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INTRODUCTION

Pulsatile secretion of a hormone refers to the intermittent secretion of the hormone in a burst-
like or episodic manner rather than constantly, with the frequency varying from minutes to
hours, determined in part by the half-life of the hormone. In men, communication between the
hypothalamus, anterior pituitary, and testes via the hypothalamic-pituitary-gonadal (HPG) axis
regulates testosterone (T) secretion, with a negative feedback mechanism controlling circulating
levels of T (1). Pulsatile release of gonadotropin-releasing hormone (GnRH) from hypothalamic
neurons signals the pulsatile secretion of luteinizing hormone (LH) from the pituitary. Circulating
LH, in turn, signals the testes to produce T. Once the appropriate threshold of circulating T levels
is achieved, T acts as a negative feedback molecule, signaling to the hypothalamus and pituitary
to inhibit secretion of GnRH and LH, respectively (2). T levels in a healthy male follow a diurnal
variation and circadian rhythm, with levels highest early in the morning and subsequently declining
as the day progresses, as a direct result of pulsatile LH secretion (3).

T deficiency (TD) is a condition in which insufficient T levels are attained with one or more
symptoms such as fatigue or low energy, depression, low libido, erectile dysfunction, and/or poor
concentration (4). The Endocrine Society recently published treatment guidelines for men with
symptomatic TD, which recommend a treatment goal of achieving steady-state serum total T
concentrations in the mid-normal range (5). A sustained steady-state level of T, however, differs
from the normal circadian physiology of a healthy individual. The most common hormone
treatment for male hypogonadism is an intramuscular (IM) injectable generic testosterone
cypionate/enanthate (72.8%), with other therapies including topical gel (25%), transdermal patch
(1.2%), long-acting IM injections of testosterone undecanoate (0.18%), and nasal testosterone
(0.13%) (6).

TESTOSTERONE PHARMACOKINETICS

The various testosterone formulations have a wide range of dosing intervals including long-acting
preparations: subcutaneous pellets (3 to 6 months), injectable IM testosterone undecanoate (10
weeks); intermediate-acting preparations: IM testosterone cypionate/enanthate (1 to 3 weeks); daily
preparations: topical/transdermal formulations; and short-acting preparations: oral testosterone
undecanoate (twice daily) and nasal testosterone (two to three times daily). All formulations, with
the exception of the short-acting ones, have a target of long-term maintenance of sustained steady
state testosterone levels in the mid-normal range, which leads to suppression of endogenous activity
of the HPG axis.
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As previously noted, testosterone levels in young healthy
males follow a circadian rhythm. T levels are highest in the
morning, and lower in the evening hours. There is significant
change within a 24-h period. Testosterone itself acts as a negative
feedback molecule to the hypothalamus and anterior pituitary.
When T levels are high enough, they signal to reduce GnRH,
LH, and FSH secretion, thereby also reducing endogenous
testosterone production. This occurs regardless of whether the
circulating testosterone is endogenous or exogenous. If high
levels of testosterone are given exogenously for extended periods
of time, this can result in negative feedback to the hypothalamus
and anterior pituitary, disrupting normal HPG regulation.

A pharmacokinetic study evaluating serum T levels of subjects
receiving IM testosterone cypionate administration revealed
supraphysiologic T levels (~1100 ng/dL) within 2-3 days after
injection, whereas toward the end of the dosing interval, T levels
approached subtherapeutic levels (7). Topical gel formulations
achieve a sustained mid-normal T level with a once daily
application (8). While the topical gel results in less fluctuation
of T levels between dosing intervals when compared to IM T, the
sustained T levels result in inhibition of HPG axis activity (9).
The inhibition of HPG axis activity is evidenced by the nearly
full suppression of gonadotropin levels following treatment
with either IM injectable testosterone (10) or topical gel
administration (9). Nasal administration of T (4.5% testosterone
nasal gel, Natesto) allows for rapid absorption through the nasal
mucosa such that serum T levels reach a peak concentration in
~40 min. Once in the circulation, the T is quickly metabolized,
with a return to near baseline T levels in 3-6h (11). Therefore,
multiple administrations of nasal T throughout the day (three
times daily) maintain normal mean serum T levels over 24 h.
The fluctuations in T levels potentially minimize the duration
of exposure to exogenous T that is suppressive to the HPG axis,
compared to other available T therapies.

TESTOSTERONE, HPG AXIS, AND
GONADOTROPINS

When discussing T therapy with patients, fertility, and family
planning are important considerations, because treatment
with injectable and topical T products increases the risk of
oligo- or azoospermia and infertility (12). Treatment with
exogenous T that maintains serum T levels in the mid-
normal range suppresses the pituitary gonadotropins, LH and
follicle-stimulating hormone (FSH), to nearly undetectable levels,
resulting in impaired sperm production (10).

Data from the Phase 3 clinical study for nasal testosterone
showed minimal reduction in mean LH and FSH levels while
restoring normal T levels in hypogonadal men (13). Studies in
mice support the hypothesis that longer-acting T has a more
suppressive impact on fertility when compared to short-acting
T (14). A recent Phase 4 clinical study reported that nasal
T restored normal T levels in hypogonadal men, improved
hypogonadal symptoms, preserved serum LH and FSH levels,
and also preserved mean semen parameters, including sperm
concentration, sperm motility, and total motile sperm count

(TMSC) in 90-95% of men (15). With weekly injections of
testosterone enanthate, ~65% of men became azoospermic after
6 months of therapy (12). However, after 6 months of nasal T
treatment, semen parameters remained statistically unchanged
from baseline. It appears that the pharmacokinetics and short-
acting nature of the nasal T preparation results in minimal
suppression of the HPG axis, compared to longer-acting forms
of T. Treatment with an FDA approved short-acting testosterone
has the potential to treat hypogonadal symptoms while better
preserving fertility compared to currently available longer-
acting modalities.

SIDE EFFECTS WITH TESTOSTERONE
THERAPIES

Some, but not all, side effects from testosterone therapy (TTh)
include reduced sperm production or azoospermia as described
above, polycythemia, and inhibition of the HPG axis. Prolonged
exogenous T administration using injections, pellets, and topical
gels result in varying degrees of these common side effects.
On average, long-term topical gel TTh leads to an increase in
hematocrit of 1-2%. Injectable TTh leads to an average increase
in hematocrit of 2-4% (16). In contrast, after one year of
therapy with nasal TTh, there was no significant increase in
hematocrit (17).

WARNINGS AND PRECAUTIONS WITH
TESTOSTERONE THERAPIES

In addition to the commonly reported side effects with TTh,
there are a number of FDA mandated black box warnings
associated with T formulations. Long-acting IM testosterone
undecanoate requires an in-office visit due to its warning
for serious pulmonary oil microembolism (POME) reactions
and anaphylaxis (18). Topical T gel formulations come with
a black box warning for risk of transference and secondary
exposure to T (8). Two recently approved formulations—a
subcutaneous auto-injection of testosterone enanthate (19), and
oral testosterone undecanoate capsules (20)—come with a black
box warning for blood pressure increases. The short-acting nasal
testosterone gel has no black box warnings, including no risk
of secondary transference or increase in blood pressure (21).
Nevertheless, what is needed is a head-to-head study comparing
outcomes (T levels, blood pressure, hematocrit) among the
different formulations in order to answer the question of safety
and efficacy.

FINAL THOUGHTS

Endocrine systems are regulated dynamically in response to
positive or negative stimuli within a homeostatic environment.
Modalities of T therapy evolved to extend the dosing interval
and maintain sustained “steady-state” T levels. Long-acting TTh
can inhibit the HPG axis, which in turn suppresses pituitary
LH and FSH secretion, reducing circulating levels of LH and
FSH and endogenous T production (Figure 1). These endocrine
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FIGURE 1 | Percent change in mean gonadotropin levels (LH & FSH), from baseline through 6 months of testosterone treatment. Nasal testosterone (blue), dosed
t.i.d., adapted from (15), n = 33. Topical testosterone (orange), dosed daily, adapted from (9), n = 1283. IM injectable - 100 mg testosterone enanthate, (red), adapted
from (10), n = 10. All changes from baseline were statistically significant. Nasal testosterone—FSH p = 0.083, all others p < 0.001. Standard error calculated using

3x daily Nasal Daily Topical Gel
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changes result in suppression of spermatogenesis and infertility,
as well as having other side effects. The detrimental impact on
sperm production from these long-acting testosterone therapies
led to the use of many off-label products. The use of clomiphene
citrate to stimulate gonadotropin production and subsequently
increase testosterone levels is used to treat hypogonadism, while
also trying to preserve fertility.

Short-acting T therapy, consisting of several doses of T with
a shorter half-life throughout the day, minimizes inhibition of
the HPG axis and reduces the impairment of spermatogenesis.
Utilizing FDA approved, shorter acting forms of T therapy
to maintain homeostasis that more closely reflects normal
physiology offers great promise for the treatment of men with
hypogonadism—an advantage over long-acting formulations.
This therapy would allow use of FDA approved testosterone
supplementation exogenously as opposed to using oft-label
treatment strategies, while also preserving what fertility the
treated subject has. Support of this hypothesis is needed
from additional, longer duration studies utilizing short-acting
testosterone. However, it is encouraging that studies performed
to date tend to support the hypothesis. The literature is
well established that long-acting testosterone results in HPG

REFERENCES

1. Vadakkadath Meethal S, Atwood CS. The role of hypothalamic-pituitary-
gonadal hormones in the normal structure and functioning of the brain. Cell
Mol Life Sci. (2005) 62:257-70. doi: 10.1007/s00018-004-4381-3

suppression and resulting changes in physiology. Short-acting
T therapy may be paradigm-changing for the treatment of
T deficiency.

AUTHOR CONTRIBUTIONS

GW wrote the initial draft which was revised, edited, and
expanded by UK, DL, and RR. All authors contributed to the
article and approved the submitted version.

FUNDING

This work was supported by grant R37 HD019938 (to UK)
from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development. DL was supported in part
by 1R01DKO078121 from the National Institute of Kidney and
Digestive Diseases and grant 1U54HD100549-01 (T.Levin),
1R01HDO095341 (T.Garcia), and 5P01HD087157 (M.M.Matzuk)
from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development of the National Institutes of
Health. DL was also supported in part by the Frederick J. and
Theresa Dow Wallace Fund of the New York Community Trust.

2. Veldhuis JD, Keenan DM, Liu PY, Iranmanesh A, Takahashi PY, Nehra AX.
The aging male hypothalamic-pituitary-gonadal axis: pulsatility and feedback.
Mol Cell Endocrinol. (2009) 299:14-22. doi: 10.1016/j.mce.2008.09.005

3. Winters SJ. Diurnal rhythm of testosterone and luteinizing hormone in
hypogonadal men. Andrology. (1991) 12:185-190.

Frontiers in Endocrinology | www.frontiersin.org

September 2020 | Volume 11 | Article 572465


https://doi.org/10.1007/s00018-004-4381-3
https://doi.org/10.1016/j.mce.2008.09.005
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

Westfield et al.

Short-Acting Testosterone: More Physiologic?

10.

11.

12.

13.

14.

. Basaria  S.

Male  hypogonadism.  Lancet.  (2014)  383:1250-

63. doi: 10.1016/S0140-6736(13)61126-5

. Bhasin S, Brito JP, Cunningham GR, Hayes FJ, Hodis HN, Matsumoto

AM, et al. Testosterone therapy in men with hypogonadism: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab. (2018) 103:1715-
44. doi: 10.1210/jc.2018-00229

. IQVIA. SMART - US Edition, Integrated Monthly Data, Calendar Year. (2019).
. Nankin HR. Hormone kinetics after intramuscular testosterone cypionate.

Fertil Steril. (1987) 47:1004-9. doi: 10.1016/S0015-0282(16)59237-1

. Androgel 1.62% (testosterone) [package insert]. North Chicago, IL: AbbVie

Inc (2016).

. Wang C, Cunningham G, Dobs A, Iranmanesh A, Matsumoto AM, Snyder

PJ, et al. Long-term testosterone gel (androgel) treatment maintains beneficial
effects on sexual function and mood, lean and fat mass, and bone
mineral density in hypogonadal men. J Clin Endo Meta. (2004) 89:2085-
98. doi: 10.1210/jc.2003-032006

Amory JK, Anawalt BD, Bremner W], AM. Daily
testosterone and gonadotropin levels are azoospermic
and nonazoospermic normal men administered weekly testosterone:
(2001)

Matsumoto
similar in

implications for male contraceptive development. ] Androl.
22:1053-60. doi: 10.1002/j.1939-4640.2001.tb03445.x

Rogol AD, Tkachenko N, Bryson N. Natesto™™, a novel testosterone nasal
gel, normalizes androgen levels in hypogonadal men. Andrology. (2016)
4:46-54. doi: 10.1111/andr.12137

World Health Organization. Task Force on methods for the regulation of male
fertility. Lancet. (1990) 336:955-9.

Conners W, Morgentaler A, Guidry M, Westfield G, Bryson N, Goldstein
L. Preservation of Normal Concentrations of Pituitary Gonadotropins Despite
Achievement of Normal Serum Testosterone Levels in Hypogonadal Men treated
with 4.5% Nasal Testosterone Gel. Podium Presentation. American Urological
Association National Meeting. (2017). doi: 10.1016/j.juro.2017.02.2804

Chu KY, Kulandavelu S, Masterson TA, Ibrahim E, Arora H, Ramasamy R.
Short-acting testosterone appears to have lesser effect on male reproductive
potential compared to long-acting testosterone in mice. F C Sci. (2020)
1:46-52. doi: 10.1016/j.xfss.2020.03.002

15. Ramasamy R, Masterson TA, Best JC, Bitran ], Ibrahim E, Molina M,
et al. Effect of natesto on reproductive hormones, semen parameters and
hypogonadal symptoms: a single center, open label, single arm trial. J Urol.
(2020) 204:557-63. doi: 10.1097/JU.0000000000001078

16. Pastuszak AW, Gomez LP, Scovell JM, Khera M, Lamb DJ, Lipshultz LI
Comparison of the effects of testosterone gels, injections, and pellets on
serum hormones, erythrocytosis, lipids, and prostate-specific antigen. Sex
Med. (2015) 3:165-73. doi: 10.1002/sm2.76

17. Guidry M, Westfield G, Rogol A, Bryson N. One-year hematologic safety of
natesto (testosterone) nasal gel in men with hypogonadism. J Sex Med. (2018)
15:576-7. doi: 10.1016/j.jsxm.2017.11.184

18. Aveed (Testosterone Undecanoate) Injection [package insert]. Malvern, PA:
Endo Pharmaceuticals (2019).

19. XYOSTED (Testosterone Enanthate) Injection, for Subcutaneous Use [package
insert]. Ewing, NJ: Antares Pharma, Inc (2018).

20. JATENZO (Testosterone Undecanoate) Capsules, For Oral Use [package insert].
Northbrook, IL: Clarus Therapeutics, Inc (2019).

21. Natesto (testosterone) [package insert]. Englewood, CO: Aytu BioScience
Inc. (2019).

Conflict of Interest: GW is an employee of Aytu BioScience Inc., UK and RR are
consultants for Aytu BioScience Inc. DL serves on the scientific advisory board
of Celmatix, with no financial compensation and is Secretary-Treasurer of the
American Board of Bioanalysts.

The reviewer JS declared a past collaboration with one of the authors DL to
the handling editor.

Copyright © 2020 Westfield, Kaiser, Lamb and Ramasamy. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Endocrinology | www.frontiersin.org

September 2020 | Volume 11 | Article 572465


https://doi.org/10.1016/S0140-6736(13)61126-5
https://doi.org/10.1210/jc.2018-00229
https://doi.org/10.1016/S0015-0282(16)59237-1
https://doi.org/10.1210/jc.2003-032006
https://doi.org/10.1002/j.1939-4640.2001.tb03445.x
https://doi.org/10.1111/andr.12137
https://doi.org/10.1016/j.juro.2017.02.2804
https://doi.org/10.1016/j.xfss.2020.03.002
https://doi.org/10.1097/JU.0000000000001078
https://doi.org/10.1002/sm2.76
https://doi.org/10.1016/j.jsxm.2017.11.184
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Short-Acting Testosterone: More Physiologic?
	Introduction
	Testosterone Pharmacokinetics
	Testosterone, HPG Axis, and Gonadotropins
	Side Effects with Testosterone Therapies
	Warnings and Precautions with Testosterone Therapies
	Final Thoughts
	Author Contributions
	Funding
	References


