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ABSTRACT

Androgen disorders in males, including conditions such as hypogonadism, androgen deficiency, and androgenic
alopecia, result from hormonal imbalances that can significantly impact reproductive health, metabolism, and overall
well-being. Emerging research highlights the potential role of dietary phytochemicals, naturally occurring bioactive
compounds found in plants, in modulating androgen levels and mitigating the effects of these disorders. Various
classes of phytochemicals, including flavonoids, lignans, polyphenols, and alkaloids, exhibit mechanisms of action
that influence androgen metabolism, receptor activity, and overall endocrine function. These compounds exert their
effects through modulation of enzymatic pathways, inhibition of androgen receptor signaling, and antioxidative and
anti-inflammatory properties that support hormonal balance. Understanding the impact of dietary phytochemicals
on androgen disorders may provide new therapeutic avenues and dietary interventions to enhance male hormonal
health. This review aims to explore the current scientific evidence on phytochemicals and their potential applications
in the management of androgen-related conditions, highlighting their mechanisms, clinical relevance, and future
research directions.

Keywords: Androgen disorders, Phytochemicals, Hormonal balance, Androgen metabolism, Dietary interventions

INTRODUCTION

Androgens, primarily testosterone and imbalances, with dietary phytochemicals emerging as

dihydrotestosterone (DHT), are essential hormones
that regulate male reproductive health, muscle
development, and metabolic functions [17.
Disruptions in androgen levels can lead to various
disorders, including late-onset hypogonadism,
androgen deficiency, and androgenic alopecia [27].
The prevalence of these conditions is increasing due
to factors such as aging, poor lifestyle habits, obesity,
and exposure to endocrine-disrupting chemicals [37].
Androgen disorders can negatively impact fertility,
energy levels, cognitive function, and overall well-
being. Conventional treatments for androgen-related
disorders often include hormone replacement therapy
(HRT), pharmaceuticals, and lifestyle modifications
[47]. While these interventions can be effective, they
may also come with potential side effects, including
cardiovascular risks, prostate complications, and
dependency on exogenous hormones. As a result,
there is growing interest in alternative or
complementary strategies for managing androgen

a promising option [57].

Phytochemicals are naturally occurring bioactive
compounds found in plants, known for their diverse
biological activities, including anti-inflammatory,
antioxidant, and hormonal regulatory effects [67.
Various classes of phytochemicals, such as flavonoids,
lignans, polyphenols, and alkaloids, have been studied
for their role in modulating androgen metabolism and
receptor activity [77]. These compounds can influence
enzymatic pathways involved in steroidogenesis,
inhibit androgen receptor signaling, and reduce
oxidative stress, all of which contribute to improved
hormonal balance [87. Understanding the impact of
dietary phytochemicals on androgen disorders may
open new avenues for therapeutic interventions and
dietary strategies aimed at optimizing male hormonal
health. This review explores the mechanisms by
which dietary phytochemicals influence androgen
function, their potential applications in managing
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Classes of Dietary Phytochemicals and Their Role in Androgen Disorders
Flavonoids

Flavonoids, a diverse class of plant compounds found
in fruits, vegetables, and tea, have been widely studied
for their potential in modulating androgen
metabolism [97. Isoflavones, such as genistein and
daidzein, are phytoestrogens predominantly found in
soy products that exhibit mild estrogenic activity,
influencing androgen receptor signaling and
testosterone levels. These compounds can exert anti-
androgenic effects by competitively binding to
androgen receptors, reducing excessive androgen

Lignans are plant-derived polyphenols present in
flaxseeds, whole grains, and legumes [13. These
compounds are metabolized by gut microbiota into
enterolactone and enterodiol, which have been shown
to interact with androgen metabolism. Studies
suggest that lignans may exert anti-androgenic
effects by inhibiting androgen biosynthesis and

activity [10,117] Additionally, certain flavonoids
inhibit 5-alpha reductase, an enzyme responsible for
the conversion of testosterone to dihydrotestosterone
(DHT), making them beneficial in conditions such as
androgenic alopecia and benign prostatic hyperplasia
(BPH). Quercetin and kaempferol, found in onions,
apples, and green tea, have also demonstrated
inhibitory effects on androgen receptor signaling,
potentially mitigating hyperandrogenic conditions

C12].

reducing circulating testosterone levels [14]. This
property is particularly relevant in conditions such as
prostate cancer, where androgen suppression is a
therapeutic strategy. Additionally, lignans may
modulate sex hormone-binding globulin (SHBG)
levels, altering the bioavailability of androgens in
circulation [157.

Polyphenols

Polyphenols, found in green tea, berries,
pomegranate, and red wine, possess strong
antioxidant and anti-inflammatory properties that
contribute to their regulatory role in androgen
metabolism [167]. Epigallocatechin gallate (EGCG),
the primary polyphenol in green tea, has been shown
to inhibit androgen receptor activity and suppress

Alkaloids

Alkaloids, a class of naturally occurring nitrogen-
containing compounds, are present in medicinal
plants such as fenugreek and maca root. Fenugreek-
derived saponins, including protodioscin, have been
reported to enhance testosterone levels by
stimulating luteinizing hormone secretion, which
promotes endogenous testosterone synthesis [197.
Clinical studies have suggested that fenugreek

DHT production. Polyphenols also help reduce
oxidative stress-related testosterone decline by
protecting testicular function [187]. Pomegranate-
derived polyphenols, including ellagitannins, have
demonstrated potential in improving sperm quality
and modulating androgen receptor signaling,
supporting overall reproductive health.

supplementation improves testosterone levels,
muscle strength, and libido in men. Similarly, maca
root, traditionally used for its aphrodisiac properties,
has been linked to improved sperm parameters and
enhanced sexual function, possibly through its effects
on the hypothalamic-pituitary-gonadal (HPG) axis

[207].

Mechanisms of Action of Phytochemicals in Androgen Regulation

Dietary phytochemicals influence androgen disorders
through several mechanisms, including:

Inhibition = of  5-alpha  reductase: Many
phytochemicals,  particularly  flavonoids  and
polyphenols, inhibit the activity of 5-alpha reductase,
thereby reducing the conversion of testosterone to
DHT [21]. This action is beneficial in managing
conditions such as androgenic alopecia and prostate
disorders.

Modulation of androgen receptors: Certain
phytochemicals regulate androgen receptor activity,
either by acting as competitive inhibitors or by
influencing receptor expression levels, thereby

modifying androgen signaling at the cellular level
[22].

Regulation of oxidative stress and inflammation:
Androgen disorders are often associated with
oxidative damage to  reproductive  tissues.
Polyphenols and flavonoids, with their strong
antioxidant properties, help mitigate oxidative stress
and support hormonal balance [237].

Influence on endocrine signaling: Some
phytochemicals affect the HPG axis, which regulates
testosterone production and secretion. By modulating
hormonal feedback mechanisms, these compounds
help maintain optimal androgen levels [247].
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Overall, dietary phytochemicals offer promising
therapeutic potential for managing androgen
disorders by targeting multiple pathways involved in
androgen metabolism and function. Future research
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should focus on elucidating the optimal dosages,
bioavailability, and long-term effects of these natural
compounds in clinical settings.

Clinical Evidence and Potential Applications

Several clinical and preclinical studies have
investigated the impact of dietary phytochemicals on
androgen disorders:

Soy isoflavones have been studied for their potential
effects on testosterone levels and prostate health,
with some findings indicating mild estrogenic activity
that may influence androgen balance [257. Green tea
catechins have demonstrated androgen-modulating
properties in research related to prostate cancer and
androgen receptor activity, suggesting their potential

in hormone regulation [267].Fenugreek
supplementation has been linked to increased
testosterone levels and improved libido in clinical
trials, with its bioactive compounds believed to
stimulate luteinizing hormone production [27].
Pomegranate extract has been associated with
enhanced sperm  quality and testosterone
preservation, particularly in oxidative stress-related
conditions, highlighting its role in reproductive
health [287.

Future Directions

While dietary phytochemicals show promise in
managing androgen disorders, further research is
necessary to establish optimal dosages, long-term
safety, and interactions with conventional therapies
[297. Large-scale clinical trials will be crucial in
validating their efficacy and understanding their
precise mechanisms of action. Additionally, the

development of targeted nutraceutical formulations
could enhance bioavailability and therapeutic
potential [807]. A deeper exploration of the
relationship between dietary components, hormonal
balance, and metabolic health may pave the way for
innovative dietary strategies to support male
reproductive and endocrine function.

CONCLUSION

In conclusion, dietary phytochemicals offer a natural
and promising approach to managing androgen
disorders in males. Their ability to regulate androgen
metabolism, modulate receptor activity, and reduce
oxidative stress underscores their therapeutic
potential. Incorporating phytochemical-rich foods or
developing targeted nutraceuticals may serve as
effective complementary strategies for improving

androgen-related conditions. However, further
clinical research is necessary to determine optimal
dosages, long-term effects, and potential interactions
with  conventional  treatments. A deeper
understanding of these compounds could pave the
way for innovative dietary and therapeutic
interventions to support male reproductive health
and hormonal balance.
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