androgens or estrogens.
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Dihydrotestosterone is an irreversible 5a reduced end product of androgen metabolism and is
the most potent androgen.
Testosterone administration can enhance muscular strength and size, but is banned in
most sports, has numerous undesirable, and dangerous, side effects. Androstenedione,
androstenediol, and DHEA are marketed as testosterone enhancing/muscle building
nutritional supplements. In spite of the advertised claims, intake of testosterone precursors
does not enhance muscle strength or serum testosterone concentrations, but does increase
serum estrogen and DHT. The enzyme kinetics associated with androstenedione and
androstenediol favor the production of end product metabolites, such as DHT and estrogens,
rather than testosterone (Figure 2).

Herbal Extracts
As a result of the 1994 Dietary Supplement Health education Act (DHSEA), a large
number of herbal products have been marketed as nutritional supplements. Many of these
herbal extracts are advertised to enhance athletic performance. Some of these herbal
supplements are purported to increase serum testosterone concentrations.
Chrysin and I3C may prevent the aromatization of androgens. Saw palmetto and yla
may prevent the 5a reduction of androgens. Tribulus terrestris is purported to increase serum
LH with a resulting increase in serum testosterone concentrations. By using these herbal
extracts in combination with testosterone precursors, the hormonal response to androgen
intake may be altered.
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Chrysin
Chrysin is a flavonoid from passion flower (Passiflore caerulea). Flavonoids are
ubiquitous plant compounds with numerous biological properties. Flavonoids have been
found to have estrogenic, antiestrogenic, and aromatase inhibitory capabilities (116).
Flavonoids may prevent the aromatization of testosterone by competing with the
steroids for enzyme binding sites. Chrysin has been shown, in vitro, to inhibit P-450
aromatase, the enzyme responsible for aromatization (116). It has been advertised that by
inhibiting the aromatization of androgens, testosterone levels will remain high. However, we
have recently observed that intake of 675 mg/day chrysin along with 300 mg/day
androstenedione does not prevent the increase in serum estrogens associated with
androstenedione intake or increase serum testosterone concentrations (21). Since there are
age related changes in gonadal function and steroidogenesis, it is possible that older men may
respond to chrysin intake differently than do young men.

Indole-3-Carbinol
Indole-3-carbionol is a plant extract from cruciferous vegetables such as cabbage.
Indole-3-carbinol inhibits aromatization and enhances urinary estrogen clearance. Ingesting
a diet high in I3C (400-500 mg/day) has been observed to reduce serum estrogens in men and
women (12-14,117).
It has been advertised that ingesting I3C in conjunction with testosterone precursors
will prevent the increased serum estrogens associated with testosterone precursor intake.
However, we have recently observed that ingesting 300 mg/day I3C along with 300 mg/day
androstenedione does not prevent increased serum estrogens or cause elevated testosterone
concentrations in young men (21). Since there are age related changes in gonadal function
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and steroidogenesis, it is possible that older men may respond to I3C intake differently than
do young men.

Saw Palmetto
Saw palmetto (Serenoa repens B) is a type of palm tree found on the southern
Atlantic coast of the United States. An extract from the berries of the saw palmetto plant,
also called permixon, is used to treat BPH (17).
Saw palmetto extract prevents DHT from binding to the androgen receptor (17,118).
Saw palmetto extract has also been observed to prevent estrogen and DHT formation through
competitive binding with aromatase and 5a reductase (18,19,119). However, this research
has been conducted in vitro, which may limit the utility of these findings.
Ingesting 160 mg saw palmetto extract per day does not alter serum testosterone, LH,
or FSH concentrations (19). We have recently observed that ingesting 540 mg/day of saw
palmetto extract in conjunction with 300 mg/day of androstenedione does not alter the
hormonal response to androstenedione intake in young men (21). We were unable to
measure serum DHT or prostate specific antigen (PSA) concentrations, and so were unable to
evaluate the effect of saw palmetto and androstenedione intake on the 5a reduction of
ingested androgens or prostate health.

Tribulus terrestris (Genus species)
Tribulus terrestris is a plant commonly known as puncture vine. Ingesting TT extract
is advertised to enhance serum testosterone concentrations by increasing serum LH
concentrations. Although the effects of ingesting TT alone on serum testosterone and LH
concentrations has not been investigated, we have recently observed that ingesting 750
mg/day of TT along with 300 mg/day androstenedione does not alter serum testosterone or
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LH concentrations (21 ). However, the effect of ingesting TT and testosterone precursors has
not been investigated in older men.

Gamma Linolenic Acid
Gamma linolenic acid is a C-18 unbranched fatty acid with three double bonds at
positions 6,9, and 12, all in the cis configuration. Liang and Liao (20) reported that, in rat
liver microsomes, concentrations of ~10 pM yLA both decreased the Vmax and increased the
Km of 5a reductase without altering the activity of 17(3 HSD. It is difficult to classify this
type of inhibition, since competitive inhibitors increase the Km while non-competitive
inhibitors decrease the Vmax, suggesting that yLA is a universal inhibitor of 5a reductase. In
addition, this research was conducted in vitro, which limits the applicability of this research
to nutritional supplements in vivo.

Summary
Numerous herbal extract are marketed to promote testosterone formation. Although
chrysin, I3C, saw palmetto, yLA, and TT are advertised to alter steroid formation in favor of
increased serum testosterone concentrations, most of these products have not been
investigated in vivo. In addition, while these products have been shown effective in vitro,
and not in conjunction with exogenous androgen administration. Therefore, the utility of
chrysin, I3C, saw palmetto, yLA, and TT to prevent changes in serum estrogens and DHT
associated with testosterone precursor intake needs to be evaluated.
We have recently observed that when chrysin, I3C, saw palmetto, and TT are taken in
conjunction with androstenedione and DHEA in young men, there is no change in the
hormonal response compared to that when taking only androstenedione. However, since
there is an age related change in serum steroid concentrations, ingesting chrysin, I3C, saw
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palmetto, yLA, and TT may alter the hormonal response to testosterone precursor intake in
older men.

Conclusion
In spite of the popularity of testosterone precursor nutritional supplements, these
products do not cause physiologically significant changes in serum testosterone
concentrations. Much of the research involving the use of testosterone precursors has used
young men who already have high endogenous testosterone concentrations. Since serum
testosterone concentrations decline with age, and basal endogenous testosterone
concentrations may alter the hormonal response to testosterone precursor intake, one purpose
of this project is to determine if age influences the hormonal response to testosterone
precursor intake.
There are currently numerous herbal extracts that are claimed to alter enzyme
function and prevent the aromatization or 5a reduction of androgens. Most of these products
have not been tested in vivo or in the presence of exogenous androgens. Another purpose of
this project is to determine if combining herbal extracts with testosterone precursors alters
the hormonal response to nutritional supplements.
Ingested androgens are subjected to a large amount of digestive and hepatic
catabolism, limiting the amount of testosterone precursor that enters the extra hepatic
circulation, which may prevent the formation of testosterone from the ingested androgen. A
final purpose of this project is to determine if sublingual cyclodextrin androstenediol
increases serum testosterone concentrations in men.

25

References
1. Schnirring, L. Androstenedione et al: Nonprescription Steroids. Phys Sportsmed. 11:
News Briefs, 1998.
2. Kanayama, G., A. J. Gruber, H. G. Pope, Jr., J. J. Borowiecki, and J. I. Hudson. Overthe-counter drug use in gymnasiums: an underrecognized substance abuse problem?
Psychother Psychosom. 70: 137-140, 2001.
3. Mahesh V. B. and Greenblatt R. B. The in vivo conversion of
dehydroepiandrosterone and androstenedione to testosterone in the human. Acta
Endrocrinol. 41: 400-406, 1962.
4. Hacker, R. and Mattem. C. Androstenedione Patent Application (Germany).
Arrowdeen Ltd. DE 42 14953 Al. 1995. Germany.
5. King, D. S., R. L. Sharp, M. D. Vukovich, G. A. Brown, T. A. Reifenrath, N. L. Uhl,
and K. A. Parsons. Effect of oral androstenedione on serum testosterone and
adaptations to resistance training in young men: a randomized controlled trial. JAMA.
281:2020-2028, 1999.
6. Leder, B. Z., C. Longcope, D. H. Catlin, B. Ahrens, D. A. Schoenfeld, and J. S.
Finkelstein. Oral androstenedione administration and serum testosterone
concentrations in young men. JAMA. 283: 779-782, 2000.
7. Ballantyne, C. S., S. M. Phillips, J. R. MacDonald, M. A. Tamopolsky, and J. 0.
MacDougall. The acute effects of androstenedione supplementation in healthy young
males. CanJAppl Physiol. 25: 68-78, 2000.

26

8. Rasmussen, B. B., E. Volpi, D. C. Gore, and R. R. Wolfe. Androstenedione does not
stimulate muscle protein anabolism in young healthy men. J Clin Endocrinol Metab.
85: 55-59,2000.
9. Gray, A., H. A. Feldman, J. B. McKinlay, and C. Longcope. Age, disease, and
changing sex hormone levels in middle-aged men: results of the Massachusetts Male
Aging Study. J Clin Endocrinol Metab. 73: 1016-1025, 1991.
10. Breeder, C. E., J. Quindry, K. Brittingham, L. Panton, J. Thomson, S. Appakondu, K.
Breuel, R. Byrd, J. Douglas, C. Earnest, C. Mitchell, M. Olson, T. Roy, and C.
Yarlagadda. The andro project: physiological and hormonal influences of
androstenedione supplementation in men 35 to 65 years old participating in a highintensity resistance training program. Arch Intern Med. 160: 3093-3104, 2000.
11. Kellis, J. T., Jr. and L. E. Vickery. Inhibition of human estrogen synthetase
(aromatase) by flavones. Science. 225: 1032-1034, 1984.
12. Michnovicz, J. J. and H. L. Bradlow. Altered estrogen metabolism and excretion in
humans following consumption of indoIe-3-carbinoI. Nutr Cancer. 16: 59-66, 1991.
13. Bradlow, H. L., D. W. Sepkovic, N. T. Telang, and M. P. Osborne. Indole-3-carbinol.
A novel approach to breast cancer prevention. Ann N.Y. AcadSci. 768: 180-200,
1995.
14. Michnovicz, J. J. and H. L. Bradlow. Induction of estradiol metabolism by dietary
indole-3-carbinol in humans. J Natl Cancer Inst. 82: 947-949, 1990.
15. Griffin, J.G. and S.E. Ojeda. Textbook of Endocrine Physiology. New York, Oxford
University Press. 1996.

27

16. Longcope, C. and S. E. Fineberg. Production and metabolism of dihydrotestosterone
in peripheral tissues. J Steroid Biochem. 23: 415-419, 1985.
17. Carilla E, Briley M., Fauran F., Sultan C., and Duvilliers C. Binding of Permixon, a
new treatment for prostatic benign hyperplasia, to the cytosolic androgen receptor in
the rat prostate. J Steroid Biochem. 20: 521-523, 1984.
18. Strauch, G., P. Perles, G. Vergult, M. Gabriel, B. Gibelin, S. Cummings, W. Malbecq,
and M. P. Malice. Comparison of finasteride (Proscar) and Serenoa repens
(Permixon) in the inhibition of 5-alpha reductase in healthy male volunteers. Eur
Urol. 26: 247-252, 1994.
19. Di Silverio, F., S. Monti, A. Sciarra, P. A. Varasano, C. Martini, S. Lanzara, G.
D'Eramo, S. Di Nicola, and V. Toscano. Effects of long-term treatment with Serona
repens (Permixon) on the concentrations and regional distribution of androgens and
epidermal growth factor in benign prostatic hyperplasia. Prostate. 37: 77-83, 1998.
20. Liang, T. and S. Liao. Inhibition of steroid 5 alpha-reductase by specific aliphatic
unsaturated fatty acids. Biochem J. 285 ( Pt 2): 557-562, 1992.
21. Brown, G. A., M. D. Vukovich, T. A. Reifenrath, N. L. Uhl, K. A. Parsons, R. L.
Sharp, and D. S. King. Effects of anabolic precursors on serum testosterone
concentrations and adaptations to resistance training in young men. IntJ Sport Nutr
Exerc Metab. 10: 340-359, 2000.
22. Shinohara, Y., S. Baba, and Y. Kasuya. Absorption, metabolism, and excretion of
oral testosterone in humans by mass fragmentography. J Clin Endocrinol Metab. 51 :
1459-1462, 1980.

28

23. Horton, R. and J. F. Tait. Androstenedione production and interconversion rates
measured in peripheral blood and studies on the possible site of its conversion to
testosterone. J Clin Invest. 45: 301-313, 1966.
24. Longcope, C., J. H. Pratt, S. H. Schneider, and S. E. Fineberg. Aromatization of
androgens by muscle and adipose tissue in vivo. J Clin Endocrinol Metab. 46: 146152, 1978.
25. Longcope, C., J. H. Pratt, S. H. Schneider, and S. E. Fineberg. The in vivo
metabolism of androgens by muscle and adipose tissue of normal men. Steroids. 28:
521-533,1976.
26. Wilson, J. D. Androgens, androgen receptors, and male gender role behavior. Horm
Behav. 40: 358-366,2001.
27. Tserotas, K. and G. Merino. Andropause and the aging male. Arch Androl. 40: 87-93,
1998.
28. Compston, J. E. Sex steroids and bone. Physiol Rev. 81: 419-447, 2001.
29. Lombardi, G., S. Zarrilli, A. Colao, L. Paesano, C. Di Somma, F. Rossi, and M. De
Rosa. Estrogens and health in males. Mol Cell Endocrinol. 178: 51-55, 2001.
30. Nilsson, S., S. Makela, E. Treuter, M. Tujague, J. Thomsen, G. Andersson, E.
Enmark, K. Pettersson, M. Warner, and J. A. Gustafsson. Mechanisms of estrogen
action. Physiol Rev. 81: 1535-1565,2001.
31. Simpson, E. R., C. Clyne, G. Rubin, W. C. Boon, K. Robertson, K. Britt, C. Speed,
and M. Jones. Aromatase—a brief overview. Annu Rev Physiol. 64: 93-127, 2002.

32. Ooi, D. S., V. T. Innanen, D. Wang, G. L. Chong, J. G. Donnelly, J. J. Arseneault, C.
Pronovost, and G. Wells. Establishing reference intervals for DPC's free testosterone
radioimmunoassay. Clin Biochem. 31: 15-21, 1998.
33. Loebel CC. and Kraemer WJ. A brief review: Testosterone and resistance exercise in
man. J Strength Cond Res. 12: 57-63, 1998.
34. Jung-Hoffmann, C., H. D. Taubert, and H. Kuhl. Direct radioimmunoassay of free
testosterone in the evaluation of androgenetic manifestations in women. Gynecol
Endocrinol. 1: 83-92, 1987.
35. Mean, F., M. Pellaton, and G. Magrini. Study on the binding of dihydrotestosterone,
testosterone and oestradiol with sex hormone binding globulin. Clin Chim Acta. 80:
171-180, 1977.
36. Tunn, S., H. Hochstrate, I. Grunwald, S. H. Fluchter, and M. Krieg. Effect of aging
on kinetic parameters of 5 alpha-reductase in epithelium and stroma of normal and
hyperplastic human prostate. J Clin Endocrinol Metab. 67: 979-985, 1988.
37. Longcope, C., T. Kato, and R. Horton. Conversion of blood androgens to estrogens in
normal adult men and women. J Clin Invest. 48: 2191-2201, 1969.
38. Antonio, J., J. D. Wilson, and F. W. George. Effects of castration and androgen
treatment on androgen-receptor levels in rat skeletal muscles. J Appl Physiol. 87:
2016-2019, 1999.
39. Wilson, J. D. Role of dihydrotestosterone in androgen action. Prostate Suppl. 6: 8892, 1996.
40. Geller J. Rationale for blockade of adrenal as well as testicular androgens in the
treatment of advanced prostate cancer. Semin Oncol. 12: 28-35, 1985.

30

41. Martel, C., C. Trudel, J. Couet, C. Labrie, A. Belanger, and F. Labrie. Blockade of
androstenedione-induced stimulation of androgen-sensitive parameters in the rat
prostate by combination of Flutamide and 4-MA. Mol Cell Endocrinol. 91: 43-49,
1993.
42. Horton, R., P. Hsieh, J. Barberia, L. Pages, and M. Cosgrove. Altered blood
androgens in elderly men with prostate hyperplasia. J Clin Endocrinol Metab. 41:
793-796, 1975.
43. Winter, M. L., M. C. Bosland, D. R. Wade, R. E. Falvo, M. Nagamani, and J. G.
Liehr. Induction of benign prostatic hyperplasia in intact dogs by near- physiological
levels of 5 alpha-dihydrotestosterone and 17 beta- estradiol. Prostate. 26: 325-333,
1995.
44. Epstein, B. J., M. C. Raheja, E. Frow, and W. I. Morse. Estrogen synthesis in normal
and hypogonadal men. Quantitative studies on the precursor role of testosterone. Can
J Biochem. 44: 971-977, 1966.
45. Drafta, D., A. E. Schindler, E. Stroe, and E. Neacsu. Age-related changes of plasma
steroids in normal adult males. J Steroid Biochem. 17: 683-687, 1982.
46. Nahoul, K. and M. Roger. Age-related decline of plasma bioavailable testosterone in
adult men. J Steroid Biochem. 35: 293-299, 1990.
47. Bums-Cox, N. and C. Gingell. The andropause: fact or fiction? Postgrad Med J. 73:
553-556, 1997.
48. Ferrando, A. A., K. D. Tipton, D. Doyle, S. M. Phillips, J. Cortiella, and R. R. Wolfe.
Testosterone injection stimulates net protein synthesis but not tissue amino acid
transport. Am J Physiol. 275: E864-E871, 1998.

49. Roeder, R. A., S. D. Thorpe, F. M. Byers, G. T. Schelling, and J. M. Gunn. Influence
of anabolic agents on protein synthesis and degradation in muscle cells grown in
culture. Growth. 50: 485-495,1986.
50. Jurimae, T., K. Karelson, T. Smimova, and A. Viru. The effect of a single-circuit
weight-training session on the blood biochemistry of untrained university students.
EurJAppl Physiol. 61: 344-348, 1990.
51. Kraemer, W. J., K. Hakkinen, R. U. Newton, M. McCormick, B. C. Nindl, J. S.
Volek, L. A. Gotshalk, S. J. Fleck, W. W. Campbell, S. E. Gordon, P. A. Farrell, and
W. J. Evans. Acute hormonal responses to heavy resistance exercise in younger and
older men. EurJAppl Physiol. 77: 206-211, 1998.
52. Kraemer, W. J., S. E. Gordon, S. J. Fleck, L. J. Marchitelli, R. Mello, J. E. Dziados,
K. Friedl, E. Harman, C. Maresh, and A. C. Fry. Endogenous anabolic hormonal and
growth factor responses to heavy resistance exercise in males and females. Int J
Sports Med. 12: 228-235, 1991.
53. Kraemer, W. J., L. Marchitelli, S. E. Gordon, E. Harman, J. E. Dziados, R. Mello, P.
Frykman, D. McCuny, and S. J. Fleck. Hormonal and growth factor responses to
heavy resistance exercise protocols. JAppl Physiol. 69: 1442-1450,1990.
54. Hakkinen K, Pakarinen A., Kraemer WJ, Newton RU, and Alen M. Basal
concentrations and acute responses of serum hormones and strength development
during heavy resistance training in middle-aged and elderly men and women. J
Gerontol A Biol Sci Med Sci. 55: B95--105, 2000.
55. Kraemer, W. J. Endocrine responses to resistance exercise. Med Sci Sports Exerc. 20:
S152-S157,1988.

32

56. Lamb, D. R. Androgens and exercise. Med Sci Sports. 7: 1-5, 1975.
57. Hervey, G. R., I. Hutchinson, A. V. Knibbs, L. Burkinshaw, P. R. Jones, N. G.
Norgan, and M. J. Levell. "Anabolic" effects of methandienone in men undergoing
athletic training. Lancet. 2: 699-702, 1976.
58. Crist DM, Stackpole PJ, and Peake GT. Effects of androgenic-anabolic steroids on
neuromuscular power and body composition. JAppl Physiol. 54: 366-370, 1983.
59. Lamb, D. R. Anabolic steroids in athletics: how well do they work and how
dangerous are they? Am J Sports Med. 12: 31-38, 1984.
60. Limbird, T. J. Anabolic steroids in the training and treatment of athletes. Compr Ther.
11:25-30, 1985.
61. Strauss, R. H. and C. E. Yesalis. Anabolic steroids in the athlete. Annu Rev Med. 42:
449-457, 1991.
62. Bhasin, S., T. W. Storer, N. Berman, C. Callegari, B. Clevenger, J. Phillips, T. J.
Bunnell, R. Tricker, A. Shirazi, and R. Casaburi. The effects of supraphysiologic
doses of testosterone on muscle size and strength in normal men. N Engl J Med. 335:
1-7, 1996.
63. Yesalis, C. E., III. Medical, legal, and societal implications of androstenedione use.
JAMA. 281: 2043-2044,1999.
64. Salehian, B., C. Wang, G. Alexander, T. Davidson, V. McDonald, N. Berman, R. E.
Dudley, F. Ziel, and R. S. Swerdloff. Pharmacokinetics, bioefficacy, and safety of
sublingual testosterone cyclodextrin in hypogonadal men: comparison to testosterone
enanthate— a clinical research center study. J Clin Endocrinol Metab. 80: 3567-3575,
1995.

33

65. Stuenkel, C. A., R. E. Dudley, and S. S. Yen. Sublingual administration of
testosterone-hydroxypropyl-beta- cyclodextrin inclusion complex simulates episodic
androgen release in hypogonadal men. J Clin Endocrinol Metab. 72: 1054-1059,
1991.
66. Wang, C. and R. S. Swerdloff. Androgen replacement therapy. Ann Med. 29: 365370, 1997.
67. Urban, R. J., Y. H. Bodenburg, C. Gilkison, J. Foxworth, A. R. Coggan, R. R. Wolfe,
and A. Ferrando. Testosterone administration to elderly men increases skeletal muscle
strength and protein synthesis. Am J Physiol. 269: E820-E826, 1995.
68. Celotti, F. and C. P. Negri. Anabolic steroids: a review of their effects on the muscles,
of their possible mechanisms of action and of their use in athletics. J Steroid Biochem
Mol Biol. 43: 469-477, 1992.
69. Pitha, J., S. M. Harman, and M. E. Michel. Hydrophilic cyclodextrin derivatives
enable effective oral administration of steroidal hormones. J Pharm Sci. 75: 165-167,
1986.
70. Pitha, J., E. J. Anaissie, and K. Uekama. gamma-CycIodextrin:testosterone complex
suitable for sublingual administration. J Pharm Sci. 76: 788-790, 1987.
71. Taylor, G. T., J. Weiss, and J. Pitha. Testosterone in a cyclodextrin-containing
formulation: behavioral and physiological effects of episode-like pulses in rats.
Pharm Res. 6: 641-646, 1989.
72. Alen M., Hakkinen K., and Komi PV. Changes in neuromuscular performance and
muscle fiber characteristics of elite power athletes self-administering androgenic and
anabolic steroids. Acta Physiol Scand. 122: 533-544, 1984.

34

73. Hervey, G. R., A. V. Knibbs, L. Burkinshaw, D. B. Morgan, P. R. Jones, D. R.
Chettle, and D. Vartsky. Effects of methandienone on the performance and body
composition of men undergoing athletic training. Clin Sci. 60: 457-461, 1981.
74. Khaw, K. T. and E. Barrett-Connor. Endogenous sex hormones, high density
lipoprotein cholesterol, and other lipoprotein fractions in men. Arterioscler Thromb.
11:489-494, 1991.
75. Barrett-Connor, E. Lower endogenous androgen levels and dyslipidemia in men with
non- insulin-dependent diabetes mellitus. Ann Intern Med. 117: 807-811, 1992.
76. Hurley, B. F., D. R. Seals, J. M. Hagberg, A. C. Goldberg, S. M. Ostrove, J. O.
Holloszy, W. G. Wiest, and A. P. Goldberg. High-density-lipoprotein cholesterol in
bodybuilders v powerlifters. Negative effects of androgen use. JAMA. 252: 507-513,
1984.
77. Anderson, R. A., E. M. Wallace, and F. C. Wu. Effect of testosterone enanthate on
serum lipoproteins in man. Contraception. 52: 115-119, 1995.
78. Kantor, M. A., A. Bianchini, D. Bemier, S. P. Sady, and P. D. Thompson. Androgens
reduce HDL2-cholesterol and increase hepatic triglyceride lipase activity. Med Sci
Sports Exerc. 17: 462-465, 1985.
79. Alen, M. and P. Rahkila. Anabolic-androgenic steroid effects on endocrinology and
lipid metabolism in athletes. Sports Med. 6: 327-332, 1988.
80. Pope, H. G., Kanayama, G., and Gruber, A. J. Performance-Enhancing Dietary
Supplement use among men and women in American gymnasiums. Proceedings of
the NIH-CRN Conference on Performance Enhancing Products. 2002.

81. Thomas, G., N. Frenoy, S. Legrain, R. Sebag-Lanoe, E. E. Baulieu, and B. Debuire.
Serum dehydroepiandrosterone sulfate levels as an individual marker. J Clin
Endocrinol Metab. 79: 1273-1276,1994.
82. Bird, C. E., J. Murphy, K. Boroomand, W. Finnis, D. Dressel, and A. F. Clark.
Dehydroepiandrosterone: kinetics of metabolism in normal men and women. J Clin
Endocrinol Metab. 47: 818-822, 1978.
83. Schindler AE and Aymar M. Metabolism of 14C-dehydroepiandrosterone in female
adipose tissue and venous blood. Endocrinol Exp. 9: 215-222, 1975.
84. Ebeling, P. and V. A. Koivisto. Physiological importance of dehydroepiandrosterone.
Lancet. 343: 1479-1481, 1994.
85. Baulieu, E. E. Dehydroepiandrosterone (DHEA): a fountain of youth? J Clin
Endocrinol Metab. 81: 3147-3151, 1996.
86. Longcope, C. Dehydroepiandrosterone metabolism. J Endocrinol. 150 Suppl: S125S127, 1996.
87. Arlt, W., J. Haas, F. Callies, M. Reincke, D. Hubler, M. Oettel, M. Ernst, H. M.
Schulte, and B. Allolio. Biotransformation of oral dehydroepiandrosterone in elderly
men: significant increase in circulating estrogens. J Clin Endocrinol Metab. 84: 21702176, 1999.
88. Brown, G. A., M. D. Vukovich, R. L. Sharp, T. A. Reifenrath, K. A. Parsons, and D.
S. King. Effect of oral DHEA on serum testosterone and adaptations to resistance
training in young men. J Appl Physiol. 87: 2274-2283, 1999.
89. Morales, A. J., R. H. Haubrich, J. Y. Hwang, H. Asakura, and S. S. Yen. The effect of
six months treatment with a 100 mg daily dose of dehydroepiandrosterone (DHEA)

36

on circulating sex steroids, body composition and muscle strength in age-advanced
men and women. Clin Endocrinol (OxJ). 49:421-432, 1998.
90. Morales, A. J., J. J. Nolan, J. C. Nelson, and S. S. Yen. Effects of replacement dose of
dehydroepiandrosterone in men and women of advancing age. J Clin Endocrinol
Metab. 78: 1360-1367, 1994.
91. Yen, S. S., A. J. Morales, and O. Khorram. Replacement of DHEA in aging men and
women. Potential remedial effects. Ann N.Y. Acad Sci. 774: 128-142, 1995.
92. Welle, S., R. Jozefowicz, and M. Statt. Failure of dehydroepiandrosterone to
influence energy and protein metabolism in humans. J Clin Endocrinol Metab. 71:
1259-1264, 1990.
93. Mortola, J. F. and S. S. Yen. The effects of oral dehydroepiandrosterone on
endocrine-metabolic parameters in postmenopausal women. J Clin Endocrinol Metab.
71: 696-704, 1990.
94. Labrie, F., A. Belanger, L. Cusan, and B. Candas. Physiological changes in
dehydroepiandrosterone are not reflected by serum levels of active androgens and
estrogens but of their metabolites: intracrinology. J Clin Endocrinol Metab. 82: 24032409, 1997.
95. Nestler, J. E., C. O. Barlascini, J. N. Clore, and W. G. Blackard.
Dehydroepiandrosterone reduces serum low density lipoprotein levels and body fat
but does not alter insulin sensitivity in normal men. J Clin Endocrinol Metab. 66: 5761, 1988.

37

96. Wallace, M. B., J. Lim, A. Cutler, and L. Bucci. Effects of dehydroepiandrosterone vs
androstenedione supplementation in men. Med Sci Sports Exerc. 31: 1788-1792,
1999.
97. Labrie, F., V. Luu-The, S. X. Lin, C. Labrie, J. Simard, R. Breton, and A. Belanger.
The key role of 17 beta-hydroxysteroid dehydrogenases in sex steroid biology.
Steroids. 62: 148-158, 1997.
98. Saartok, T., E. Dahlberg, and J. A. Gustafsson. Relative binding affinity of anabolicandrogenic steroids: comparison of the binding to the androgen receptors in skeletal
muscle and in prostate, as well as to sex hormone-binding globulin. Endocrinology.
114:2100-2106, 1984.
99. Forney, J. P., L. Milewich, G. T. Chen, J. L. Garlock, B. E. Schwarz, C. D. Edman,
and P. C. MacDonald. Aromatization of androstenedione to estrone by human adipose
tissue in vitro. Correlation with adipose tissue mass, age, and endometrial neoplasia. J
Clin Endocrinol Metab. 53: 192-199, 1981.
100. Weisser, H. and M. Krieg. Kinetic analysis of androstenedione 5 alpha-reductase in
epithelium and stroma of human prostate. Steroids. 62: 589-594,1997.
101. Oshima, H., D. F. Fan, and P. Troen. Studies of the human testis. V. Properties of
delta-5-3beta and 17beta- hydroxysteroid dehydrogenases in the biosynthesis of
testosterone from dehydroepiandrosterone. J Clin Endocrinol Metab. 40: 573-581,
1975.
102. Bruch, H. R., L. Wolf, R. Budde, G. Romalo, and H. U. Schweikert. Androstenedione
metabolism in cultured human osteoblast-like cells. J Clin Endocrinol Metab. 75:
101-105, 1992.

103. Earnest, C. P., M. A. Olson, C. E. Broeder, K. F. Breuel, and S. G. Beckham. In vivo
4-androstene-3,17-dione and 4-androstene-3 beta,17 beta-diol supplementation in
young men. EurJAppl Physiol. 81: 229-232, 2000.
104. Villalba, C., C. J. Auger, and G. J. De Vries. Androstenedione effects on the
vasopressin innervation of the rat brain. Endocrinology. 140: 3383-3386, 1999.
105. Bartsch, W., I. Kozak, P. Gorenflos, H. Becker, and K. D. Voigt. Concentrations of 3
beta-hydroxy androgens in epithelium and stroma of benign hyperplastic and normal
human prostate. Prostate. 8: 3-10, 1986.
106. Blaquier, J., E. Forchielli, and R. I. Dorfman. In vitro metabolism of androgens in
whole human blood. Acta Endocrinol (Copenh). 55: 697-704, 1967.
107. Mooradian AD, Morley JE, and Korenman SG. Biological actions of androgens.
Endocr Rev. 8: 1-28, 1987.
108. Iqbal MJ, Dalton M., and Sawers RS. Binding of testosterone and oestradiol to sex
hormone binding globulin, human serum albumin and other plasma proteins:
evidence for non-specific binding of oestradiol to sex hormone binding globulin. Clin
Sci (Colch). 64: 307-314, 1983.
109. de Lignieres, B. Transdermal dihydrotestosterone treatment of'andropause'. Ann Med.
25: 235-241, 1993.
110. Nelson, L. R. and S. E. Bulun. Estrogen production and action. J Am Acad Dermatol.
45: SI 16-S124,2001.
111. Kley, H. K., T. Deselaers, H. Peerenboom, and H. L. Kruskemper. Enhanced
conversion of androstenedione to estrogens in obese males. J Clin Endocrinol Metab.
51: 1128-1132, 1980.

112. Bagatell, C. J., R. H. Knopp, J. E. Rivier, and W. J. Bremner. Physiological levels of
estradiol stimulate plasma high density lipoprotein2 cholesterol levels in normal men.
J Clin Endocrinol Metab. 78: 855-861, 1994.
113. Phillips, G. B., B. H. Pinkemell, and T. Y. Jing. The association of
hyperestrogenemia with coronary thrombosis in men. Arterioscler Thromb Vase Biol.
16: 1383-1387, 1996.
114. Berkovitz, G. D., A. Guerami, T. R. Brown, P. C. MacDonald, and C. J. Migeon.
Familial gynecomastia with increased extraglandular aromatization of plasma
carbon19-steroids. J Clin Invest. 75: 1763-1769, 1985.
115. Villalpando, S., L. Mondragon, C. Barron, E. Perez-Pasten, G. Castaneda, R. AlonsoUriarte, and V. Cortes-Gal legos. Role of testosterone and dihydrotestosterone in
spontaneous gynecomastia of adolescents. Arch Androl. 28: 171-176, 1992.
116. Ibrahim, A. R. and Y. J. Abul-Hajj. Aromatase inhibition by flavonoids. J Steroid
Biochem Mol Biol. 37: 257-260, 1990.
117. Bradlow, H. L., J. J. Michnovicz, M. Halper, D. G. Miller, G. Y. Wong, and M. P.
Osborne. Long-term responses of women to indole-3-carbinol or a high fiber diet.
Cancer Epidemiol Biomarkers Prev. 3: 591-595, 1994.
118. Sultan, C., A. Terraza, C. Devillier, E. Carilla, M. Briley, C. Loire, and B. Descomps.
Inhibition of androgen metabolism and binding by a liposterolic extract of "Serenoa
repens B" in human foreskin fibroblasts. J Steroid Biochem. 20: 515-519, 1984.
119. Di Silverio, F., G. D'Eramo, C. Lubrano, G. P. Flammia, A. Sciarra, E. Palma, M.
Caponera, and F. Sciarra. Evidence that Serenoa repens extract displays an

40

antiestrogenic activity in prostatic tissue of benign prostatic hypertrophy patients. Eur
Urol. 21: 309-314,1992.

41

CHAPTER 3. ENDOCRINE RESPONSES TO CHRONIC ANDROSTENEDIONE
INTAKE IN 30-56 YEAR OLD MEN

A paper published in the Journal of Clinical Endocrinology and Metabolism.
85: 4074-4080, 2000.
Gregory A. Brown1,3, Matthew D. Vukovich2'5, Emily R. Martini1'5, Marian L. Kohut1'5,
Warren D. Franke1'5, David A. Jackson1"5, and Douglas S. King1'4
'Exercise Biochemistry Laboratory, Department of Health and Human Performance, Iowa
State University, Ames IA
2Human

Performance Laboratory, South Dakota State University Department of HPER,

Brookings, SD
^Graduate student, primary researcher and author.
4Major

Professor, professor, and corresponding author

Contributed significantly to sample collection and overall research completion

Abstract
In young men chronic ingestion of 100 mg androstenedione three times per day does not
increase serum total testosterone, but does increase serum estrogen and androstenedione
concentrations. We investigated the effects of androstenedione ingestion in healthy 30-56
year old men. In a double blind, randomly assigned manner, subjects consumed 100 mg
androstenedione three times daily (ASD; n=28) or placebo (PL; n=27) for 28 days. Serum
androstenedione, dihydrotestosterone, free and total testosterone, estradiol, prostate specific
antigen, and lipid concentrations were measured at week 0, and each week throughout the
supplementation period. Serum total testosterone and prostate specific antigen
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concentrations did not change with supplementation. Elevated serum concentrations of
androstenedione (300%), free testosterone (45%), dihydrotestosterone (83%), and estradiol
(68%) were observed during weeks 1-4 in ASD (P<0.05). There was no relationship between
age and changes in serum androstenedione (1^=0.024), free testosterone (r^-0.00) or estradiol
(1^=0.029) concentrations with ASD, while the serum dihydrotestosterone response to ASD
ingestion was related to age (r2=0.244; P<0.05). Serum concentrations of HDL-C were
decreased by 10% during the supplementation period (P<0.05). These results suggest that
the ingestion of 100 mg androstenedione three times per day does not increase serum total
testosterone or PSA concentrations, but does elicit increases in androstenedione, free
testosterone, estradiol, dihydrotestosterone, and decreases serum HDL-C concentrations.

Introduction
Recently, the ingestion of pro-hormone nutritional supplements has been purported to
increase serum testosterone concentrations. In two women, ingestion of a single 100-mg
dose of androst-4-ene-3, 17-dione (androstenedione) elevated serum testosterone
concentrations approximately 600% within 60 min ( 1 ). However, in young men ingestion of
100- or 200 mg of androstenedione does not change serum testosterone concentrations (2-6)
while ingesting a single 300-mg dose of androstenedione promotes a smaller (34%) increase
in serum total testosterone concentrations that persists for 4-6 h (5). Women have lower
basal serum testosterone concentrations than men and serum testosterone concentrations
decline with age in men (7-9). Therefore, it is possible that basal serum testosterone
concentrations, as well as age, may influence the effects of androstenedione ingestion on
serum testosterone concentrations.
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Recently, Wallace et al. (10) examined the effects of ingesting 100 mg/day
androstenedione for 12 wk on serum testosterone, DHEA, androstenedione, prostate specific
antigen (PSA) and insulin-like growth factor-1 in 40-60 year old men. The hormonal and
lipid response to a larger dose of androstenedione in older men is unknown. Therefore, we
evaluated the effects of 100 mg androstenedione three times per day four 28 days on serum
free testosterone, total testosterone, estradiol, dihydrotestosterone, prostate specific antigen,
and serum lipid concentrations in 30 - 56 year old men. Wallace et al. (10) found no
differences in measurements of well-being and libido between placebo and 100- mg day"'
androstenedione ingestion in older men. Therefore, we also evaluated the effect of chronic
androstenedione ingestion on perception of mood states in 30-56 year old men.

Methods
Subjects
Fifty-six men, aged 30 through 56, were recruited from the university and local
community to participate in this project. All subjects signed an informed consent and
completed a written medical history to eliminate any subjects with any known chronic
disease. Prior to participating in this study subjects were questioned to ensure they were not
currently or previously using nutritional supplements. The Iowa State University human
subjects review board approved this study. Subjects were stratified into age groups
representing the fourth (30 year olds, n=20), fifth (40 year olds, n=20), and sixth (50 year
olds, n=16) decades.

Supplementation
Subjects were randomly assigned in a double blind, counter balanced fashion to
treatment groups consuming capsules containing either placebo (PL) or 300 mg day-'
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androstenedione in doses of 100 mg taken three times daily (ASD; Experimental and Applied
Sciences, Golden, CO). An independent laboratory (Integrated Biomolecule, Tuscon, AZ)
verified purity (-99%) and content of the androstenedione capsules via high performance
liquid chromatography (HPL-C). Subjects were instructed to consume the supplement
capsules daily before 9:00 am, at 3:00 pm, and before bedtime in equal doses throughout the
4 weeks of supplementation. Compliance was monitored through written records of
supplementation and the return of unused supplements at the completion of the study.

Diet and Activity
Subjects were instructed to maintain their normal diet and activity patterns throughout
the 4-week study period. Subjects were given verbal and written instructions regarding the
reporting of dietary intake and instructed to maintain a diet, medication, and exercise record
for the 2 days prior to each blood sampling. The diet and exercise records were collected
prior to weekly blood sampling and analyzed using commercial software (Nutritionist 4, NSquared Computing, San Bruno CA).

Blood Sample Collection and Analysis
Fasting blood samples were collected between 6:30 and 8:00 a.m. once per week on
the same day each week. Subjects reclined while blood samples were obtained without stasis
from an antecubital vein. Blood samples were immediately placed in an ice bath until
centrifugation and serum separation. Blood samples were analyzed for lipid, glucose,
enzyme, and chemical composition by a commercial laboratory (Quest Diagnostics, Wood
Dale, IL). Serum concentrations of estradiol, total testosterone, free testosterone, and
androstenedione were measured with commercial radioimmunoassay kits (Diagnostic
Products Corp, Los Angeles, CA, and Diagnostic Systems Laboratory, Webster, TX).
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Commercially available enzyme-linked immunosorbent assays (ELISA) were used to
measure serum concentrations of prostate specific antigen (PSA; Bio-Clin, Inc, St. Louis,
MO) and dihydrotestosterone (DHT; Immuno-Biological Laboratories, Hamburg, Germany).
All samples for each subject were analyzed in duplicate within the same assay and the intraassay coefficients of variation for total testosterone, free testosterone, estradiol,
androstenedione, DHT and PSA were 6.1%, 7.2%, 6.6%, 5.8%, 3.2% and 6.6%, respectively.
According to the suppliers of the RIA and ELISA kits, there is no detectable cross reactivity
of the assays for androstenedione, DHT, estradiol or testosterone.

Profile of Mood States
Subjects completed and returned questionnaires each week assessing perceptions of
health and well-being (11). Questionnaires consisted of yes or no questions assessing
changes in libido, symptoms of illness, or mood change for the 3 days prior to blood
sampling.

Calculations and Statistics
Data were analyzed using commercial software (SPSS Inc, Chicago, IL). Statistical
analyses of age group effects were performed using a 3 factor (week by supplement by age
group) repeated measures analysis of variance (ANOVA). Specific mean differences (P <
0.05) were identified using Student Newman-Keuls post hoc comparisons. Relationships
between the effects of supplementation and measured variables were analyzed using simple
linear regression. The percent change in serum hormones and blood lipids was calculated as
the mean percent change in serum concentrations during weeks 1-4. Data are presented as
means + SE.
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Results
Subjects
Subjects came from diverse occupations and physical activity levels. Regular
participation in aerobic exercise such as walking, jogging and racquetball was reported in 10
subjects in PL and 12 subjects in ASD while 6 subjects in PL and 5 in ASD reported regular
participation in resistance training. Subjects reported no changes in their day-to-day physical
activity pattern throughout the study duration including the day prior to blood sampling.
Height, body mass, and body mass index (BMI) were not different between treatment or age
groups (Table 1). Body mass and BMI were not altered by supplementation. One 50-yearold subject in the placebo group was diagnosed with non-insulin dependent diabetes mellitus
during the study, informed of his condition, and his data have been excluded from all
analyses.

Dietary Analysis
There were no significant age or treatment group differences in dietary energy,
protein, carbohydrate, total fat, saturated fat, or polyunsaturated fat intake.

Hormonal Response to Supplementation
Basal serum androstenedione levels were higher in the 30 year olds (P < 0.05) than in
the 40 or 50 year olds (Figure 1). Ingestion of androstenedione resulted in significant and
similar mean increases of 268%, 300% and 357% in serum androstenedione concentrations
throughout the 4 weeks of supplementation for 30,40, and 50 year olds, respectively (P <
0.05). Mean changes in serum androstenedione concentrations in ASD during weeks 1-4
were not correlated to age (r2=0.024) or BMI (r2=0.00).
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Serum total testosterone concentrations were not different among age or treatment
groups before or during the 4 weeks of supplementation (Figure 2). There was also no age
related effect of supplementation on serum total testosterone concentrations (r=0.0l8).
Basal serum free testosterone concentrations were higher in the 30 year olds than in
the 50 year olds (P<0.05; Figure 3). Ingestion of androstenedione resulted in elevated serum
concentrations of free testosterone during weeks 1-4 (P<0.05) by 37%, 51%, and 46% for
the 30,40 and 50 year olds, respectively. The change in serum free testosterone
concentrations was related to basal free testosterone concentrations (1^=0.284) but not to age
(1^=0.00) or BMI (r2=0.0379).
Baseline serum DHT levels were higher in the 30 year olds than in the 40 or 50 year
olds (Figure 4). Serum DHT was unchanged throughout the 4-week supplementation period
in PL, while ingestion of androstenedione increased (P<0.05) serum DHT concentrations in
the 30,40, and 50 year olds by 56%, 81% and 113%, respectively, throughout the 4-week
supplementation period. There was a significant (P<0.05) relationship between age and the
mean increase in serum DHT during the four weeks of androstenedione supplementation
(r2=0.244). Body mass index did not correlate with changes in serum DHT (r2=0.023).
Basal serum estradiol concentrations were not effected by age. Serum estradiol
concentrations were significantly and similarly increased throughout weeks 1-4 by 80%,
55%, and 71% in ASD for 30,40, and 50 year olds, respectively (Figure 5). There was no
relationship between age and the mean increase in serum estradiol throughout weeks 1-4 in
ASD (r2=0.029). The mean increase in serum estradiol concentrations throughout weeks 1-4
was also unrelated to the BMI (r2=0.133).
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Serum PSA concentrations (Figure 6) were initially higher (P<0.05) for the 50 year
olds taking ASD (4.4 + 0.6 ng ml"') than any other age or supplement group (2.5 + 0.4 ng ml"
' for all others combined). However, serum PSA concentrations were not altered during the
four weeks of supplementation.

Serum Lipid Response
Serum HDL-C levels were reduced by 10% (P<0.05) at week 1 in ASD and remained
depressed throughout the remainder of the 4 weeks of supplementation, with no observed age
related effect (r2=0.037; Table 2). There was a significant inverse correlation between the
mean changes throughout week 1-4 in serum androstenedione and HDL-C concentrations
(r2=0.284). Concentrations of serum low-density lipoprotein cholesterol (LDL-C), total
cholesterol (Total-C), and the total cholesterol/HDL cholesterol ratio were not changed in
either ASD or PL.

Blood Chemistry Response
Serum concentrations of gamma-glutamyltransferase, aspartate aminotransferase and
alanine aminotransferase were unchanged throughout the 4-week supplementation period and
were not affected by age. There were also no age or supplement related change in
concentrations of serum protein, albumin, globulin or other indices of blood chemistry.

Profile of Mood States
Decreased libido was reported on one occasion by two subjects in PL and one
occasion by one subject in ASD during the 4-week supplementation period while increased
libido was reported 6 times by 4 subjects in PL and 8 times by 4 subjects in ASD suggesting
that libido is not altered by androstenedione ingestion. There were no differences between
PL and ASD in the frequency of reported changes in energy level, memory, stress, appetite,
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chest pain, headaches, or overall sense of health. The most commonly reported side effect of
supplementation was heartburn, with an increased frequency of heartburn reported on 13
occasions by 10 subjects in ASD and five occasions by five subjects in PL.

Discussion
The age at which serum testosterone concentrations in men are significantly reduced
is unclear. Some reports indicate significant decreases in serum total testosterone beginning
in the fifth (9) or sixth (8) decades of life, while others report relatively stable serum total
testosterone concentrations through the seventh decade of life (7). There is also
disagreement regarding the age at which serum free testosterone begins to decline in men (79). However, the current results are in agreement with previous reports that observed very
small declines in serum total testosterone concentrations with age, while serum free
testosterone concentrations decline much earlier in life. The age related decline in serum free
testosterone concentrations while serum total testosterone concentrations remain stable is
associated with an age-associated increase in sex hormone binding globulin (SHBG)
concentrations (7-9).
Two recent studies concluded that serum total testosterone concentrations in men
increase after ingestion of androstenedione (5;12). Earnest et al. (12) reported that the
incremental area under the curve for serum testosterone concentrations during 90 min
following the ingestion of 200-mg androstenedione was higher compared with placebo.
However, neither free nor total testosterone concentrations were significantly higher at any
time point following ingestion of androstenedione. In addition, the values reported for the
area under the curve apparently included the area attributable to baseline serum testosterone
concentrations, which were slightly higher in the group of subjects ingesting
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androstenedione. In agreement with the present results as well as our previous findings (3;4)
Leder et al. (5) observed that ingestion of 100-mg androstenedione did not increase serum
total testosterone concentrations. In contrast, these authors observed that serum testosterone
concentrations during 8 h following a single 300-mg androstenedione dose increased by
34%. Since blood samples in the current study were collected -10 h after the previous 100
mg dose of androstenedione it was not possible to assess peak hormonal changes after
androstenedione ingestion. Our previous research indicates that after ingesting 100 mg
androstenedione, peak increases in serum androstenedione concentrations occur ~120-300
min after ingestion, while changes in serum estradiol concentrations are not evident during
the 6 h after ingestion, and serum total testosterone concentrations are not altered (3;4).
Although transient increases in serum total testosterone after ingestion of 100 mg of
androstenedione cannot be ruled out, the present results support our previous findings (3;4)
and those of others (2;5;10) that total testosterone concentrations are not chronically
increased by ingestion of androstenedione in doses of up to 300 mg per day, when taken in
100 mg doses. The current study extends these findings by demonstrating that ingestion of
100 mg of androstenedione three times daily does not alter serum total testosterone
concentrations in middle-aged men.
A novel finding was that while serum total testosterone was unaffected, serum free
testosterone increased by 37-51% in these 30-56 year old men. These results are in contrast
to our previous finding that 100 mg of androstenedione three times daily does not chronically
increase serum free testosterone concentrations in 23 year old men (3;4). Consistent with the
previously observed age related declines in serum free testosterone concentrations (7-9), the
serum free testosterone concentrations in the current subjects were lower than in the younger
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subjects in our previous research (3;4). In addition the mean increase in serum free
testosterone concentrations during weeks 1-4 was significantly related to basal serum free
testosterone concentrations in the current study. These findings suggest that oral
androstenedione ingestion may promote increases in serum free testosterone concentrations
in men with low serum free testosterone concentrations.
The finding of unchanged serum total testosterone, albumin, and protein
concentrations, together with the significant increase in free testosterone concentrations
suggests that ingestion of 100 mg androstenedione three times daily changes the
concentration of SHBG bound testosterone. Although androstenedione is a weaker androgen
than testosterone (13), exogenous testosterone administration decreases serum SHBG
concentrations (14). In addition, since SHBG may have a greater binding affinity for DHT
than for testosterone (15), it is also possible that the increase in serum free testosterone
concentrations we observed was a result of a decoupling of SHBG from testosterone to bind
with DHT or other steroids.
The metabolic significance of the transient increase in serum total testosterone
concentrations found by Leder et al. (5) and the chronic elevation of free testosterone in the
present study is uncertain. Increased rates of muscle protein synthesis (16) and increased
muscular strength (14;16) have been observed after testosterone administration resulting in
very large increases in serum testosterone concentrations (-100-600%). It is unknown
whether more prolonged, small elevations in serum testosterone concentrations of the
magnitude observed in the current study and by Leder et al. (5) would produce measurable
effects on muscle size and strength.
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The significant increase in the serum DHT concentrations observed in the current
study suggests that a significant amount of the elevated serum androstenedione and free
testosterone underwent conversion to DHT. The conversion of androstenedione to
dihydrotestosterone can occur in prostate, skin, or adipose tissue, which all contain
appreciable concentrations of 5a-reductase (13;17;18). Longcope and Fineberg (17)
estimated that 14% of total serum androstenedione is converted to dihydrotestosterone in
adipose tissue alone. Serum androstenedione concentrations increased by ~ 19 nmol-L"1, and
serum DHT concentrations increased by -1,500 pmol-L"1 in the present study, corresponding
to an 8% conversion of androstenedione to DHT. Although the increases in serum DHT
concentrations were weakly related to age (R2=0.24) consistent with age related increases in
5a-reductase concentrations (19), the mean DHT concentrations were not different during
weeks 1-4 in the three age groups. These findings suggest that androstenedione ingestion
will increase serum DHT concentrations in men of all ages.
Although DHT is the most potent naturally occurring androgen, the metabolic effects
of DHT appear to occur primarily in reproductive organs, since skeletal muscle tissue does
not contain appreciable quantities 5a-reductase (13;17). Recently, it has been observed that
the administration of DHT to castrated rats restored the levator ani and bulbocavemosus
muscles to pre-castration size but had no effect on the size of plantaris muscle (20),
supporting the notion that the anabolic effect of DHT is limited to tissues involved with
reproduction.

Although we did not measure serum DHT in our previous study in which

androstenedione intake did not alter muscle size or strength in 19-29 year old men (4), it is
likely that serum DHT concentrations during supplementation were similar to those observed
in the present study. Taken together, these findings suggest that the increases in circulating
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DHT observed in the current study are unlikely to have any anabolic effects on skeletal
muscle of older men.
In agreement with previous observations in young men (2-6), ingestion of
androstenedione caused a significant increase in serum estradiol concentrations in the
middle-aged-men in the current study providing evidence that a portion of ingested
androstenedione is aromatized (21;22). Aromatization can occur in a number of tissues,
including adipose tissue (21;23;24). While adipose tissue contains aromatase (23) and the
degree of obesity has been related to enhanced aromatization of androstenedione (25), we
found no relationship between the change in serum estradiol concentrations and body mass or
BMI. While our subjects were slightly overweight (110% of ideal body weight), the
aromatization of androstenedione may not be affected by adiposity until 120% of ideal body
weight is reached (30). In addition, the enzyme kinetics for the aromatization of
androstenedione (Km=25 nmol-L"') (23) favor the production of estrogens compared to the
17p-HSD conversion of androstenedione to testosterone (Km=1,500 nmol-L"') (26).
The reduction in serum HDL-C associated with ingestion of 100 mg androstenedione
three times per day is in agreement with our previous research in young men (3;4). A
decrease of 0.13 mmol-L"' in serum HDL-C concentrations corresponds to a 10-15% increase
in the risk of atherosclerotic lesion development (27) and heart disease (28). While ingestion
of 50 mg androstenedione twice daily for 12 weeks does not alter serum HDL-C in middle
aged men (10), ingestion of 100 mg androstenedione three times daily reduces serum HDL-C
concentrations by 15% (present study;3;4), suggesting that the dosage of androstenedione
may affect the serum lipid response to androstenedione ingestion.
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While the initial serum PSA concentrations in the 50 year olds consuming ASD were
above average and may reflect altered prostate function, serum PSA concentrations were not
changed by supplementation in any age group. The use of PSA measurements to evaluate
prostate function, however, should be viewed cautiously, For example, it has been reported
that 30% of patients with prostatic tumors present with normal PSA concentrations, while
elevated PSA concentrations are found in ~2% of healthy men (29). In addition, since
elevated serum DHT and estradiol concentrations may cause benign prostate hypertrophy
(30), and the blockade of adrenal androgens is advised for the remediation of benign prostate
hypertrophy (18) it is possible that more prolonged androstenedione supplementation may
result in detectable changes in prostate function.
Ingesting 50 mg androstenedione twice daily for 12 weeks did not change perceived
health or mood in middle aged men (10). In the present study there was no difference in the
perceptions of mood, health, or libido between subjects ingesting placebo or
androstenedione. Taken together, these results suggest that short-term ingestion of
androstenedione at the doses of 50 mg twice daily, or 100 mg three times daily, are
associated with no psychological or emotional benefits.
The effects of the 55-80% elevation in estradiol concentrations in the current study
are not clear. Although estrogens may produce favorable changes in lipid profiles and
cardiovascular reactivity (31), a 21% higher serum estradiol concentration has been observed
in male subjects experiencing myocardial infarction compared to those with no heart disease
(32). Increased serum estradiol levels in men have been associated with the development of
gynecomastia (24). While a cause and effect relationship has not been established, increased
serum androstenedione concentrations have also been observed in patients with pancreatic
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carcinoma (33). Thus, the changes in the hormonal milieu associated with androstenedione
ingestion may increase the risk for additional adverse health consequences.
While there has been speculation that consumers of androstenedione use doses much
higher than have been studied (34), the dosage of androstenedione used by consumers and
the effects of larger doses of androstenedione are unknown. Moreover, it is likely that any
possible benefit of raising serum testosterone concentrations by ingesting higher doses of
androstenedione would be associated with larger increases in serum estradiol, DHT, and a
larger decrease in serum HDL-C concentrations.
In summary, ingestion of 100 mg androstenedione three times per day did not alter
serum total testosterone concentrations in 30-56 year old men. Ingestion of androstenedione
produced elevated serum free testosterone, androstenedione, estradiol, and
dihydrotestosterone concentrations, and reduced serum HDL-C concentrations. There was
also no change in perceived mood, health, or libido associated with androstenedione
ingestion in 30-56 year old men. Our results suggest that ingesting 100 mg androstenedione
three times daily is unlikely to provide a desirable hormonal milieu for promoting increases
in muscle size, and may lead to untoward health effects.
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Tables and Figures
Table 1

Anthropometric data for subjects

30 year olds
(n=10)

PL
40 year olds
(n=10)

50 year olds
(n=8)

30 year olds
(n=10)

ASD
40 year olds
(n=10)

50 year olds
(n=7)

Age (y)
34+1

44+1

53±1

33 + 1

43 + 1

52 + 1

182+2

174+3

180+3

180+2

177+2

101 + 10

87+7

84+5

91+3

87+5

29+2

26+1

28+1

28+2

Height (cm)
181+4
Body Mass (kg)
96+6

Body Mass Index (kg/m2)
29 ±2

30+2

Values are expressed as means + SE.
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Table 2

Serum lipid concentrations during 4 weeks of supplementation

30 year olds
Week (n=10)

PL
40 year olds
(n=10)

50 year olds
(n=8)

30 year olds
(n=10)

ASD
40 year olds
(n=10)

50 year olds
(n=7)

Total-C
0

4.31+0.51

4.90±0.41

5.39±0.29

4.75±0.19

4.76±0.26

5.79±0.42

1

4.56±0.29

5.15±0.41

5.49+0.41

4.56±0.20

4.90±0.35

5.46±0.32

2

4.69+0.25

5.24±0.49

5.49±0.35

4.65±0.22

4.88±0.24

5.48±0.44

3

4.41 ±0.31

5.04±0.44

5.72±0.35

4.29±0.25

4.80±0.23

5.32±0.38

4

4.54+0.30

4.85 ±0.43

5.50±0.23

4.49±0.27

4.66±0.26

5.22±0.35

HDL-C
0

O.95+O.O6

0.98±0.11

1.23±0.13

1.21 ±0.09

0.99±0.07

I.09±0.I2

1

0.94+0.06

0.99±0.10

1.21±0.12

1.04±0.06*

0.90±0.05*

0.97±0.09*

2

O.9O+O.O6

0.99±0.09

1.22±0.13

1.04±0.05*

0.94±0.05*

1.01±0.10*

3

0.93 ±0.07

1.00±0.09

1.27±0.12

1.02±0.05*

0.88±0.05*

1.00±0.09*

4

0.96±0.07

0.99±0.10

1.21±0.12

1.05 ±0.04*

0.91 ±0.05*

1.01 ±0.09*

LDL-C
0

3.02 ±0.23

3.14±0.3

3.33±0.27

2.89±0.17

2.93±0.23

3.69±0.21

1

2.79±0.28

3.43 ±0.34

3.44±0.39

2.96±0.19

3.32±0.31

3.72±0.21

2

3.04±0.22

3.46±0.47

3.49±0.33

3.02±0.23

3.Î3+O.24

3.84±0.41

3

2.68±0.25

3.36±0.43

3.67±0.28

2.15+022

3.12±0.19

3.55±0.30

4

2.76±0.20

3.08±0.30

3.58±0.23

2.81 ±0.23

3.04±0.19

3.41 ±0.25

Values are expressed as means ± SE (mmol/L). * Significantly different from week 0
(Main treatment effect; P<0.05)
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Serum androstenedione concentrations during four weeks of nutritional
supplementation.

* = significantly different from week 0 (Main group effect, P < 0.05). f = 40 and 50 year
olds different from 30 year olds (Main group effect, P < 0.05).
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Serum dihydrotestosterone concentrations during four weeks of nutritional
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olds different from 30 year olds (Main effect, P < 0.05).
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Abstract
The effectiveness of a nutritional supplement designed to enhance serum testosterone
concentrations and prevent the formation of dihydrotestosterone and estrogens from the
ingested androgens was investigated in healthy 30 to 59 year old men. Subjects were
randomly assigned to consume DION (300-mg androstenedione, 150-mg
dehydroepiandrosterone, 540-mg saw palmetto, 300-mg indole-3-carbinol, 625-mg chrysin,
and 750-mg Tribulus terrestris per day; n=28) or placebo (n=27) for 28 days. Serum free
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testosterone, total testosterone, androstenedione, dihydrotestosterone, estradiol, prostate
specific antigen, and lipid concentrations were measured before and throughout the 4-week
supplementation period. Serum concentrations of total testosterone and prostate specific
antigen were unchanged by supplementation. DION increased (P<0.05) serum
androstenedione (342%), free testosterone (38%), dihydrotestosterone (71%), and estradiol
(103%) concentrations. Serum HDL-C concentrations were reduced by 5.0 mg/dl in DION
(P<0.05). Increases in serum free testosterone (r2 = 0.01), androstenedione (r2= 0.01),
dihydrotestosterone (r2= 0.03), or estradiol (r2= 0.07) concentrations in DION were not
related to age. While the ingestion of androstenedione combined with herbal products
increases serum free testosterone concentrations in older men, these herbal products do not
prevent the conversion of ingested androstenedione to estradiol and dihydrotestosterone.

Introduction
Androstenedione ingestion in dosages of 100-300 mg day"' in young men does not
chronically increase serum free or total testosterone concentrations, but does increase serum
estrogen concentrations [1-4]. In contrast, we recently observed 100 mg androstenedione
taken three times daily in older (30-56 y) men for 28 days produces a modest (45%) increase
in serum free testosterone and more substantial elevations in serum dihydrotestosterone
(83%), and estradiol (68%) [5]. Although these hormonal increases were significant, the
resultant concentrations remained within the normal physiological range.
Recently, it has been suggested that certain herbal extracts may prevent the
conversion of androgens to dihydrotestosterone (DHT) and estrogens, and increase serum
testosterone concentrations. Although it has been advertised that an extract from Tribulus
terrestris increases serum luteinizing hormone and testosterone concentrations, there are no
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published studies confirming this claim. Indole-3-carbinol, an extract from cruciferous
vegetables, has been shown to enhance oxidative metabolism and excretion of estrogens in
middle-aged men and women [6]. Chrysin, a flavonoid from Passiflora caerulea, inhibits the
aromatization of androgens to estrogens in vitro [7]. Saw palmetto decreases the in vitro 5a
reduction of androgens [8]. It has been speculated that the ingestion of these extracts with
DHEA and androstenedione may prevent 5a-reduction and aromatization, limiting the fate of
the ingested androgens to the 170 hydroxysteroid dehydrogenase (17P-HSD) pathway [9].
However, we have observed that when young men ingest a supplement (DION) containing
androstenedione, dehydroepiandrosterone (DHEA), indole-3-carbinol, chrysin, saw palmetto,
and Tribulus terrestris the hormonal response is not different from ingesting androstenedione
alone [10]. Since we have previously observed that the testosterone response to
androstenedione ingestion is different in older and younger men [1,5], we tested the
hypothesis that inclusion of these herbal extracts during chronic androstenedione and DHEA
supplementation alters the fate of the ingested androgens in older men.

Methods
Subjects
Fifty-six healthy men between the ages of 30 and 59 were recruited from the
university and local community for this project. All subjects signed an informed consent and
completed a thorough written medical history to remove any subjects with known chronic
disease. Subjects were questioned to ensure they had no current or previous use of
nutritional supplements prior to participating in this study, which was approved by the Iowa
State University human subjects review board.
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Blood Sample Collection and Analysis
Fasting blood samples were collected between 6:30 and 8:00 a.m. at the same time
each week. Five minutes after insertion of a catheter into an antecubital vein, blood samples
were obtained without stasis from supine subjects. Blood samples were immediately placed
in an ice bath until centrifugation and serum separation. A commercial laboratory performed
blood chemistry analysis of liver function enzymes, serum albumin, proteins, globulins, and
lipid concentrations (Quest Diagnostics, Wood Dale, IL). Serum concentrations of estradiol,
free testosterone, total testosterone, and androstenedione were measured in duplicate via
commercial radioimmunoassay kits (Diagnostic Products Corp, Los Angeles, CA and
Diagnostic Systems Laboratory, Webster TX). Commercially available enzyme-linked
immunosorbent assays were used to measure serum concentrations of prostate specific
antigen (PSA; Bio-Clin, Inc, St. Louis, MO) and dihydrotestosterone (DHT; Immuno
Biological Laboratories, Hamburg, Germany). The intra assay coefficients of variation for
total testosterone, free testosterone, estradiol, androstenedione, DHT and PSA were 6.1%,
7.2%, 6.6%, 5.8%, 3.2% and 6.6%, respectively. According to the information supplied by
the assay manufacturers, there was no detectable cross reactivity between androstenedione
and free testosterone, total testosterone, DHT, or estradiol.

Diet and Activity
Subjects were instructed to maintain normal diet and activity patterns throughout the
study. Subjects were given verbal and written instructions on the reporting of daily physical
activity and dietary intake and maintained diet, medication, and exercise records for the 2
days prior to each blood sampling. The dietary records were collected prior to weekly blood
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sampling and analyzed using commercial software (Nutritionist 4, N-Squared computing,
San Bruno CA).

Supplementation
Using a double blind counter balanced design subjects were randomly assigned to
consume capsules containing rice flour placebo (PL) or DION that contained daily doses of
300 mg androstenedione, 150 mg DHEA, 540 mg saw palmetto, 300 mg indole-3-carbinol,
625 mg chrysin, and 750 mg Tribulus terrestris. Subjects were instructed to consume the
supplements in equal doses before 9:00 am, at 3:00 pm, and before bedtime. A supplier of
nutritional supplements (Experimental and Applied Sciences, Golden, CO) provided the
DION and an independent laboratory (Integrated Biomolecule, Tucson, AZ) verified purity
and content of the supplements with high performance liquid chromatography (HPLC).
Compliance was monitored through written records of supplementation and the return of
empty supplement containers at the completion of the study.

Calculations and Statistics
To facilitate data presentation, subjects were stratified into age groups representing
the fourth (30 year olds), fifth (40 year olds), and sixth (50 year olds) decades. Data were
analyzed using commercial software (SPSS Inc, Chicago, IL). Statistical analyses were
performed using a 3 factor (Week by Treatment by Age group) repeated measures analysis of
variance (ANOVA). Because basal serum hormone concentrations may alter the endocrine
response to androgen supplementation, analysis of covariance (ANCOVA) was performed
using basal hormone concentrations as the covariate. Specific mean differences (P < 0.05)
were analyzed using a Student Newman-Keuls multiple comparison test. Analysis of age
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related effects of supplementation were conducted through tests of simple linear regression.
Data are presented throughout as means ± SE.

Results
Subjects
Subjects came from a variety of occupations and had varied physical activity levels.
Nine subjects in DION and 10 in PL reported regular participation in aerobic activity while
resistance exercise was reported in 5 subjects in DION and 6 in PL. Physical activity was
reported in 55% of the 30 and 40 year olds and in 20% of the 50 year olds. No changes in
physical activity patterns were reported during the course of the investigation. No
differences in height, body mass, or body mass index (BMI) were found between treatment
and age groups (Table 1), and body mass and BMI did not change in any age or treatment
group during the experimental period. One 50-year-old subject in the placebo group was
diagnosed with non-insulin dependent diabetes mellitus during the study and informed of the
condition; his data have been excluded from all analyses. This project was part of a larger
study and the data for the placebo group have been reported elsewhere [5].

Hormonal Response to Supplementation
The results of the ANCOVA revealed no significant effect of basal serum hormone
concentrations on the endocrine response to DION ingestion. Since the results of the
statistical analysis were not different between the ANOVA and ANCOVA, the actual means
rather than the adjusted means from the ANCOVA, are presented throughout the text
Serum total testosterone concentrations did not differ significantly between the three
age groups, and were not altered during the 4 weeks of supplementation in any age or
treatment group (Figure 1).

Basal serum free testosterone concentrations were significantly related to age
(r2=0.23), and were lower in the 50 year olds than the 30 year olds (Figure 2; P<0.05). There
was a significant (P < 0.05) Treatment-by-Week effect, but no Age-by-Week-by-Treatment
effect. For all ages combined, ingestion of DION resulted in a 38% increase (P<0.05) in
serum free testosterone concentrations during weeks 1-4. There was no relationship between
the observed change in serum free testosterone concentrations and age (r2=0.01).
Basal serum androstenedione concentrations were higher in the 30 year olds than in
the 40 or 50 year olds (Figure 3; P < 0.05). There was a significant (P < 0.05) Treatment-byWeek effect, but no Age-by-Week-by-Treatment effect. For all ages are combined, ingestion
of DION resulted in a 342% increase in serum androstenedione concentrations during weeks
1-4. There was no relationship between the observed change in serum androstenedione
concentrations and age (r2=0.01). Serum androstenedione concentrations were increased
above normal expected values in response to DION ingestion.
Baseline serum DHT concentrations were higher in the 30 year olds than in the 40 or
50 year olds (P<0.05; Figure 4). There was a significant (P < 0.05) Treatment-by-Week
effect, but no Age-by-Week-by-Treatment effect. For all ages combined, ingestion of DION
resulted in a 71% increase in serum DHT concentrations during weeks 1-4. There was no
relationship between the observed change in serum DHT concentrations and age (r2=0.047).
Basal serum estradiol concentrations were not different between age or treatment
group (Figure 5). There was a significant (P < 0.05) Treatment-by-Week effect, but no Ageby-Week-by-Treatment effect. For all ages combined, ingestion of DION resulted in a 103%
increase in serum estradiol concentrations during weeks 1-4. No relationship was observed
between the mean increase in serum estradiol concentrations during weeks 1- 4 and age
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(1^=0.012) or body mass index (r2=0.071). The change in serum estradiol concentrations was
not different between physically active and inactive subjects.
For all ages combined the ratio of total testosterone (nmol l"1) to estradiol (nmolT1)
decreased (P<0.05) during weeks 1-4 in DION (134 ± 15 vs. 65 ± 5) and remained stable in
PL (106 ± 9 vs. 113 ± 9). Similarly, for all ages combined, the ratio of free testosterone
(pmolT1) to estradiol (pmol l"1) decreased (P0.05) during weeks 1-4 in DION (0.42 ± 0.04
vs. 0.29 ± 0.02) and did not change in PL (0.37 ± 0.03 vs. 0.39 ± 0.03).
Serum PSA concentrations were unaffected by age or supplementation (Figure 6).
The mean serum PSA concentrations throughout the 4 weeks of supplementation for all
treatment groups combined were 2.1 ng ml"', 2.6 ng ml"' and 2.5 ng ml"' for the 30,40, and
50 year olds, respectively.

Serum Lipid Response
Basal serum lipid concentrations were not different between age or treatment groups
(Table 2). For all ages combined, ingestion of DION resulted in 8% reductions in serum
HDL-C during weeks 1-4 (P < 0.05; Treatment-by-Week effect). The observed decrease in
serum HDL-C concentrations was not related to age (r2=0.001), but was significantly related
to pre-supplementation HDL-C concentrations (r2=0.284). Serum low-density lipoprotein
cholesterol (LDL-C) and total cholesterol (Total-C) concentrations were not altered by age or
supplementation.

Blood Chemistry Response
Serum concentrations of gamma-glutamyltransferase, aspartate aminotransferase and
alanine aminotransferase remained unchanged throughout the 4-week supplementation period
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and were not affected by age (data not shown). There was also no age or supplement related
change in serum concentrations of protein, albumin, or globulin (data not shown).

Dietary Analysis
There were no significant differences in dietary macronutrient intake throughout the
study for either age or treatment group (Table 3). There were also no age or group
differences observed for alcohol, saturated fat, monounsaturated fat, polyunsaturated fat, or
cholesterol intake (data not shown). Subjects reported no use of prescription medications and
only occasional use of over the counter medications such as analgesics.

Discussion
Two novel findings of the present research are 1) chronic DION ingestion increases
serum free testosterone concentrations in 30-59 year old men and 2) the ingestion of saw
palmetto in the presence of exogenous androgens does not prevent the 5a-reduction of
ingested androgens. The present results also extend the previously observed findings in
young men [10] that ingestion of DION does not prevent aromatization of ingested
androstenedione or increase serum total testosterone concentrations in older men.
Although androstenedione can be enzymatically converted to testosterone [11-13],
daily doses of 100-300 mg androstenedione do not chronically increase serum total
testosterone concentrations in young [1-3] or older men [5,14]. The present results suggest
that ingestion of DION, which contains androstenedione, also does not increase serum total
testosterone concentrations in men between 30 and 59 years or age. In contrast, Leder et al.
[3] observed that serum total testosterone concentrations increased -34% following a single
300-mg androstenedione dose. These authors observed that serum total testosterone
concentrations returned to baseline within -4-6 hours, suggesting that daily doses of300-mg
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androstenedione or less are unlikely to produce chronic elevations in serum total testosterone
concentrations.
Ingestion of androstenedione alone [1,4], or formulated as DION [10], does not
increase serum free testosterone concentrations in 19-24 year old men. In contrast, DION
ingestion increases serum free testosterone concentrations in 30-59 year old men. The
elevations in serum free testosterone concentrations in DION in the current study confirm our
previous observations of elevated serum free testosterone concentrations with chronic
androstenedione ingestion in older men [5]. Consistent with the previously observed age
related declines in serum free testosterone concentrations [15-18], the serum free testosterone
concentrations in the current older subjects were lower than in the younger subjects in our
previous research [10], suggesting that age and basal serum free testosterone concentrations
may affect the free testosterone response to androstenedione intake. In addition, the large
degree of unexplained individual variability in the serum testosterone response to
androstenedione ingestion in young men [3] suggests that other, unknown factor(s) may
influence the testosterone response to androstenedione ingestion.
The use of weak androgens to increase serum testosterone concentrations is based on
the findings that DHEA [19, 20] and androstenedione [19] ingestion increase serum
testosterone concentrations in women. Since women have much lower serum testosterone
concentrations than men, and since serum free testosterone concentrations decline in aging
men [15-18], it has been hypothesized that DHEA ingestion may enhance serum free
testosterone concentrations in older men. However, the ingestion of DHEA does not appear
to increase serum free or total testosterone concentrations in men up to 70 years old [14, 20 23]. Therefore, it is likely that the increase in serum free testosterone concentrations in the

78

present study was a consequence of the conversion of androstenedione, rather than DHEA, to
testosterone.
In spite of the inclusion of chrysin, indole-3-carbinol, saw palmetto, and Tribulus
terrestris the hormonal response to DION ingestion did not differ from that observed with
androstenedione [5] ingestion. While chrysin [7] inhibits the aromatization of androgens and
indole-3-carbinol increases the hydroxylation and excretion of estrogens [6], these
compounds do not appear to prevent the in vivo increase in serum estrogen concentrations
after androstenedione ingestion. Although saw palmetto has been observed in vitro to impair
the 5a reduction of endogenous androgens to DHT [8], the increase in serum DHT with
DION ingestion is comparable to the increase observed with androstenedione ingestion alone
[5], suggesting that saw palmetto does not reduce the in vivo conversion of ingested
androgens to DHT. The serum testosterone response to DION [10, present results] is
remarkably similar to previous observations made with only androstenedione ingestion [1,5],
suggesting that the inclusion of Tribulus terrestris also does not alter the serum testosterone
response to ingesting androstenedione. Taken together, these results suggest that the
inclusion of indole-3-carbinol, chrysin, saw palmetto, and Tribulus terrestris in conjunction
with androstenedione does not alter the hormonal response to androstenedione ingestion.
DION is designed to enhance serum testosterone concentrations and enhance the
adaptations to resistance training. Exogenous testosterone administration resulting in large
increases in serum free and total testosterone concentrations increases muscle strength and
size in young [24] and older [25] men. However, the increases in serum testosterone
concentrations typically required to increase muscle size and strength [25] are -4-10 fold
larger than the currently observed increases in serum free testosterone [24]. DION does not
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enhance the adaptations to resistance training nor increase serum testosterone concentrations
in young men [ 10]. Whether an anabolic effect is seen with the 38-45% increases in serum
free testosterone concentrations associated with androstenedione alone [5] or formulated as
DION [present results] in older men is unknown.
Physiologic levels of estradiol stimulate HDL-C synthesis in normal men [26], and
elevated serum estrogens can have positive effects on vascular reactivity and serum lipid
concentrations [27]. However, in spite of the elevated serum estradiol concentrations
presently observed, serum HDL-C concentrations decreased with DION ingestion. Phillips
et al. [28] observed that -20% elevations in serum estradiol concentrations in men are
associated with the occurrence of myocardial infarction. There is also a risk for
gynecomastia associated with elevated serum estrogen levels [29]. While it is unlikely that
the increased serum estradiol concentrations in the present study had any long-term effects
on health, the effects of increased serum estradiol levels subsequent to long term DION
ingestion are unknown.
Ballantyne et al. [4] observed that androstenedione ingestion augments the increase in
serum estrogens observed immediately after resistance exercise. However, in the current
study blood samples were obtained at least 8-10 h after any physical activity and the
increased serum estradiol concentrations in response to DION did not differ between
physically active and inactive subjects. These data suggest that physical activity does not
alter the chronic increase in serum estradiol concentrations associated with androstenedione
ingestion.
Elevated serum androstenedione concentrations and a 150 % reduction of the serum
testosterone to androstenedione ratio have been observed in patients with pancreatic cancer
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[30]. The increase in serum androstenedione and 135% decrease in the testosterone to
androstenedione ratio observed during ingestion of DION are suggestive of an elevated risk
for pancreatic carcinoma.
The effect of weak androgen ingestion on prostate health is of particular concern in
the aging male. We have previously observed that 300 mg d"1 androstenedione ingestion
does not alter serum PSA concentrations in healthy men [5], The present findings confirm
these findings, and suggest that chrysin, indole-3-carbinol, saw palmetto and Tribulus
terrestris also do not alter serum PSA concentrations. While serum PSA concentrations were
not altered during the course of this study, 30% of males with prostatic tumors demonstrate
normal serum PSA concentrations [31]. In addition, in dogs benign prostatic hypertrophy
has been induced with -100% increases in serum estradiol and DHT concentrations [32].
Therefore, the 103% increase in serum estradiol and 71% increase in serum DHT
concentrations suggest that the potential risk of impaired prostate function with long term
DION use should not be disregarded.
In conclusion, the ingestion of 300-mg day-1 androstenedione combined with herbal
extracts containing aromatase and 5a-reductase inhibitors does not increase serum total
testosterone or PSA concentrations in 30-59 year old men, but does increase serum
concentrations of free testosterone, estradiol, androstenedione, and DHT. Thus, the addition
of these herbal extracts to androgenic compounds does not appear to mitigate the serum
hormonal and lipid response to androgen ingestion. The changes in serum hormone and lipid
concentrations associated with androgen ingestion suggest possible negative health
consequences with long-term use of these products.
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Table and Figures
Table 1.

Anthropometric data
30 year olds
PL
DION
(n=10) (n=10)

40 year olds
PL
DION
(n= 10) (n=10)

50 year olds
PL
DION
(n=7)
(n=8)

34+1

33 + 1

44+1

44+1

53±1

53 + 1

181 ±4

179+2

182±2

180+3

Î74+3

175+3

Body Mass (kg)

96±6

89+6

10I±10 88+4

87+7

82+3

BMI (kg/m2)

29±2

28+2

29+2

27+1

Age (y)
Height (cm)

Data are Means + SE.

30+2

27+1
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Table 2. Serum cholesterol concentrations during four weeks of supplementation
30's
PL
DION
Week (n=10) (n=10)
HDL-C 0

40's
PL
(n=10)

DION
(n=10)

50's
PL
(n=7)

DION
(n=8)

0.95+0.06 1.07+0.07

0.98+0.11 1.00+0.05

1.23+0.13 1.04+0.07

1

0.94+0.06 1.00+0.06*

0.99+0.10 0.94+0.07*

1.21+0.13 0.93+0.05*

2

0.90+0.06 0.92+0.06*

0.99+0.09 0.85+0.05*

1.22+0.13 0.87+0.05*

3

0.93+0.07 0.91+0.04*

1.00+0.09 0.87+0.06*

1.27+0.13 0.90+0.05*

4

0.96+0.07 0.93 +0.06*

0.99 +0.10 0.89 +0.06*

1.21+0.13 0.87+0.05*

LDL-C 0

3.02+0.23 3.31+0.19

3.14+0.30 3.19+0.24

3.33+0.27 3.05+0.16

1

2.79+0.28 3.30+0.20

3.43+0.34 3.13+0.20

3.44+0.39 3.02+0.21

2

3.04+0.22 3.14+0.18

3.46+0.47 3.05+0.24

3.49+0.33 2.89+0.20

3

2.68+0.25 3.05±0.17

3.36+O.43 3.04±0.20

3.67±0.28 3.00±0.19

4

2.76+0.20 2.94+0.19

3.08+0.30 2.87+0.15

3.58+0.23 3.05+0.20

Total-C 0

4.31+0.51 4.99+0.20

4.90+0.41 4.99+0.39

5.39+0.29 4.69+0.50

1

4.56±0.29 4.95±0.27

5.Î5+O.4Î 4.95±0.35

5.49±0.41 4.65±0.66

2

4.69+0.25 4.69+0.17

5.24+0.49 4.76+0.34

5.49+0.35 4.54+0.59

3

4.41+0.31 4.25+0.49

5.04+0.44 4.54+0.21

5.72+0.35 4.58+0.57

4

4.54±0.30 4.64 +0.29

4.85 +0.43 4.43 +0.15

5.50+0.23 4.79 +0.66

Data are Means ± SE. Units are mmol/L. * Significantly different from week 0 for DION
(Treatment-by-Week effect, P < 0.05)
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Table 3.

Daily macronutrient intake during 4 weeks of supplementation
30's
PL
DION
(n=10) (n=10)

40's
PL
DION
(n=10) (n=10)

50's
PL
DION
(n=7) (n=8)

10.0+0.7 9.7+0.5

9.6+0.8 9.5+1.1

8.5+1.3 9.5+0.8

9.9+1.0 9.6+0.6

10.0+1.2 8.6+0.8

8.7+1.2 8.8+1.0

10.7+0.8 9.2+0.6

10.8+1.1 9.1 + 1.2

8.8+0.8 8.9+0.7

9.9+0.810.1+0.6

8.8+1.1 8.4+1.2

8.6+0.7 8.0+1.3

4

9.8+0.7 9.8+0.3

9.8+0.9 9.4+1.0

7.1 + 1.0 8.2+0.8

0

331+29 343+27

330+29 314+42

286+71 332+41

1

339+42 303 + 28

338+47 308+34

296+42 341 + 39

2

366+34 291+25

322+34 305+47

298+46 321+25

3

346+21 337+24

290+43 298+52

288+37 276+38

4

340+26 308+21

348+40 341+35

217+17 291+30

Week
KJ10

CHO(g)

Fat(g)

0

78+8

65+6

68+10

72+10

51+9

63 + 5

1

77+10

71 + 10

72+10

56+9

58+12

51 + 9

2

83 + 10 61 + 5

93+16 69+12

59+5

57+12

70+12 70+8

62+6

62+9

60+6

61+14

76+12

68+1

81 + 15

56+12

56+10

Data are Means + SE.

71+9
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Serum androstenedione concentrations during four weeks of nutritional
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*significantly different from week 0 for DION (Treatment-by-Week effect, P < 0.05); X 30
year olds significantly different from 40 and 50 year olds at baseline (Age-by-Week effect, P
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* significantly different from week 0 for DION (Treatment-by-Week effect, P < 0.05).
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CHAPTER 5. ENDOCRINE AND LIPID RESPONSES TO CHRONIC
ANDROSTENEDIOL-HERBAL SUPPLEMENTATION IN 30-58 YEAR OLD MEN

A paper published in the Journal of the American College of Nutrition
20:520-528, 2001.
Gregory A. Brown1'3, Matthew D. Vukovich2-5, Emily R. Martini1'5, Marian L. Kohut1'5,
Warren D. Franke1'5, David A. Jackson1'5, and Douglas S. King1'4
'Exercise Biochemistry Laboratory, Department of Health and Human Performance, Iowa
State University, Ames IA
2Human

Performance Laboratory, South Dakota State University Department of HPER,

Brookings, SD
^Graduate student, primary researcher and author.
4Major

Professor, professor, and corresponding author

Contributed significantly to sample collection and overall research completion

Abstract
Objective. The effectiveness of an androgenic nutritional supplement designed to enhance
serum testosterone concentrations and prevent the formation of dihydrotestosterone and
estrogens was investigated in healthy 30 to 58 year old men. Design. Subjects were
randomly assigned to consume a nutritional supplement (AND-HB) containing 300-mg
androstenediol, 480-mg saw palmetto, 450-mg indole-3-carbinol, 300-mg chrysin, 1,500 mg
gamma-linolenic acid, and 1,350-mg Tribulus terrestris per day (n=28), or placebo (n=27) for
28 days. Subjects were stratified into age groups to represent the fourth (30 yr olds, n=20),
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fifth (40 yr olds, n=20) and sixth (50 yr olds, n=16) decades of life. Measurements. Serum
free testosterone, total testosterone, androstenedione, dihydrotestosterone, estradiol, prostate
specific antigen, and lipid concentrations were measured before supplementation and weekly
for 4 weeks. Results. Basal serum total testosterone, estradiol, and prostate specific antigen
(PSA) concentrations were not different between age groups. Basal serum free testosterone
concentrations were higher (P<0.05) in the 30- (70.5 ±3.6 pmol/L) than in the 50 year olds
(50.8 ± 4.5 pmol/L). Basal serum androstenedione and dihydrotestosterone (DHT)
concentrations were significantly higher in the 30- (for androstenedione and DHT
respectively; 10.4 ± 0.6 nmol/L and 2198.2 ± 166.5 pmol/L) than in the 40- (6.8 ± 0.5
nmol/L and 1736.8 ± 152.0 pmol/L) or 50 year olds (6.0 ± 0.7 nmol/L and 1983.7 ± 147.8
pmol/L). Basal serum hormone concentrations did not differ between the treatment groups.
Serum concentrations of total testosterone and PSA were unchanged by supplementation.
Ingestion of AND-HB resulted in increased (P<0.05) serum androstenedione (174%), free
testosterone (37%), DHT (57%), and estradiol (86%) throughout the 4 weeks. There was no
relationship between the increases in serum free testosterone, androstenedione, DHT, or
estradiol and age (r2 = 0.08,0.03,0.05 and 0.02, respectively). Serum HDL-C concentrations
were reduced (P<0.05) by 0.14 mmolT1 in AND-HB. Conclusions. These data indicate that
ingestion of androstenediol combined with herbal products does not prevent the formation of
estradiol and dihydrotestosterone.

Introduction
Androstenediol (4-androstene-3p, 17(3-diol) is an androgenic precursor to testosterone [1,2].
Advertisements claim that ingesting androstenediol increases serum testosterone
concentrations and augments the gains in muscle mass and strength associated with
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resistance training. However, in men, serum testosterone concentrations are not increased
within 90 minutes of a single 200 mg dose [3] or when blood is sampled -12 h after ingesting
100 mg [4] androstenediol but serum estradiol concentrations are increased -12 h after
intake.
Several herbal extracts have been demonstrated to alter steroid metabolism and may
change the endocrine response to androstenediol intake. Saw palmetto [5] and gamma
linolenic acid (yLA) [6] inhibit the in vitro 5a reduction of androgens to dihydrotestosterone
(DHT). Chiysin has been shown to impair aromatization in vitro [7] and indole-3-carbinol
has been shown to enhance the urinary clearance of estrogens in vivo [8]. Tribulus terrestris
is purported to increase testosterone concentrations by increasing serum luteinizing hormone
concentrations, although this claim has not been verified. While androstenediol ingestion
alone does not appear to alter serum testosterone concentrations [3,4], inclusion of these
herbal extracts with androstenediol may prevent the breakdown of androstenediol to
estrogens or dihydrotestosterone resulting in increased serum testosterone concentrations.
Therefore, the purpose of this project was to determine whether chronic ingestion of a
nutritional supplement (AND-HB) that combines androstenediol, saw palmetto, yLA, indole3-carbinol, chrysin, and Tribulus terrestris increases serum testosterone concentrations while
preventing increased serum estradiol and DHT concentrations in healthy men.
Methods
Subjects and General Design
Fifty-six healthy men (30 - 58 y) ingested either a rice flour placebo (PL) or ANDHB for four weeks. Blood samples were collected each week for the measurement of serum
hormone concentrations and blood chemistry. Prior to participating in this project all
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subjects provided informed consent, were questioned to ensure they were not currently using
nutritional supplements, and completed a written medical history to eliminate subjects with a
known chronic disease. The human subjects review committee at Iowa State University
provided approval for this project.
Supplementation
Subjects were randomly assigned in a double blind, counter balanced manner to
consume unmarked capsules containing either PL or AND-HB. Subjects were instructed to
consume the supplements in equal doses t.i.d. (before 0900 h, at 1500 h, and before bedtime).
AND-HB contained daily doses of 300 mg androstenediol, 480 mg saw palmetto, 450 mg
indole-3-carbinol, 300 mg chrysin, 1,500 mg yLA, and 1,350 mg Tribulus terrestris. The
capsules were provided by a supplier of nutritional supplements (Experimental and Applied
Sciences, Golden, CO) and were assayed for content and purity (-99%) using highperformance liquid chromatography (HPL-C) by an independent laboratory (Integrated
Biomolecule, Tucson, AZ). Subject compliance to the supplementation regime was assessed
through written records and the return of supplement containers at the conclusion of the
study.
Diet and Activity
Subjects were instructed to maintain their normal diet and activity pattern throughout
the course of the study and also record their diet and activity for the 2 d prior to each blood
sampling. Dietary composition was analyzed using commercial software (Nutritionist 4, NSquared computing, San Bruno, CA).
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Blood Sample Collection and Analysis
Fasting blood samples were collected between 0630 and 0800 at baseline and once
per week, -8-10 hours after supplement ingestion, on the same day each week, for 28 days.
Blood samples (-20 ml) were collected without stasis from an antecubital vein and
immediately placed into an ice bath until centrifugation and serum separation. Blood
samples were analyzed for liver function enzyme, lipid, and protein composition by a
commercial laboratory (Quest Diagnostics, Inc., Wood Dale, IL). Serum concentrations of
total testosterone, free testosterone, androstenedione, and estradiol were measured via
commercial tracer analog radioimmunoassay kits (Diagnostic Products Corp, Los Angeles,
CA; and Diagnostic Systems Laboratory, Webster, TX). Serum DHT and prostate specific
antigen (PSA) concentrations were measured with commercially available enzyme-linked
immunosorbent assay (ELISA; Bio-Clin, Inc, St. Louis, MO; Immuno-Biological
Laboratories, Hamburg, Germany). The samples for each subject were analyzed in duplicate
within the same assay and the intra-assay coefficients of variation for total testosterone, free
testosterone, estradiol, androstenedione, DHT and PSA were 6.1%, 7.2%, 6.6%, 5.8%, 3.2%
and 6.6%, respectively. According to the manufacturers of the RIA and ELISA kits, there is
no detectable cross reactivity of the assays for androstenediol, androstenedione, DHT,
estradiol or testosterone.
Calculations and Statistics
To facilitate data analysis and presentation, subjects were grouped by age to represent
the fourth (30 yr olds, n=20), fifth (40 yr olds, n=20) and sixth (50 yr olds, n=16) decades of
life. Statistical analyses of the data were performed using a 3 factor (Week by Treatment by
Age group) repeated measures analysis of variance (ANOVA) with commercial software
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(SPSS Inc, Chicago, IL). Specific mean differences (P < 0.05) were identified using Student
Newman-Keuls post hoc comparisons. Because basal serum hormone concentrations may
alter the endocrine response to androstenediol supplementation, analysis of covariance
(ANCOVA) was performed using basal hormone concentrations as the covariate.
Relationships between the effects of supplementation and age were analyzed using simple
linear regression. The percent change in serum analytes was calculated as the mean change
from baseline for all subjects during weeks 1-4. Data are presented throughout as means ±
SE.
Results
Subjects
Subjects came from a wide variety of occupations and physical activity levels. No
changes in physical activity patterns were reported during the course of the investigation.
Twelve subjects in AND-HB and 10 in PL reported regular participation in aerobic activity
such as running and basketball while resistance exercise was reported in 4 subjects in ANDHB and 6 in PL. No differences or changes in height, body mass, or body mass index (BMI)
were found for any treatment or age group (Table 1). One 50-year-old subject in the placebo
group was diagnosed with non-insulin dependent diabetes mellitus during the study,
informed of the condition, and his data have been excluded from all analysis. This project
was part of a larger study, and the data for the placebo group has been reported elsewhere
[9,10].
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Hormonal Response to Supplementation
The results of the ANCOVA revealed no effect of basal serum hormone
concentrations on the hormonal response to AND-HB. Therefore, actual, rather than
adjusted means from the ANCOVAs are presented throughout the text.
Serum total testosterone concentrations were not different between age or treatment
groups at baseline, nor were they altered by supplementation (Figure 1).
Basal serum free testosterone concentrations were significantly related to age
(1^=0.23), and were lower in the 50 year olds than the 30 year olds (Figure 2; P<0.05). For
all ages combined, ingestion of AND-HB resulted in a mean increase (P<0.05) of 37% in
serum free testosterone concentrations during weeks 1-4. There was no relationship between
the change in serum free testosterone concentrations and age (^=0.08).
Basal serum androstenedione concentrations were higher in the 30 year olds (P <
0.05) than in the 40 or 50 year olds (Figure 3). For all ages combined ingestion of AND-HB
resulted in a 174% increase (P < 0.05) in serum androstenedione concentrations during weeks
1-4. The increase in serum androstenedione concentrations was not related to age (r2=
0.029).
Basal serum DHT concentrations were higher in the 30 year olds than in the 40 or 50
year olds (P<0.05; Figure 4). For all ages combined, ingestion of AND-HB resulted in a
57% increase (P < 0.05) in serum DHT concentrations during week 1-4. The increase in
serum DHT concentration was not related to age (r^=0.033).
Basal serum estradiol concentrations were not different between age or treatment
groups (Figure 5). For all ages combined, ingestion of AND-HB resulted in an 86% increase
(P < 0.05) in serum estradiol concentrations during weeks 1-4. There was no relationship
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between the mean increase in serum estradiol concentrations and age (rW.029) or body
mass index (1^=0.024).
Age did not influence the changes in the testosterone to estradiol ratio. The ratio of
total testosterone to estradiol for all ages combined decreased (P<0.05) during weeks 1-4 in
AND-HB (109 ± 10 vs. 65 ± 5) and remained stable in PL (106 ± 9 vs. 113 ± 9). Similarly,
for all ages combined, the ratio of free testosterone (pmol I"') to estradiol (pmoM1) decreased
(P<0.05) during weeks 1-4 in AND-HB (0.37 ± 0.04 vs. 0.28 ± 0.02) and did not change in
PL (0.37 ± 0.03 vs. 0.39 ± 0.03).
Serum PSA concentrations were not affected by age or supplementation (Figure 6).
The mean serum PSA concentrations throughout the 4 weeks of supplementation for all
treatment groups combined were 2.1 ng ml"', 2.6 ng ml"' and 2.5 ng ml"' for the 30,40, and
50 year olds, respectively.
Serum Lipid Response
For all ages combined, ingestion of AND-HB resulted in an 11% decrease (P < 0.05)
in serum HDL-C concentration during weeks 1-4 (Table 2). The decrease in serum HDL-C
concentrations was independent of age (r2=0.00l) but was positively related to presupplementation HDL-C concentrations (r2=0.284). Serum low-density lipoprotein
cholesterol (LDL-C) and total cholesterol (Total-C) concentrations were not altered by age or
treatment.
Blood Chemistry Response
Serum concentrations of gamma-glutamyltransferase, aspartate aminotransferase, and
alanine aminotransferase remained unchanged throughout the 4-week supplementation period
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and were not affected by age. There was also no age or supplement related change in serum
concentrations of protein, albumin, or globulin (data not shown).
Dietary Analysis
There were no age or treatment differences in dietary macronutrient intake (Table 3).
There were also no age or treatment differences in saturated fat, monounsaturated fat,
polyunsaturated fat, or cholesterol intake (Table 4).
Discussion
The current results demonstrate that chronic ingestion of 100 mg androstenediol taken
t.i.d. does not increase serum total testosterone concentrations measured -8-10 h after intake.
In addition, the use of herbal aromatase and 5a-reductase inhibitors does not prevent
conversion of the ingested androstenediol to estradiol and DHT. However, unlike previous
observations with chronic 100 mg b.i.d. androstenediol ingestion [4], chronic AND-HB
ingestion elevates serum free testosterone concentrations.
The ingestion of weak androgens, such as androstenedione and androstenediol, is
claimed by nutritional supplement marketers to increase serum testosterone concentrations.
Although comparing results across studies and subject populations should be done with
caution, serum total testosterone concentrations are unchanged within a few hours of
ingesting 100-200 mg androstenedione [3,11,12,13] or 8-12 h after ingesting 100-300 mg [4,
9,11,12,13] androstenedione. The addition of herbal extracts does not change the
testosterone response to androstenedione ingestion within 6 h of intake [11,12]. In vitro,
androstenediol is converted to testosterone ~3 times more readily than androstenedione [2],
suggesting that androstenediol ingestion would more effectively increase serum testosterone
concentrations than androstenedione. In spite of the greater in vitro conversion of
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androstenediol to testosterone, serum testosterone concentrations are not changed with 90
min of 200 mg androstenediol intake [3] or at 12 h after 100 mg [4]. The current results
indicate that the ingestion of herbal extracts does not change the serum total testosterone
response to androstenediol.
Although oral intake of 200 mg androstenediol does not increase serum total
testosterone concentrations acutely [3], and intake of 100 mg androstenediol does not
increase serum testosterone after ~8 h (present study), we have recently observed that
sublingual intake of 20 mg androstenediol causes an acute -15% increase in serum total
testosterone concentrations lasting for at least 3 hours [14]. It therefore appears that while
androstenediol can be converted to testosterone, the processes of digestion and hepatic
catabolism destroy much of the ingested androstenediol.
Serum free testosterone concentrations are unchanged after ingestion of a single dose
of 200 mg androstenediol [3] or chronic ingestion of 100 mg b.i.d. [4]. The increase in
serum free testosterone concentrations observed in the present study may be due to the higher
daily dose of androstenediol administered. Since we have previously observed that herbal
extracts do not alter the hormonal response to androstenedione ingestion [10,12], it is
unlikely that the increased serum free testosterone concentrations resulted from the addition
of saw palmetto, yLA, indole-3-carbinol, chrysin, and Tribulus terrestris.
Increased serum free testosterone in conjunction with unchanged total testosterone,
protein, and albumin concentrations suggests that androstenediol ingestion may exert an
affect on sex hormone binding globulin (SHBG). Since SHBG binds more favorably to DHT
than testosterone [15], it is possible that androstenediol ingestion causes a shift in the binding
of SHBG from testosterone to DHT resulting in increased serum free testosterone
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concentrations. It is also possible that, similar to androstenedione ingestion [13],
androstenediol ingestion results in reduced serum SHBG concentrations. Since we were
unable to measure SHBG in the current study, the effect of androstenediol ingestion on
SHBG remains unknown.
The tracer analog method for measuring free testosterone has been criticized based on
findings of a positive relationship between SHBG and measured free testosterone
concentrations, and the suggestion that this method detects a constant fraction of the total
testosterone concentrations, rather than the testosterone that is free from binding proteins
[16]. The increased serum free testosterone concentrations with no concomitant increase in
total testosterone concentrations in the present study suggests that the tracer analog method
does not measure a constant fraction of serum total testosterone. This finding supports the
work of others [17,18] demonstrating that this method accurately measures free testosterone
concentrations, and suggests that the observed increased serum free testosterone
concentrations are not an artifact of the method of measurement.
Marketing claims purport that androstenediol ingestion enhances the effects of
resistance training. On the contrary, Breeder et al. [4] found that androstenediol ingestion
does not increase serum free testosterone concentrations or enhance muscle mass or strength
gains associated with resistance training in men. Previous observations indicate that larger
(~5 fold) increases in serum testosterone concentrations increase muscle protein synthesis
and the adaptations to resistance training [19,20,21]. Since we did not assess muscle mass or
strength, the effects of the 37% increase in serum free testosterone concentrations on muscle
mass remain unknown.
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The action of 5a reductase converts androgens into DHT [22], which has been
associated with benign prostate hypertrophy [23]. In spite of the inclusion of yLA and saw
palmetto, which inhibit 5a reductase in vitro [5,6], AND-HB ingestion results in increased
serum DHT concentrations. Since the serum DHT response to androstenediol intake has not
been previously examined, it is difficult to determine whether the inclusion of yLA and saw
palmetto in AND-HB altered the serum DHT response. However, the increases in serum
DHT concentrations with AND-HB intake were similar in magnitude to our previous
observations with androstenedione [9]. Therefore, it appears that yLA and saw palmetto do
not effectively inhibit the conversion of exogenous androgens into DHT.
Some marketers of nutritional supplements claim that androstenediol does not
undergo aromatization. However, elevated serum estradiol concentrations in conjunction
with androstenediol intake have been reported [4,14], suggesting that androstenediol may
undergo aromatization. Furthermore, the elevations in serum estradiol after ingestion of 100
mg androstenediol t.i.d. are very similar in magnitude to those found after ingestion of 100
mg androstenedione t.i.d. ingestion in a similar population [9,10] suggesting that
androstenediol is aromatized to the same extent as androstenedione.
In vitro, chrysin inhibits aromatase activity [7]. In vivo, indole-3-carbinol inhibits
aromatization and enhances estrogen clearance [8]. However, the inclusion of these herbal
extracts in AND-HB did not prevent elevated serum estradiol concentrations. Since Broeder
et al. [4], used 200 mg/day androstenediol and the present study used 300 mg/day, and the
increase in serum estradiol was of a larger magnitude in the present study, indole-3-carbinol
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and chrysin do not appear to be effective at inhibiting aromatization in the presence of
exogenous androgens.
Similar to our previous observations with androstenedione ingestion [9,10], shortterm androstenediol ingestion does not alter serum PSA concentrations. Although this
indicates that short-term androstenediol ingestion does not increase the risk of prostate
cancer, the development of prostate cancer occurs slowly and is not always detectable with
measurements of serum PSA [24].
The ingestion of androstenediol is purported to enhance health and vitality. However,
the health related consequences of long-term androstenediol ingestion have not been
examined and the hormonal milieu associated with chronic androstenedione ingestion may
increase the risk for disease. The testosterone/androstenedione ratio is lower in patients with
pancreatic cancer [25]. In the present study, the testosterone/androstenedione ratio after
AND-HB intake was one half of that found in patients with pancreatic cancer [25],
suggesting that AND-HB intake may predispose users to pancreatic cancer.

A 20% increase

in serum estradiol concentrations has been observed in men with myocardial infarction [26],
and increased serum estradiol in conjunction with increased serum DHT has been
experimentally demonstrated to induce benign prostate hyperplasia [23]. Furthermore, since
relatively small (i.e., 1 nmol/L) increases in serum androstenedione are associated with a
significant increases in the risk for prostate cancer, the -12 nmol/L increase in serum
androstenedione observed with AND-HB intake may be of clinical relevance. The reduced
serum HDL-C concentrations associated with androstenediol ingestion are indicative of an
-12% increase in the risk for heart disease [27]. Although none of these conditions were
observed during the present study, and it is unlikely that these chronic diseases would be
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detected during the course of 4 weeks, untoward health consequences with long-term
androstenediol intake cannot be ruled out.
Conclusion
Chronic ingestion of 100 mg androstenediol t.i.d. produces modest increases in serum
free testosterone, and more pronounced increases in serum estradiol, androstenedione, and
DHT concentrations while reducing serum HDL-C concentrations in 30-58 year old men.
The changes in the serum hormonal milieu were observed in spite of the inclusion of saw
palmetto, yLA, indole-3-carbinol, chrysin, and Tribulus terrestris suggesting that, in the doses
given, these herbal extracts do not prevent the aromatization or 5a reduction of ingested
androstenediol. Although the health related effects of long-term androstenediol ingestion are
unknown, the observed changes in the serum hormone profile suggest that caution is
advisable in its use as a nutritional supplement.
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Table and Figures
Table 1.

Anthropometric data
30 year olds
PL AND-HB
(n=10) (n=10)

40 year olds
PL AND-HB
(n=10) (n=10)

34±1

34±1

44 ± 1

43± 1

53± 1

53±1

181±4

177±3

182±2

180±2

174±3

175±2

Body Mass (kg)

96±6

85 ±5

101±10 93±3

87±7

93±7

BMI (kg/m2)

29±2

27±2

29±2

27±1

Age (y)
Height (cm)

Data are means ± SE.

30±2

29± 1

50 year olds
PL AND-HB
(n=7)
(n=8)
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Table 2.

Serum cholesterol concentrations during four weeks of supplementation

Week
HDL-C 0

PL
(n=10)

30's
AND-HB
(n=10)

PL
(n=10)

40's
AND-HB
(n=10)

PL
(n=7)

50's
AND-HB
(n=8)

0.95±0.06 1.09±0.08

0.98±0.11 1.09±0.06

1.23±0.13 1.09±0.08

1

0.94±0.06 0.97±0.06*

0.99±0.10 0.96±0.07*

1.21 ±0.13 1.00±0.09*

2

0.90±0.06 0.94±0.07*

0.99±0.09 0.89±0.05*

1.22±0.13 0.93±0.08*

3

0.93±0.07 0.96±0.05*

1.00±0.09 0.92±0.04*

1.27±0.13 0.97±0.09*

4

0.96±0.07 0.95±0.06*

O.99±O.lO 0.93±0.05*

1.21±0.13 0.95±0.11*

LDL-C 0

3.0±0.2

3.0±0.3

3.1±0.3

3.0±0.2

3.3±0.3

3.1 ±0.2

1

2.8±0.3

3.1 ±0.2

3.4±0.3

2.9±0.1

3.4±0.4

2.9±0.I

2

3.0±0.2

3.1 ±0.2

3.5±0.5

3.0±0.2

3.5 ±0.3

2.9±0.1

3

2.7±0.3

3.2±0.3

3.4±0.4

2.9±0.2

3.7±0.3

2.9±0.2

4

2.8±0.2

2.9±0.3

3.1 ±0.3

3.0±0.2

3.6±0.2

2.9±0.2

Total-C 0

4.3±0.5

4.7±0.4

4.9±0.4

4.8±0.2

5.4±0.3

4.68±0.3

1

4.6±0.23

5.0±0.3

5.2±0.4

4.6±0.1

5.5±0.4

4.6±0.6

2

4.7±0.3

4.9±0.3

5.2±0.5

4.7±0.2

5.5±0.4

4.6±0.5

3

4.4±0.3

4.9±0.3

5.0±0.4

4.5 ±0.2

5.7±0.4

4.5±0.6

4

4.5 ±0.3

4.8±0.3

4.9±0.4

4.7±0.2

5.5±0.2

4.6±0.6

Data are means ± SE. Units are mmoL/L. * Significantly different from week 0 for AND-HB
(Treatment-by-Week effect, P < 0.05)
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Table 3.

Dietary macronutrient intake during four weeks of supplementation

PL
(n=10)

30's
AND-HB
(n=10)

PL
(n=I0)

40's
AND-HB
(n=10)

PL
(n=7)

50's
AND-HB
(n=8)

0

10.0±0.7

9.7±0.9

9.6±0.8

7.8±1.1

8.5 ±1.3

9.5±0.5

1

9.9± 1.0

10.1 ±0.7

10.0±1.2

9.3 ±0.7

8.7±1.2

10.8±0.5

2

10.7±0.8

9.5±0.8

I0.8±l.l

9.7±0.6

8.8±0.8

9.7±1.2

3

9.9±0.8

9.7±0.6

8.8±1.1

9.9±0.8

8.6±0.7

9.1 ±0.9

4

9.8±0.7

11.1±0.9

9.8±0.9

9.2±0.7

7.1 ±1.0

9.7±1.0

CHO (g) 0

331 ±29

346±30

330±29

287±25

286±71

323±30

1

339±42

344±36

338±47

330±31

296 ±42

349±34

2

366±34

346±34

322±34

318 ±31

298 ±46

314±43

3

346±21

364±36

290±43

323 ±35

288±37

336±54

4

340±26

383±42

348±40

301 ±34

217±17

333±47

0

78±8

58±11

68±10

71 ±6

51 ±9

67±6

1

77 ±10

68±6

72±10

64 ±8

58± 12

88±4

83± 10

61 ±9

93±16

70±5

59±5

76± 12

70±12

57±7

62 ±6

73 ±9

60±6

56±9

76±12

71 ±8

68± 10

67 ±5

56± 12

72±10

Week
KJ 103

Fat (g)

Data are means ± SE.
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Table 4.

Dietary fat and cholesterol intake during four weeks of supplementation

Week
Sat (g)

PL
(n=10)

30's
AND-HB
(n=10)

PL
(n=10)

40's
AND-HB
(n=10)

PL
(n=7)

50's
AND-HB
(n=8)

0

25.9±3.5

21.7±5.0

20.8±3.9

24.5 ±2.6

15.3±3.5

22.1±3.0

1

24.1 ±2.8

24.6±3.4

24.0±3.6

20.1 ±2.4

I6.9±2.4

26.8±2.6

2

27.9±3.5

21.5±4.6

29.7±6.3

23.2±3.1

20.2±3.0

21.8±3.1

3

23.2±4.1

20.8±2.7

20.0±2.5

22.7±2.5

18.9±2.2

18.3±3.6

4

26.1 ±4.9

23.3±3.7

I9.0±2.2

23.8±1.9

18.6±4.6

23.1 ±3.4

Mon (g) 0

23.4±2.8

18.0±3.4

17.9±2.0

21.8±1.9

17.8±4.4

19.5±2.6

1

23.5±5.0

24.8±2.4

24.8±3.6

19.4 ±2.7

19.7±6.0

32.2±2.5

2

26.2±4.9

18.6±2.7

33.1 ±6.4

23.2±2.5

18.4±2.0

23.8±3.8

3

20.7±3.9

17.7±2.7

18.5±3.1

24.2 ±4.2

17.8±2.6

2I.0±3.8

4

20.8±3.1

26.1 ±3.4

22.7±3.0

20.5±2.5

16.5±4.7

18.1±3.0

Chi (mg) 0

311 ±60

246±48

264±43

330±52

247±48

259±75

1

245 ±52

273±54

193 ±34

248 ±45

155±32

366±70

2

265±59

184±30

327±82

275±45

251±64

271±51

3

185 ±38

133±25

366± 165

332±76

228±41

260±63

4

204±38

290±57

200±26

337±68

158±39

289 ±84

Data are means ± SE. Sat = saturated fat, Mon = monounsaturated fat, Chi = cholesterol
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Figure 2.

Serum free testosterone concentrations during four weeks of nutritional
supplementation.

* Significantly different from week 0 for AND-HB (Treatment by Week effect, P < 0.05); £
50 year olds significantly different from 30 year olds at baseline (Age by Week effect, P <
0.05). Data are means ± SE.
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Serum androstenedione concentrations during four weeks of nutritional
supplementation.

* Significantly different from week 0 for AND-HB (Treatment by Week effect, P < 0.05); J
30 year olds significantly different from 40 and 50 year olds at baseline (Age by Week effect,
P < 0.05). Data are means ± SE.
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Serum dihydrotestosterone concentrations during four weeks of nutritional
supplementation.

* Significantly different from week 0 for AND-HB (Treatment by Week effect, P < 0.05); X
30 year olds significantly different from 40 and 50 year olds at baseline (Age by Week effect,
P < 0.05). Data are means ± SE.
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Serum estradiol concentrations during four weeks of nutritional
supplementation.

* Significantly different from week 0 for AND-HB (Treatment by Week effect, P < 0.05).
Data are means ± SE.
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Serum prostate specific antigen concentrations during four weeks of
nutritional supplementation.

Data are means ± SE.
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Abstract
The effectiveness of orally ingested androstenediol in raising serum testosterone
concentrations may be limited due to hepatic breakdown of the ingested androgens. Since
androstenediol administered sublingually with cyclodextrin bypasses first pass hepatic
catabolism, we evaluated the acute hormonal response to sublingual cyclodextrin
androstenediol supplement in young men. Eight males experienced in strength training (22.9
± 1.2 y) consumed either 20 mg androstenediol in a sublingual cyclodextrin tablet (SLDIOL) or placebo (PL) separated by at least one week in a randomized, double blind cross
over manner. Blood samples were collected before supplementation and at 30-min intervals
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for 3 h following supplementation. Serum hormone concentrations did not change in PL.
Serum androstenedione concentrations were increased (P<0.05) above baseline (11.2 ±1.1
nmol-L"') in SL-DIOL from 60-180 min after intake, and reached a peak concentration of
25.2 ± 2.9 nmol-L"1 at 120 min. Serum free testosterone concentrations were increased from
86.2 ± 9.1 pmol-L"1 in SL-DIOL from 30 to 180 min, and reached a peak concentration of
175.4 ± 12.2 pmol-L"1 at 60 min. Serum total testosterone concentrations increased above
basal (25.6 ± 2.3 nmol-L"') from 30-180 min in SL-DIOL, and reached a peak concentration
of 47.9 + 2.9 nmol-L"1 at 60 min. Serum estradiol concentrations were elevated (P<0.05)
above baseline (0.08 ± 0.01 nmol-L"') from 30-180 min in SL-DIOL and reached 0.14 ± 0.02
nmol-L"' at 180 min. These data indicate that sublingual cyclodextrin androstenediol intake
increases serum androstenedione, free testosterone, total testosterone, and estradiol
concentrations.
Introduction
The intake of weak androgens is advertised to increase serum testosterone
concentrations. However, increasing serum testosterone concentrations through the ingestion
of weak androgens appears to be limited by hepatic catabolism of the ingested androgen.
While ~3% of serum androstenedione and -15% of androstenediol can be converted to
testosterone (5), as much as -89% of orally administered androstenedione may be
catabolized into glucuronides before it can enter the extrasplanchnic circulation, and -98% of
testosterone formed from orally infused androstenedione undergoes hepatic extraction (15).
Consistent with these findings, oral intake of 100-200 mg androstenedione (6,8,11,17,19,25)
or androstenediol (6,11) do not change serum testosterone concentrations in men. Therefore,
a mode of androgen delivery that bypasses first pass hepatic catabolism may enhance the
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conversion of a precursor steroid into testosterone and increase serum testosterone
concentrations in men.
Androstenediol can be reversibly converted to testosterone, androstenedione, and
dehydroepiandrosterone (DHEA) (5,16). In addition to androgenic interconversion, the
aromatization of these androgens produces the majority of serum estrogens in men (4,21).
The effect of androstenediol supplementation on serum estrogens in young men has not been
previously explored.
A cyclodextrin compound is a cyclic oligosaccharide formed from the enzymatic
degradation of starch, which forms an inclusion complex with steroid hormones facilitating
the passage of the steroid across the oral mucosa while the ingested cyclodextrin undergoes
digestion (10,28). The sublingual delivery of a hydroxypropyl-P-cyclodextrin compound
containing small doses of testosterone produces ~5 fold increases in serum testosterone
concentrations in men (24,26,28). Since the hormonal responses to sublingual cyclodextrin
androstenediol have not been previously examined, the purpose of this investigation was to
evaluate the acute serum hormonal response to sublingual cyclodextrin androstenediol in
young men.

Methods
Approach to the Problem
Although changes in serum hormones in men are observed within 2 hours after
ingesting a weak androgen, the lack of meaningful increases in serum testosterone
concentrations suggests a large hepatic catabolism of the weak androgens. Since sublingual
delivery avoids first pass clearance and cyclodextrins facilitate diffusion of an androgen
across the oral mucosa, the presence or lack of effectiveness of sublingual cyclodextrin
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androstenediol in increasing serum testosterone as well as other hormones should be evident
within 3 hours of intake.
Subjects
Eight males experienced in strength training (22.9 ± 1.2 y; 180.6 ± 2.0 cm; 83.0 ± 2.0
kg; 12.7 ± 1.7% body fat) volunteered to participate in this study. Subjects completed a
written medical history to eliminate persons with a known chronic disease, abuse of alcohol,
or illicit drugs. Subjects also completed a questionnaire regarding exercise history and use of
nutritional supplements. Prior to participation in this project, approved by the Iowa State
University human subjects review board, all subjects signed an informed consent.
Blood Sample Collections
Following an overnight fast, subjects reported to the laboratory between 5:30 and
7:00 a.m. After insertion of a flexible catheter into an antecubital vein, blood samples were
collected without stasis from sitting subjects 20 min before supplementation, immediately
prior to supplementation, and at 30-min intervals for 3 h after supplement administration.
Blood samples were allowed to clot in an ice bath until centrifugation and serum separation.
Dietary Control
Subjects were instructed to eat their normal diet and record dietary intake and
exercise for three days prior to the initial trial and repeat the same diet and exercise protocol
for the subsequent trial. Dietary records were analyzed using commercial software
(Nutritionist 4, N-Squared computing, San Bruno, CA).
Supplementation
Subjects were administered either placebo (rice flour; PL) or sublingual
hydroxypropyl-p-cyclodextrin androstenediol (SL-DIOL) in a randomly assigned, double
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blind, cross over manner separated by a period of at least 7 days. Supplements were
administered as an unmarked white capsule that was swallowed (PL) or an unmarked white
tablet that was placed under the tongue and allowed to completely dissolve (SL-DIOL).
Subjects and research assistants were informed that the purpose of the study was to evaluate
the effectiveness of either an ingested or sublingual supplement. The SL-DIOL (Cyclo-Diol,
Kaizen™ Inc, Los Angeles, CA) was analyzed for hormone content using HPLC (Integrated
Bio-molecule Inc., Tucson, AZ) and each tablet contained 21.4 mg androstenediol, 3.7 mg
androstenedione, and no other steroid hormones.
Body Composition
Hydrostatic weight was determined using a computer interfaced load cell. After
estimation of residual volume from the measurement of maximal voluntary lung capacity
(13) using a computerized spirometer (PC Flow+ for Windows, Spirometries Medical
Equipment Co., Grey, ME) percent body fat was calculated using the Siri equation (27).
Hormonal Analysis
Serum concentrations of total and free testosterone, androstenedione, and estradiol
were measured in duplicate via commercial tracer analog radioimmunoassay (RIA; Coat-ACount, Diagnostic Products Corp, Los Angeles, CA). When the serum hormone
concentrations exceeded the highest calibrator value provided with the RIA kit, the sample
was reanalyzed according to the manufacturers instructions by diluting the sample with
reagent containing no hormone. The accuracy of the RIA kits was verified by analyzing
samples of known hormone concentrations. The intra assay coefficients of variation for total
testosterone, free testosterone, androstenedione, and estradiol were 5.9%, 5.8%, 5.2% and
6.1%, respectively. No data on the cross reactivity of androstenediol with the other steroid
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hormone assays are available. According to the manufacturer of the RIA kits, cross
reactivity is less than 0.5%, except for a 1.49% cross reactivity of the androstenedione assay
for testosterone.
Calculations and Statistics
Data were analyzed using commercial software (SPSS Inc, Chicago IL). Statistical
analyses were performed using a 2 factor (supplement by time) repeated measures analysis of
variance (ANOVA). Specific mean differences were analyzed with a student Newman-Keuls
post hoc test. Data are presented throughout the text as means ± SE. Percent changes in
hormones were calculated as the mean increase above baseline during the 3 h after
supplement intake. Area under the curve (AUC) was calculated using the trapezoidal model.
Peak hormone concentrations were defined as the numerically highest concentrations reached
for each subject during the time course of the study.

Results
Subjects
All subjects were students at Iowa State University and reported participation in a full
body resistance-training program for 6.0 ± 1.1 years. Subjects participated in resistance
training 3.6 ± 0.5 days per week for 1.6 ± 0.2 h per exercise session. Five subjects reported
regular participation in aerobic exercise 3.0 ± 0.5 days per weeks for 20 ± 3.2 min per
session. Although no subjects reported participation in competitive weight lifting or
bodybuilding, one subject was a collegiate track athlete. None of the subjects reported any
current or previous use of anabolic steroids, only 2 subjects reported previous use of
nutritional supplements (creatine n=2, "weight gain powder" n=l) and no subject consumed
any supplements during the 9 months prior to study.
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Supplementation. Dissolution of SL-DIOL required 12.4 ± 1.4 min after the tablet was
placed sublingually.
Dietary Intake
Subjects reported a mean daily energy intake of 8,770 ± 904 Kj-d"' for three d prior to
the initial trial, and repeated the same diet for the subsequent trial. Daily dietary intake was
161 ± 60 g-d"' (26 ± 6%) protein, 268 ± 49 g-d"1 (46 ± 6%) carbohydrate, and 68 ± 9 g-d"' (37
± 3%) fat.
Hormonal Response
Serum hormone concentrations did not change in PL. Serum androstenedione
concentrations were increased from 60 - 180 min in SL-DIOL (Figure 1; P<0.05) while peak
concentrations of 24.3 ± 1.5 nmol-L"1 were observed 150 min after administration. The AUG
for serum androstenedione concentrations was higher (P<0.05) in SL-DIOL (1,604.9 ± 136.3
nmol/Lmin) compared with PL (96.0 ± 50.0 nmol/Lmin).
SL-DIOL increased serum free testosterone concentrations (Figure 2; P<0.05) from 30 - 180
min after administration while peak concentrations (175.4 ± 2.2 pmol-L"1) were observed 60
min after supplementation. The AUG for serum free testosterone concentrations was higher
(P<0.05) in SL-DIOL (11,137 ± 1,573 pmol/L-min) compared with PL (750 ±218
pmol/L-min). Serum free testosterone concentrations increased in all subjects in response to
SL-DIOL.
SL-DIOL intake increased serum total testosterone concentrations (P<0.05; Figure 3)
above basal (25.6 ± 2.3 nmol-L"') from 30-180 min and peak serum total testosterone
concentrations were observed at 60 min (47.9 ± 2.9 nmol-L"'). The AUG for total
testosterone was higher (P<0.05) in SL-DIOL (2,673 ± 577 nmol/Lmin) compared with PL
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(204 ± 108 nmol/L min). Serum total testosterone concentrations were elevated in all
subjects after SL-DIOL intake. The calculated effect size for the comparison of basal total
testosterone concentrations to those observed at 60 min was large (0.89), emphasizing the
effect of SL-DIOL intake on serum total testosterone concentrations.
Serum estradiol concentrations were increased above basal (0.08 ± 0.01 nmol-L"1) 30
- 180 min after administration in SL-DIOL (P<0.05; Figure 4) and reached 0.14 ± 0.02
nmol-L"1 180 min after SL-DIOL administration. The AUC for serum estradiol
concentrations was greater (P<0.05) for SL-DIOL (5.26 ± 0.86 nmol/L-min) compared with
PL (1.12 ± 0.44 nmol/Lmin).

Discussion
The main finding of this study is that -20 mg cyclodextrin androstenediol taken
sublingually increases serum testosterone and estradiol concentrations in healthy young men.
Since a single 200 mg dose of androstenediol taken orally does not change serum free or total
testosterone concentrations in young men (11), the current findings suggest that sublingual
cyclodextrin is superior to oral ingestion for the delivery of androstenediol to the peripheral
tissues and subsequent conversion to testosterone.
SL-DIOL contained both androstenediol (21.4 mg/tablet) and androstenedione (3.7
mg/tablet). Since both androstenedione and androstenediol can be converted to testosterone
(5,14,16) it is possible that the increases in serum testosterone were at least partially due to
the conversion of androstenedione, and not androstenediol, to testosterone. However, serum
testosterone concentrations were elevated at 30 min after intake, while serum
androstenedione concentrations were not elevated until 60 min after intake. Furthermore, we
have observed that increases in the serum androstenedione concentration of a magnitude
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greater than that observed in the present study do not increase serum testosterone
concentrations (8,17). Therefore, the increased testosterone concentrations are likely due
solely to the androstenediol contained in SL-DIOL.
Sublingual cyclodextrin testosterone intake results in peak serum testosterone
concentrations 20-30 min after intake (26,28), while SL-DIOL results in peak serum
testosterone concentrations ~ 60 min after intake. In hypogonadal men, 2.5-10 mg
cyclodextrin testosterone administered sublingually causes serum testosterone concentrations
to reach supranormal levels (-35-85 nmol-L"1) within 60-90 min. Serum testosterone
concentrations in these men return rapidly to values below the normal range within 3 h, and
return to baseline concentrations by 6 h with a half-time of < 2 h (24,26,28), suggesting that
effective therapy with sublingual cyclodextrin testosterone would require administration
every 2 h (28). Since serum testosterone concentrations after SL-DIOL intake remained 40% above baseline at 180 min it is unknown how long serum testosterone concentrations
remain elevated after cyclodextrin androstenediol intake in eugonadal men. However,
allowing for the 30-40 min delay in the testosterone response following SL-DIOL, the
change in serum testosterone concentrations is similar to the pattern exhibited after
sublingual cyclodextrin testosterone intake (24,26,28). Therefore, it is likely that sustained
increases in serum testosterone with sublingual cyclodextrin androstenediol would also
require frequent dosing.
Androstenediol intake is advertised to enhance muscle mass and strength gains during
resistance training. However, chronic ingestion of androstenediol does not enhance the
adaptations to resistance training in men (6). In contrast to oral androstenediol ingestion
(6,11), SL-DIOL increased serum testosterone concentrations. It is currently unknown if a
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transient increase in serum testosterone of the magnitude elicited by SL-DIOL intake alters
muscle mass or strength.
The tracer analog method for measuring free testosterone has been criticized recently
based on findings of a positive relationship between SHBG and measured free testosterone
concentrations (30). In addition it has been stated that this method detects a constant fraction
of the total testosterone concentrations, rather than the testosterone that is free from binding
proteins (30). However, others have concluded that the tracer analog method accurately
measures free testosterone concentrations (18,23). The finding that both free and total
testosterone concentrations are significantly increased after SL-DIOL intake suggests that
androstenediol taken sublingually is converted to testosterone.
As previously observed with sublingual cyclodextrin testosterone intake (26,28),
sublingual cyclodextrin androstenediol increases serum estradiol concentrations, suggesting
that a significant portion of the increased serum testosterone and/or exogenous androgen
underwent aromatization (20). Oral ingestion of androstenedione or androstenediol increases
serum estrogens but not serum testosterone concentrations (6,7,8,17,19,25) indicating
aromatization of the weak androgen. In the present study it was not possible to determine
whether the elevated serum estradiol concentrations result from the exogenous
androstenediol, or from the serum testosterone formed from the androstenediol, or both.
Based upon the findings with ingested androstenedione (6,7,8,17,19,25), and sublingual
cyclodextrin testosterone (26,28), the increased serum estradiol concentrations associated
with SL-DIOL are likely to remain elevated for a longer period of time than will testosterone.
Furthermore, we have recently observed that the increases in serum estrogens with chronic
androstenediol intake are larger than the increases in serum testosterone (unpublished
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observations). These findings may be clinically significant, since elevated estradiol
concentrations are associated with benign prostate hypertrophy (15) and gynecomastia (4).
In contrast to the high individual variability in the hormonal response to
androstenedione ingestion (19), all of the subjects exhibited similar increases in serum
testosterone, androstenedione, and estradiol concentrations in response to SL-DIOL intake.
Salehian et al. (26) observed that the hormonal response to sublingual cyclodextrin
testosterone was not different between the first dose and subsequent doses during a 60 d
treatment regimen, indicating that there is no change in the absorption of a sublingually
administered androgen with prolonged use. In contrast, there is a reduction in the hormonal
response to prolonged ingestion of androstenedione (6,8,17) and DHEA (9,22) suggesting
either reduced entry into or enhanced clearance of the androgen from the circulation, or an
alteration in the enzymatic transformation of weak androgens into other hormones in
response to prolonged intake. Thus, although it appears that a single dose of SL-DIOL
produces a uniform hormonal response in young strength trained men; the hormonal response
to prolonged use of SL-DIOL is unknown.
Chronic oral intake of androstenediol lowers serum high-density lipoprotein
cholesterol concentrations (6, unpublished observations). Chronic androstenediol intake also
elevates serum dihydrotestosterone concentrations (unpublished observations), which
combined with elevated estradiol concentrations may also contribute to benign prostate
hypertrophy (29). Increased serum concentrations of androstenedione have been associated
with pancreatic cancer in men (12). The effects of a transient increase in serum testosterone
concentrations have not been evaluated. While low endogenous testosterone concentrations
may be related to diabetes and hypertension (2,3), increased serum testosterone
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concentrations may cause a deterioration of the blood lipid profile (1). These findings raise
the possibility that more long-term use of sublingual androstenediol may pose significant
health risks.
In conclusion, the use of a sublingual cyclodextrin androstenediol nutritional
supplement causes rapid, and transient increases in serum testosterone concentrations.
Sublingual cyclodextrin androstenediol also causes increases in serum estradiol and
androstenedione concentrations. The effects of the altered hormonal milieu observed after
sublingual cyclodextrin androstenediol intake on health or the adaptations to resistance
training are not known.
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CHAPTER 7. CONCLUSIONS
The current findings indicate that there is an age difference in the serum testosterone
response to testosterone precursor intake. In young men (23 y), ingesting 100 mg
androstenedione t.i.d. does not alter serum testosterone concentrations, while in 30-60 year
old men the same dosage of testosterone precursor causes an -40% chronic increase in serum
free testosterone. Since these older men had lower free and total testosterone concentrations
than the previously investigated young men, it would appear that basal endogenous
testosterone concentrations do alter the testosterone response to testosterone precursor intake.
However, the physiologic significance of this moderate increase in free testosterone is
unknown.
The findings of this project also demonstrate that there is no difference in the
hormonal response to androstenedione, androstenedione plus DHEA, or androstenediol
intake. Taking these data along with previous results, indicate that in normal 20-60 year old
men, DHEA intake does not enhance serum testosterone or alter serum estrogen
concentrations. In contrast to advertised claims, orally ingested androstenediol does not
increase serum testosterone concentrations more effectively than androstenedione.
The current project also demonstrates that ingesting androstenedione or
androstenediol increases serum estrogen and DHT concentrations. The increase in serum
estradiol and DHT concentrations (-85 and 70%, respectively) associated with testosterone
precursor intake in the present studies are close to the level used to experimentally induce
BPH in dogs over a course of 9 weeks (-108 and 105%, for estradiol and DHT respectively),
suggesting that prolonged use of testosterone precursors may cause untoward health
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consequences. The serum testosterone, estradiol, and DHT response to androstenedione or
androstenediol intake is not altered by the addition of saw palmetto, yLA, chrysin, I3C, or
TT. These findings are in agreement with previous findings in young men.
Finally, the current data indicate that sublingual administration of smaller doses of
androstenediol and androstenedione effectively bypasses digestive and hepatic catabolism,
delivering the testosterone precursor to peripheral tissue where it can be converted into
testosterone. This mode of delivery would appear to have more promise for testosterone
enhancement than does an ingested product.

Future Directions
Although the current project answers some questions regarding the age related
response to testosterone precursor intake, there are a great many questions that still need to
be addressed. Future research in this area should evaluate the effects of higher doses of
testosterone precursor intake since it is widely believed that athletes are taking much greater
doses than have been currently studied. Therefore, future investigations should examine both
the acute and long-term hormonal and physiologic responses to ingesting large doses (> 300
mg/day) of testosterone precursors.
It was observed that testosterone precursor intake causes changes in the hormonal and
cholesterol milieu that may impair health. However, the long-term consequences of these
changes are unknown. It is also unknown if these changes are reversed after cessation of
testosterone precursor intake. Therefore, a fertile area for future research is in the area of the
health consequences of long-term testosterone precursor intake.
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Finally, since sublingual administration of 20 mg androstenediol acutely increases
serum testosterone concentrations, it would be of interest to evaluate the time course for
these changes, and the effects of long-term use of sublingual testosterone precursor.
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