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Abstract

Objective: In the context of holistic male health management, there is growing interest in formulations that simultaneously support multiple physi-
ological domains. This study evaluates a novel composite, developed under the guidance of Traditional Chinese Medicine (TCM) theory and modern
nutritional science, for its potential benefits on key aspects of male well-being, including physiological vitality, sleep quality, and renal resilience.

Methods: A multi-faceted assessment was conducted in adult male zebrafish models. The intervention was a composite powder comprising core
TCM botanicals—Cistanche, American Ginseng, Polygonatum, Angelica, and Oyster—orchestrated according to the Jun-Chen-Zuo-Shi principle. The
zebrafish were administered the formulation at low, medium, and high concentrations. Evaluations encompassed indicators of physiological vitality
(e.g., mating behavior frequency, testis weight, sperm count, and testosterone levels), sleep parameters (total awakening time and activity during
rest), and renal protection (incidence of edema in a nephrotoxicity model).

Results: The composite powder significantly enhanced core markers of male physiological vitality. It promoted natural mating behavior, supported
reproductive organ health, and contributed to the maintenance of healthy testosterone levels. A distinct dose-response relationship was observed,
with the medium dose consistently yielding the most favorable outcomes. Furthermore, the formulation demonstrated significant sleep-supporting
activity by reducing restlessness and improving sleep continuity. It also exhibited notable renal protective effects, significantly mitigating patholog-
ical edema.

Conclusion: This integrative formulation, synergizing TCM wisdom with modern nutritional concepts, demonstrates comprehensive benefits for
supporting male health. Its multi-domain efficacy in promoting physiological vitality, sleep quality, and renal resilience aligns with a proactive, “pre-
ventive treatment” approach to wellness. The findings underscore the value of blending traditional herbal strategies with contemporary science to
advance men'’s health. Further research in human cohorts is merited.

Introduction

Male health encompasses a broad spectrum of physiological
and psychological well-being, with sexual health representing a
crucial component that significantly influences quality of life and
interpersonal relationships. Erectile Dysfunction (ED) is defined
as the persistent inability to achieve or maintain a penile erection
sufficient for satisfactory sexual performance [1]. Beyond its

adverse effects on quality of life and interpersonal relationships,
ED is increasingly recognized as an indicator of underlying physical
and physiological deterioration, potentially serving as an early
marker for life-threatening conditions such as coronary artery and
peripheral vascular diseases [2].

ED arises from a complex interplay of psychological and
organic factors. Psychogenic ED, mediated by noradrenergic
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or sympathetic pathways, is frequently associated with stress,
depression, and anxiety [3]. In contrast, organic ED is commonly
linked to modifiable risk factors including tobacco use, obesity,
physical inactivity, and chronic alcohol consumption, which disrupt
hormonal balance by reducing testosterone levels and impairing
endothelial function [4]. Chronic inflammation, characterized by
elevated circulating inflammatory markers such as C-Reactive
Protein (CRP), intercellular adhesion molecule-1, interleukins (IL-
6, IL-10, IL-1p), and tumor necrosis factor-alpha (TNF-a), further
exacerbates endothelial dysfunction and contributes to the onset
and severity of ED [4].

Large-scale epidemiological studies have reported substantial
variation in ED prevalence worldwide, with rates as high as 76.5%
in certain regions [5]. In mainland China, the prevalence of ED
exhibits considerable geographic disparity, ranging from 17.1% in
several provinces and metropolitan areas (e.g., Beijing, Guangzhou)
to 92.3% in Gansu Province [6]. Moreover, the incidence of ED
increases markedly with age, affecting 20.86% of men under 30
years and rising to 93.72% among those aged 70 and above [7].
Notably, a growing proportion of younger men are reporting ED-
related concerns, highlighting an emerging public health issue.

Pharmacotherapy remains the cornerstone of ED management.
The market for ED drugs in China is projected to reach US$179.3
million by 2030, with a compound annual growth rate of 9.9%
from 2025 to 2030. Sildenafil citrate (Viagra) was the top revenue-
generating product in 2024 [8]. However, despite their efficacy
and widespread use, the misuse of ED medications is increasingly
documented [9]. Such practices may lead to risky sexual behaviors,
including unprotected intercourse with multiple partners,
and elevate the incidence of sexually transmitted infections.
Furthermore, psychological dependence on these drugs can
exacerbate anxiety and undermine self-confidence in maintaining
erectile function without pharmacological aid [10].

Given these limitations of conventional pharmacotherapy, there
has been a growing interest in complementary and alternative
approaches, particularly Traditional Chinese Medicine (TCM). TCM
offers a holistic framework for understanding and treating ED,
often attributing it to patterns such as Kidney Yang deficiency, Qi
stagnation, and Blood stasis [11]. Numerous herbal compounds,
such as the classic formulation Wu Zi Yan Zong Wan, have been
historically utilized and investigated for their potential benefits
on male reproductive health [12]. However, many traditional
formulations lack rigorous validation through modern scientific
methodologies, and their mechanisms of action often remain
partially characterized, limiting their acceptance and application in
evidence-based practice. On the other hand, phosphodiesterase-5
(PDE-5) inhibition is an established mechanism for treating ED
by enhancing erectile function. Studies in sexually exhausted rat
models have shown that Turnera diffusa (80 mg/kg) improves
ejaculatory performance and shortens the post-ejaculatory interval
[13]. Its active components, including apigenin-7-glucoside and
Z-echinacin, exhibit anti-aromatase and estrogenic activities, with
an ICsy of 63.1 pg/ml for aromatase inhibition [14]. In addition,
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Turnera diffusa was incorporated for its aphrodisiac properties.
Pelvic Floor Muscle (PFM) function is another critical factor in
ED. Normal PFM activity supports penile rigidity by maintaining
intracorporeal pressure. Postbiotic component that upregulates
androgen receptor and a-actin expression in the levator ani muscle
can strengthen PFM and aid functional recovery [15].

wisdom and
contemporary scientific standards, we developed a novel composite
that strategically integrates well-established TCM herbs with
modern functional ingredients. This study aims to systematically
evaluate the effects of this composite on multiple fronts—sexual

To bridge this gap between traditional

performance, sleep quality, and renal protection—using a zebrafish
model. The zebrafish model was selected for its high genetic
and physiological homology to mammals, particularly in drug
metabolism and organ function, making it a robust platform for
preliminary efficacy and safety screening. We hypothesize that this
integrated formulation will not only ameliorate ED symptoms by
leveraging the synergistic effects of its components but also confer
broader health benefits, thereby offering a comprehensive, multi-
targeted strategy for managing male health and well-being.

Materials and Methods
Tested Formulation and Preparation

The investigational composite powder utilized in this study was
a precisely formulated mixture of standardized botanical extracts,
designed based on the principles of Traditional Chinese Medicine
(TCM) to warm and tonify Kidney Yang, replenish essence, and
benefit Qi. The core composition consisted of the following five
key ingredients, all administered in their extracted forms to ensure
consistent bioactivity and dosage:

Cistanche deserticola (Cistanche, Rou Cong Rong) Extract

Panax quinquefolius (American ginseng, Xi Yang Shen)
Extract

Polygonatum sibiricum (Huang Jing, Huang Jing) Extract
Angelica sinensis (Angelica, Dang Gui) Extract
Ostreidae (Oysters, Mu Li) Extract

These constituents were meticulously blended in fixed
proportions according to the TCM Jun-Chen-Zuo-Shi (Chief, Deputy,
Assistant, Envoy) formulation strategy. In this framework, Cistanche
served as the Jun (Chief) herb to primarily tonify Kidney Yang;
American Ginseng and Polygonatum acted as the Chen (Deputy) to
reinforce the chiefherb and replenish Qi; Angelica functioned as Zuo
(Assistants) to nourish essence and blood, respectively; and Oyster
acted as the Shi (Envoy) to guide the actions of the other herbs to
the kidney meridian and consolidate essence. The final composite
powder was dissolved in the aquarium water to the specified test
concentrations (e.g., 3.90625, 7.8125, and 15.625 pg/mL for the
sexual function assay) for administration to the zebrafish.

Animals and Housing
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Adult male zebrafish (AB strain) were maintained in a
standardized aquaculture system under a 14/10-hour light/
dark cycle at 28.5°C. The zebrafish were randomly divided into
six groups (n=10-15 per group): a normal control group, a model
control group, a positive control group (administered either
clomiphene citrate tablets or Wu Zi Yan Zong Wan, a classic TCM
formula for tonifying the kidney and reinforcing essence [16]), and
three experimental groups receiving the test composite powder at
the Maximum Tolerated Concentration (MTC), 1/2 MTC, and 1/4
MTC. The MTC was predetermined as the highest concentration
that did not induce mortality or significant adverse effects beyond
transient intestinal abnormalities.

Evaluation of Male Sexual Function Enhancement

A model of impaired male sexual function was established
by exposure to cyclophosphamide, an alkylating agent known
to selectively deplete differentiating spermatogonia, leading to
oligospermia or asthenozoospermia in zebrafish [17]. Sexual
performance was assessed by quantifying the frequency of
“rear-end collisions,” a well-documented mating behavior where
the male pursues and makes contact with the female’s genital
region, culminating in egg release and sperm ejaculation [18]. A
significant reduction in this behavior confirmed successful model
establishment.

Following the induction period, the cyclophosphamide was
withdrawn. The positive control drugs and the composite powder
were administered via aqueous solution. The following endpoints
were measured: (1) body weight and testis weight; (2) frequency
of rear-end collisions; (3) sperm count using a hemocytometer;
and (4) serum levels of testosterone, follicle-stimulating hormone
(FSH), and luteinizing hormone (LH) using commercial enzyme-
linked immunosorbent assay (ELISA) Kits.

The improvement ratein male health efficacy(%)

I(Sample group) — I(Model control group) |10,
0

- I(Normal control group) — I(Model control group)

Evaluation of Sleep Quality Improvement

An insomnia model was induced with Penty Lenetetra Zole
(PTZ), a GABA_A receptor antagonist that reduces inhibitory
neurotransmission and reliably induces hyperarousal and sleep
disturbances in zebrafish [19,20]. Except for the normal control
group, all fish were pre-exposed to hydrochloride adrenaline to
establish a model of Qi stagnation and blood stasis,a TCM syndrome
often associated with sleep disorders. After model induction, the
test sample was delivered as a water-soluble solution. Behavioral
tracking was performed to quantify the total awakening time and
locomotor activity levels during the designated sleep period.

The improvement ratein sleep quality (%)

I(Model control group) — I(Sample group)

_ x100%
I(Model control group) — I(Normal control group)

Evaluation of Renal Protective Efficacy

The zebrafish model was employed for nephrotoxicity studies
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due to its high degree of conservation with mammals in renal
development, function, and response to nephron toxicants [21].
Aristolochic Acid (AA) was used to induce acute kidney injury, as
it causes specific damage to renal tubular epithelial cells, leading to
interstitial fibrosis, atrophy, and the characteristic syndrome known
as Aristolochic Acid Nephropathy (AAN) [22]. The model was
validated by observing significant renal edema and morphological
abnormalities. After AA exposure, zebrafish were treated with
water-soluble samples. The primary outcome was the incidence of
renal edema, determined by visual inspection under a microscope.
The improvement renal protection efficacy (%)

I(Model control group) — I(Sample group) x100%
0

- I(Model control group) — I1(Normal control group)
Results

Composite Powder Ameliorates Cyclophosphamide-
Induced Impairments in Male Sexual Function

To evaluate the effects of the composite powder on male
sexual function, a zebrafish model of reproductive impairment was
established using cyclophosphamide. As summarized in Table 1, the
frequency of tail pursuit, a key indicator of sexual motivation and
performance, was significantly reduced in the model control group
compared to the normal group. Treatment with the composite
powder, particularly at the medium concentration (7.8125 pg/
mL), markedly increased the pursuit frequency, demonstrating a
restorative effect on this core mating behavior.

Table 1: Efficacy of Composite Powder on Tail Pursuit Frequency.

Group Concentration | L2l Putli'f:itsf;fi?:;ency (-
Normal - 17~36
Model - 10~26
Clomiphene Citrate 0.5 pg/mL 13~27
Composite powder | 3.90625 pg/mL 14~26
7.8125 pg/mL 16~35
15.625 pg/mL 15~26

The impact on reproductive organ morphology and function
was further investigated. As shown in Table 2, while the composite
powder did not significantly alter the overall body weight of
zebrafish, it induced a significant increase in testis weight across
all treatment concentrations compared to the model control
group. This suggests a specific trophic effect on the male gonad.
Consistent with this finding, sperm count, which was severely
depleted in the model group, was significantly enhanced at the
medium and high concentrations of the composite powder (Table
3). The improvement in male reproductive health, calculated based
on a composite efficacy formula, reached 75.18%, 79.67%, and
56.41% at the low, medium, and high concentrations, respectively,
for testicular health, and 20.86%, 56.12%, and 39.57% for sperm
count.
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Table 2: Effects of composite powder on body weight and testis weight.

Weight
Gruop Concentration Testis weight (mg, mean * SE)
(g, mean * SE)

Normal - 0.25+0.001 8.93 +0.151**

Model - 0.3+0.001 5.74 £ 0.192
Clomiphene Citrate 0.5 pg/mL 0.3+0.004 7.68 + 0.155*
Composite powder 3.90625 pg/mL 0.3+0.005 8.14 + 0.278**

7.8125 pg/mL 0.3+0.003 8.28 +0.191**
15.625 pg/mL 0.3+0.002 7.54 + 0.144**

Note*: Compared with the model control group, * represents p < 0.05, ** represents p < 0.01.

Table 3: The effect of composite powder on sperm vitality.

Sperm Count
Group Concentration
(mean * SE)
Normal - 95.33 + 2.106***
Model - 49 + 0.949
Clomiphene Citrate 0.5 pg/mL 61.3+1.317*
3.90625 pg/mL 58.7 £ 2.415
Composite powder 7.8125 pg/mL 75+ 1.761%***
15.625 pg/mL 67.3 £2.106**

Note*: Compared with the model control group, * represents
p < 0.05, ** represents p < 0.01, *** represents p < 0.001.

Furthermore, the composite powder exhibited a potent effect
on the endocrine axis. Testosterone levels, which were drastically
lowered in the model group, were restored to near-normal levels
following treatment with the medium and high concentrations
of the composite powder (Table 4). The calculated improvement
in testosterone content was 98.15% and 93.18% for these two
concentrations, respectively, indicating a strong androgen-boosting
capacity (Table 1-4).

Table 4: The effect of the compound powder on testosterone level.

Group Concentration Testosterone level (nmol/gprot, mean * SE)
Normal - 239.996 + 10.08***
Model - 104.165 + 3.64

0.5 pg/mL 259.477 + 2.94%%x

Clomiphene Citrate
3.90625 pg/mL

107.225 £ 3.25

Composite powder 7.8125 pg/mL

237.488 = 6.50%**

15.625 pg/mL

230.73 £ 18.04***

Note*: Compared with the model control group, * represents p < 0.05, ** represents p < 0.01, *** represents p < 0.001.

Composite Powder Mitigates Pentylene Tetrazole-
Induced Sleep Disturbances

The efficacy of the composite powder in improving sleep
quality was assessed in a zebrafish insomnia model induced by
PTZ. The model control group exhibited a pronounced increase in
both the duration of insomnia and locomotor activity during the
sleep period. As detailed in Table 5, treatment with the composite

powder at 250pg/mL and 500 pg/mL significantly reduced these
parameters in a dose-dependent manner. The high concentration
(500 pg/mL) produced effects comparable to the positive control,
L-Tryptophan, confirming the formulation’s potent sleep-aid
properties. A representative behavioral trajectory (Figure 1)
visually corroborates the reduction in hyperactive, insomnia-like
movement following treatment (Table 5) (Figure 1).
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Table 5: The effect of the composite powder on sleep improvement.

Group Concentration Duration of insomnia (s, mean Activity levels during
(ng/mL) + SE) insomnia (mm, mean * SE)
Normal control group - 1.12 £ 0.21%% 32.6 £ 6.15%**
Model control group - 76.1 +4.40 2529 + 142
50 46.5 +2.41* 1553 + 83.5*
L-Tryptophan 125 75.7 £4.19 2567 + 141
) 250 62.0 £ 3.84* 2058 + 127*
Composite powder 500 50.0 + 3.73%** 1674 + 123***

Note*: Compared with the model control group, * represents p < 0.05, *** represents p < 0.001.

Normal Model L-Tryptophan
Group Group 50 pg/ml
Composite Powder Composite Powder Composite Powder
0.125 mg/ml 0.25 mg/ml 0.5 mg/ml

Figure 1: Typical behavioral trajectory of zebrafish after treatment with composite powder (black lineslow motion;
green line: medium speed motion; red line: fast motion).

Composite Powder Confers Protection against 6, treatment with the composite powder significantly reduced the
Aristolochic Acid-Induced Nephrotoxicity occurrence of renal edema at all tested concentrations. The most
pronounced protective effect was observed at 250 pg/mL, which
reduced the incidence to 33%, outperforming the positive control,
dexamethasone (43%). A typical image of renal edema is provided
in Figure 2 for morphological reference (Table 6) (Figure 2).

The renal protective potential of the composite powder was
evaluated in an Aristolochic Acid (AA)-induced acute kidney injury
model. AA administration resulted in a high incidence of renal
edema (97%) in the model control group. As presented in Table

Table 6: The efficacy of kidney protection.

Group Concentration (pg/mL) number — of  renal  edema incidence of renal edema (%)
occurrence

Normal - e 3

Model - 29 97
9.81 13%k 43

Dexamethasone
125 15%** 50
250 10%** 33
Composite powder

500 17%%* 57

Note*: Compared with the model control group, *** represents p < 0.001.
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Normal

Composite powder
0.125 mg/ml

Composite powder

Dexamethasone

Model 9.81 pg/ml

Composite powder
0.5 mg/ml

0.25 mg/ml

Figure 2: Typical image of zebrafish renal edema after treatment with composite powder.

Discussion and Conclusion

The pursuit of holistic male health encompasses the
optimization of multiple physiological domains, including
sustained vitality, restorative sleep, and robust organ function.
Contemporary lifestyle challenges often simultaneously impact
these interconnected systems, necessitating integrated approaches
that extend beyond single-symptom management. This study
demonstrates that a novel composite formulation, developed by
synergizing Traditional Chinese Medicine (TCM) principles with
modern functional ingredients, confers significant, multi-faceted
benefits on key aspects of male well-being—specifically sexual
performance, sleep quality, and renal protection—in established
zebrafish models.

Erectile Dysfunction (ED) is a multifactorial condition that
significantly impairs quality of life and acts as a potential sentinel
for systemic vascular disease. While phosphodiesterase-5 (PDE-5)
inhibitors provide effective symptomatic relief, concerns regarding
their long-term use, potential for psychological dependency, and
limited ability to address the underlying pathophysiology highlight
the urgent need for alternative, holistic strategies [11]. This study
demonstrates that a novel composite formulation, which integrates
the principles of Traditional Chinese Medicine (TCM) with modern
functional ingredients, confers multi-faceted benefits on male
sexual performance, sleep quality, and renal protection in well-
established zebrafish models.

Our findings on male sexual function reveal a comprehensive
restorative effect. The composite powder significantly enhanced
zebrafish chasing behavior, a direct indicator of sexual motivation
and performance [21]. improvement was
corroborated by fundamental physiological changes: a marked
increase in testis weight and a significant recovery of sperm count at
medium and high concentrations, indicating a robust enhancement
of reproductive organ vitality and spermatogenesis. Crucially, the
formulation restored testosterone levels to near-physiological

This behavioral

ranges in a dose-dependent manner. The efficacy at the medium
concentration (7.8125ug/mL) was particularly pronounced, often
surpassing the effect of the higher dose, suggesting the existence
of an optimal therapeutic window. This coordinated enhancement
across behavior, organ morphology, and endocrine function

strongly validates the TCM principle of tonifying the kidney to
bolster reproductive health [12,19], an effect attributable to the
synergistic action of core ingredients like Cistanche, ginseng, and
Polygonatum.

The therapeutic mechanism of our formulation extends beyond
mere hormonal modulation, embodying a multi-targeted strategy.
The inclusion of Turnera diffusa, supported by its documented
aphrodisiac properties [15], introduces a targeted mechanism. Its
active compounds, such as apigenin, function as natural aromatase
[23,24], potentially reducing the
testosterone to estrogen and thereby increasing bioactive androgen

inhibitors conversion of

levels—a key factor for sustaining libido.

Furthermore, the postbiotics in our formulation represent a
novel approach to targeting Pelvic Floor Muscle (PFM) health. Given
the PFM’s critical role in maintaining penile rigidity by preventing
venous outflow [ 25], our formulation, by potentially enhancing the
expression of Androgen Receptor (AR) and a-actin, may strengthen
PFM contractility. This offers a mechanical improvement of erectile
function that is distinct from, yet complementary to, the vascular
effects of PDE5 inhibitors.

The benefits of the formulation are not confined to sexual
health. It exhibited significant sedative effects in a PTZ-induced
insomnia model, substantially reducing both insomnia duration
and associated hyper-locomotor activity. This aligns with the TCM
concept that sleep disturbances (Shen imbalance) often stem
from heart-kidney disharmony due to kidney essence deficiency
[26]. Ingredients such as Polygonatum and Danggui, with their
nourishing and blood-tonifying properties, likely contribute to
calming the Shen, thereby improving sleep quality. This cross-
system efficacy underscores the holistic advantage of a TCM-based
approach.

Similarly, the significant renal protective effects observed
in an aristolochic acid-induced nephropathy model underscore
the formulation’s systemic value. The reduction in renal edema
incidence suggests potent anti-inflammatory and/or anti-fibrotic
properties [27], aligning with the TCM tenet that strengthening the
kidney, the foundation of innate constitution, enhances resistance
to pathological insults.
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The observation that the medium dose frequently yielded
optimal results is particularly noteworthy. This non-linear, biphasic
dose-response is characteristic of complex botanical formulations
and suggests a carefully balanced synergistic interaction among
the constituents, masterfully guided by the Jun-Chen-Zuo-Shi
principle [28]. This principle provides a sophisticated framework
for formulation: Cistanche (Jun) directs the primary Yang-tonifying
action; American Ginseng and Polygonatum (Chen) synergistically
reinforces this effect; Danggui (Zuo) assists by improving blood
circulation to the genitalia; Ostreidae and modern ingredients like
postbiotics can be seen as a contemporary interpretation of the Shi
role, targeting ancillary pathways like PFM function. An overdose
may disrupt this delicate herbal synergy, attenuating efficacy.

By presenting products through the lens of “TCM Theory +
Precision Nutrition,” consumers can grasp the traditional logic of
“nourishing the kidneys” while simultaneously understanding
and appreciating the scientific efficacy of novel technological
ingredients through evidence-based data. This dual approach builds
trust through familiar traditional concepts and then introduces and
validates new scientific components, fostering a more profound
and educated acceptance of integrated health solutions.

In conclusion, this study provides robust preclinical evidence
for the efficacy of our novel TCM-modern composite formulation.
It operates through a multi-targeted mechanism that integrates
endocrine modulation (testosterone restoration),

structural

potential

enzymatic inhibition (aromatase), and functional
improvement (spermatogenesis, PFM strength), and systemic
protection (sleep, renal health). This integrative strategy, which
seamlessly merges the holistic framework of TCM with the
precision of modern nutritional science, represents a promising
and comprehensive paradigm for male health management. It
moves beyond mere symptom relief to foster foundational wellness,
aligning with the “preventive treatment” model and potentially
mitigating the future risk of chronic diseases for which ED is an
early warning sign. Future clinical trials are warranted to translate

these promising findings into tangible human health benefits.
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