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ABSTRACT

Background and Aim: Testosterone is a key steroid hormone essential to numerous physiological processes,
including male reproductive function and metabolism. While testosterone replacement therapy (TRT) is
medically justified in clinically confirmed hypogonadism, an increasing number of over-the-counter (OTC)
testosterone products are now marketed with minimal regulation or scientific support. This trend raises
concerns regarding potential misuse and unrecognized dermatological risks. Consequently, this study was
designed to investigate the safety and potential cutaneous side effects of uncontrolled topical testosterone
application, focusing on histopathological skin changes using a rat model. Materials and Methods: A total of
14 adult male Sprague-Dawley rats, uniform in age and weight, were allocated to a post-test control group
design. A defined area on the dorsal skin of each rat was shaved, with the upper half receiving topical
testosterone while the lower half served as an untreated control. The animals were then divided into a
treatment group (n=7) and a control group (n=7). Results: Topical testosterone resulted in notable
pilosebaceous unit hyperplasia, evidenced by increased sebaceous gland size and hair follicle density.
Histopathological evaluation revealed dilated hair follicles filled with keratinous material as a hallmark of
comedone formation in acne vulgaris pathogenesis. Conclusion: These findings demonstrate that topical
testosterone induces specific proliferative and keratinization-related changes in the skin. The resemblance to
early acne lesions suggests a tangible dermatologic risk associated with Over-The-Counter (OTC) testosterone
use, supporting the need for stricter safety assessments and regulatory oversight.
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1.INTRODUCTION

Testosterone, a vital steroid hormone, plays an
essential role in various physiological functions,
including the development of secondary sexual
characteristics and the maintenance of muscle mass.
Clinically, testosterone replacement therapy (TRT)
is indicated solely for individuals diagnosed with
testosterone deficiency (hypogonadism). However,
the global market is increasingly saturated with
over-the-counter (OTC) testosterone products,
often promoted with unsubstantiated scientific
claims. This rapidly growing trend, driven by the
desire to enhance vitality and performance, raises
considerable safety concerns due to potential
adverse effects. As the primary androgen,
testosterone is recognized for its significant
influence on the formation and maintenance of
various skin features, including regulation of
sebaceous gland activity, hair follicle development,
and overall skin texture and thickness. These
findings underscore the ability of androgen

hormones, such as testosterone, to modulate the
visual and functional properties of the skin.
Therefore, understanding the visible impacts of
testosterone on the outer skin layer is essential to
elucidate its broader implications in dermatology.
This study aims to investigate and assess the visible
changes occurring on the skin surface of rats
following testosterone application.

Sebaceous glands, integral components of the
pilosebaceous unit, are responsible for producing
and secreting sebum a lipid-rich substance that
lubricates the skin and hair, contributing to barrier
function and hydration [1]. Testosterone is a
primary regulator of sebocyte differentiation and
sebum production, with increased androgen levels
often correlating with enhanced sebaceous gland
activity [2]. Furthermore, keratinocytes, the
predominant cell type in the epidermis, undergo
continuous proliferation and differentiation,
forming the protective outer layer of the skin.
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Androgens, including testosterone, have been
shown to influence keratinocyte proliferation rates
and their differentiation pathways, thereby
affecting epidermal thickness and texture [3], [4].
Given the well-established role of androgens in
normal skin physiology, it is not surprising that
these hormones are also critically implicated in the
pathogenesis of several common dermatological
conditions [4]. Acne vulgaris, a prevalent
inflammatory skin disease affecting pilosebaceous
follicles, is strongly associated with increased
androgen levels, leading to enhanced sebum
production, follicular hyperkeratinization, and
subsequent inflammation[5]. Similarly, seborrheic
dermatitis, a chronic inflammatory condition
characterized by scaly, erythematous patches, has
also been linked to altered sebum composition and
androgenic influence [6]. Among these hormonal
regulators, androgens, a class of steroid hormones
characterized by their masculinizing effects, play a
significant role in the development and
maintenance of various skin characteristics [7].
Testosterone, as a principal androgen, is
particularly notable for its profound impact on skin
biology, influencing sebaceous gland activity,
keratinocyte proliferation and differentiation, and
the structural integrity of the skin [8],[4]. Studies in
various animal models have also demonstrated an
association between testosterone levels and
observable changes in skin characteristics. For
instance, research on male brown bears has shown
that seasonal increases in testosterone levels
coincide with enlarged sebaceous glands and
heightened oily secretions on the dorsal skin [9].

The skin, the largest organ of the body, serves as a
vital interface with the external environment,
providing protection, regulating temperature, and
mediating sensory perception [10], [11]. Its
structure and function are intricately regulated by a
complex interplay of hormones, growth factors, and
cellular signaling pathways [12] including
androgens like  testosterone. Testosterone
significantly influences skin biology, notably
impacting  sebaceous gland activity and
keratinocyte proliferation. This well-established
role of androgens in normal skin physiology is
further underscored by their critical implication in
the pathogenesis of common dermatological
conditions such as acne vulgaris, where increased
androgen levels correlate with enhanced sebum
production and follicular hyperkeratinization. The
striking lack of adequate regulation and accurate
information regarding the risks associated with
non-medical  testosterone use  necessitates
comprehensive research. Given the complex
systemic and specific dermatological effects of
testosterone, and the potential negative
consequences of its uncontrolled use, an in-depth
investigation into the safety of OTC topical
testosterone is critically important. This study
specifically focuses on topical testosterone,
increasingly popular in gel or cream formulations,
to elucidate its safety profile, toxicity, and potential
side effects arising from uncontrolled application.
Using a rat model, our investigation aims to assess

dose-response relationships, identify skin irritation
and allergic reactions, and evaluate precise
histopathological and biochemical changes within
the pilosebaceous unit, thereby shedding light on its
specific dermatological impact.

2. RESEARCH METHOD

This study utilized 14 adult male Sprague-Dawley
rats of comparable age and weight. A post-test
control group experimental design was employed to
investigate the effects of topical testosterone
application on rat skin. Following the creation of a
shaved square area on the dorsal skin of eachrat, the
superior portion received topical testosterone,
while the inferior portion remained untreated. The
rats were randomly assigned to either a control
group (n=7) that did not receive testosterone or a
treatment group (n=7) that received topical
testosterone.

3. RESULTS AND DISCUSSION

Results

Following the creation of a shaved square area on
the dorsal skin of each rat, the superior portion was
treated with topical testosterone, while the inferior
portion remained untreated as a control. On day 0,
both areas appeared macroscopically normal, with a
uniform skin surface lacking evidence of thickening,
discoloration, or lesions. Hair regrowth was evenly
distributed across both regions, and no differences
were observed between the testosterone-treated
and untreated areas. By day 7, the superior dorsal
area exposed to topical testosterone demonstrated
significant macroscopic changes. The treated skin
exhibited marked thickening and erythema,
accompanied by noticeably denser and thicker hair
regrowth, suggesting androgenic stimulation of the
pilosebaceous unit. In contrast, the inferior
untreated control area maintained a normal
appearance, with an even skin surface, absence of
erythema, and uniform hair distribution. These
macroscopic differences highlight the specific
effects of topical testosterone on cutaneous
morphology. Testosterone-treated  specimens
displayed hypertrophy of sebaceous glands and
pronounced hyperplasia of pilosebaceous units,
indicative of androgen-mediated stimulation of
sebocyte and keratinocyte proliferation. Epidermal
analysis revealed acanthosis with increased
keratinocyte  activity, @ while the dermis
demonstrated thickening and enhanced collagen
deposition, likely reflecting fibroblast activation and
extracellular matrix remodeling. Hair follicles
exhibited dilation and distension with keratinous
material, mirroring early comedo formation
observed in acne vulgaris. These structural changes
suggest that exogenous testosterone induces a
hyperproliferative and keratinizing environment
conducive to acne pathogenesis. In stark contrast,
control specimens without testosterone treatment
maintained normal histoarchitecture.  The
sebaceous glands were small and sparse, hair
follicles were limited in number and size, and the
dermal connective tissue appeared loose and
unremarkable.
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Epidermal thickness remained consistent, with no
evidence of acanthosis or keratin plugging. This
stark dichotomy underscores the specific effects of
testosterone on cutaneous structure and function.
Collectively, these findings highlight the profound
impact of topical testosterone application on the
skin, eliciting marked morphological and
histological alterations consistent with androgen-
driven skin pathology.
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The observed features strongly resemble early acne
vulgaris, raising potential concerns about the
cutaneous safety of topical testosterone, especially
in unregulated or over-the-counter formulations.
The absence of similar changes in the control areas
reinforces the specificity of the androgenic effects,
emphasizing the need for cautious evaluation of
testosterone’s role in skin physiology and
pathology.

FIGURE 1: Rat’s skin before testosterone topical application (left)
Rat’s skin after testosterone topical application for 14 days (right).

Microscopic examination revealed distinct and
significant alterations in the cutaneous architecture
of rats subjected to topical testosterone treatment,
compared to untreated controls. In the testosterone-
treated specimens, sebaceous gland hypertrophy
and pronounced follicular hyperplasia were
consistently observed, indicating a robust
androgenic stimulation of the pilosebaceous unit.
These findings were further supported by a marked
increase in the density of sebaceous and follicular
structures. Epidermal sections revealed prominent
acanthosis,  characterized by  Kkeratinocyte
hyperproliferation, while the dermis exhibited
thickening with increased collagen deposition,
indicative of fibroblast activation and extracellular
matrix remodeling. Moreover, hair follicles in the
testosterone-treated areas displayed notable
dilation and distension filled with keratinous
material, resembling early comedo formation a
hallmark of acne wvulgaris pathogenesis.
Additionally, dermal layers showed augmented
fibrocollagenous matrix deposition and increased
vascular proliferation, features that underscore the
tissue's response to androgenic stimuli. These
observations are indicative of early hyperplastic

changes driven by androgen exposure. In stark
contrast, the untreated control specimens preserved
normal cutaneous architecture. The sebaceous
glands appeared small and sparse, hair follicles were
limited in number and size, and the dermal
connective tissue was loosely organized without
signs of hyperplasia, keratin plugging, or vascular
proliferation. The epidermis remained uniformly
thin, lacking evidence of acanthosis or
hyperkeratosis. A clear dose-dependentrelationship
emerged, where higher concentrations of topical
testosterone correlated with more pronounced
sebaceous gland hyperplasia and follicular dilation.
Collectively, these findings demonstrate that topical
testosterone induces distinct and quantifiable
changes in skin morphology, mimicking the early
stages of androgen-driven skin disorders such as
acne vulgaris. The absence of these alterations in
untreated controls underscores the specific role of
androgenic stimulation in mediating cutaneous
pathology. These insights are crucial for
understanding the pathophysiology of androgen-
mediated skin conditions and have important
implications for the clinical use of topical
testosterone formulations.
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FIGURE 1: Microscopic feature of rat’s skin (a) Left: without testosterone topical application on day 14, (b)
Right: with testosterone topical application on day 14.

Discussion

Histopathological analysis based on Figure 1 showed
significant alterations in the cutaneous architecture
of rats following topical testosterone administration,
underscoring the profound influence of exogenous
androgenic stimulation on skin morphology.
Application of topical testosterone consistently
induced sebaceous gland hypertrophy and
pilosebaceous unit hyperplasia, hallmark features of
androgen-mediated cutaneous remodeling [13].
These changes were characterized by the
enlargement and increased density of sebaceous
glands, accompanied by notable follicular
hyperplasia. This morphological response is
indicative of enhanced proliferation of sebocytes and
keratinocytes  under androgenic  influence,
suggesting activation of androgen receptors in these
adnexal structures [14]. Epidermal alterations were
also prominent, as evidenced by acanthosis with
marked  Keratinocyte  proliferation.  These
hyperplastic changes suggest a hyperproliferative
epidermal response, resembling early-stage
androgen-driven dermatoses such as acne vulgaris
[15]. In the dermis based on Figure 2 thickening and
augmented collagen deposition were observed,
likely attributable to fibroblast activation and
increased extracellular matrix production in
response to testosterone exposure[l16]. Vascular
proliferation was also noted, further supporting the
role of androgens in modulating dermal remodeling
and angiogenesis. Hair follicles in testosterone-
treated skin based in Figure 2 demonstrated
significant dilation and were often filled with
keratinous material, a finding reminiscent of comedo
formation observed in early acne lesions. This
phenomenon underscores the pathophysiological
link between exogenous androgen exposure and
the development of acneiform changes, providing
histological evidence for the role of androgens in
initiating follicular obstruction and
hyperkeratinization. Importantly, these androgen-
induced modifications were absent in the untreated
control specimens, which maintained a baseline
cutaneous architecture characterized by small
sebaceous glands, sparse hair follicles, a thinner
dermis with loosely arranged collagen fibers, and a

lack of follicular dilation or keratin plugging. The
observed histopathological changes suggest a clear
dose-dependent  response, = where  higher
concentrations of topical testosterone correlated
with more pronounced sebaceous gland
hyperplasia and follicular dilation. This observation
aligns with previous studies demonstrating that
androgenic stimulation, particularly via
dihydrotestosterone, enhances sebaceous gland
activity and keratinocyte proliferation, both of
which are central to acne pathogenesis. The
findings of this study support the hypothesis that
exogenous testosterone induces a localized
hyperandrogenic  state, thereby promoting
sebocyte hyperplasia, keratinocyte
hyperproliferation, and follicular  plugging
histological hallmarks of early acne development
[17]. These results also highlight the broader
implications of topical androgen use, particularly
over-the-counter formulations containing
testosterone or its analogs. The morphological
changes observed suggest that even localized
androgen exposure can induce profound cutaneous
remodeling, raising potential concerns about the
long-term dermatological safety of such treatments.
Furthermore, the activation of androgen receptors
in the skin, coupled with increased proliferation of
adnexal structures and extracellular matrix
components, underscores the need for caution
when considering androgen-based therapies for
cutaneous conditions[13][18].

4. CONCLUSIONS

This study demonstrates that topical application of
testosterone in a rat model leads to significant
hyperplasia of the pilosebaceous unit and keratin-
filled follicular dilation, findings that -closely
resemble the early pathological features of acne
vulgaris. These results underscore a potential
dermatological hazard linked to the unregulated use
of testosterone-containing products. In light of these
observations, itis imperative to implement rigorous
safety evaluations and regulatory controls for over-
the-counter testosterone formulations, thereby
minimizing the risk of adverse skin reactions
associated with their widespread availability.
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