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ABSTRACT

Background: Aging is a natural process that affects all living beings. This process leads to various physiological and
pathological changes. Human health has traditionally relied on a combination of dietary supplements and herbal
remedies (food-medicine homogeneity) to combat the effects of aging. Recent scientific advancements have provided
more profound insights into the mechanisms by which these traditional substances contribute to the anti-aging impacts

through their active components.

Objectives: A formulation called Regetting-18 Complex Powder (R-18CP) was investigated using multiple aging markers
that were hypothesized to inhibit cellular senescence. This formulation included several bioactive ingredients known for

their anti-aging properties, such as Panax ginseng, Ganoderma lucidum, and Polygonati rhizome.

Methods: Adult male and female zebrafish were paired overnight, and embryos were collected the following day. Six
experimental groups were established, each consisting of 10 fish, and all groups were conducted in triplicate. The groups
included: (1) Control, (2) Model, (3) Positive control (treated with 5 pg/mL resveratrol), and (4) three R-18CP treatment
groups (treated with 1 pg/mL, 0.5 pg/mL, and 0.1 pg/mL, respectively). At 72 hours post-fertilization, various assays were
performed: 10 fish per group were stained for $-galactosidase, another 10 for reactive oxygen species (ROS), 10 were
analyzed for mitochondrial membrane potential, 50 were used to assess telomerase levels, and DNA was extracted from

30 fish for telomere length analysis.

Results: R-18CP reduced B-galactosidase staining intensity in a dose-dependent manner. Increasing concentrations of R-

18CP were associated with decreased ROS staining intensity, elevated telomerase levels, and longer telomeres.
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Additionally, the mitochondrial membrane potential staining intensity increased in proportion to the R-18CP

concentration.

Conclusion: Based on the five distinct aging markers assessed in the zebrafish model, R-18CP may be able to restrict

aging. Further studies using human models are recommended and necessary.

Novelty of the Study: This study is the first to report that an R-18CP can exert anti-aging effects through telomere
protection and improved mitochondrial function in zebrafish models. This suggests R-18CP is a potential therapeutic

compound for anti-aging.

Key words: anti-aging, food-medicine homogeneity, zebrafish, B-galactosidase, telomere, telomerase, reactive oxygen,
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INTRODUCTION

Aging is a process in which a functional and organic
decline occurs in the body, involving various levels of
damage to tissues, organs, genes, proteins, cells, and
intercellular communication systems. Specific
manifestations include telomere shortening,
accumulation of DNA damage, abnormal activation of
oncogenes, metabolic changes, and excessive production
of ROS. Telomeres, as nuclear protein structures covering
the ends of each chromosome arm, are susceptible to
age-related and oxidative stress-induced damage [1, 2].
As telomeres shorten due to cell division, apoptosis, and
death of cells accelerate within the body, ultimately
leading to increased aging. The production of telomerase
can slow down the shortening of telomeres, thereby
delaying the aging process [3]. When proteins are
damaged, the balance of protein synthesis, folding, and
degradation within the body becomes disrupted, which
accelerates aging and the development of age-related
diseases [4]. At the cellular level, there is an increase in
the B-galactosidase enzyme. This leads to damaged stem
cells, mitochondrial dysfunction, and nutritional
imbalance. Damage to stem cells leads to a decline in
tissue repair function, resulting in irreversible aging.
Meanwhile, mitochondrial dysfunction and nutritional
imbalance accelerate this process [5].

The aging process in zebrafish shares strong
similarities with human aging, both characterized by the
accumulation of lipofuscin and cognitive decline [6, 7].
Studies have shown that drug-induced aging models in
zebrafish exhibit similar damage to humans in terms of
DNA, cellular tissues, and organs [8]. When H202 enters
the body of a zebrafish, it generates a large number of
free radicals, which induce oxidative stress responses
when in excess. This causes lipid peroxidation, which
destabilizes biological membranes, produces lipofuscin,
and ultimately damages nuclear and mitochondrial DNA.
This leads to protein oxidation damage and

macromolecular cross-linking, thereby inducing aging in
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zebrafish and shortening their lifespan [9].

The concept of "food-medicine homology" refers to
substances that have been used in traditional medicine
and are found naturally in foods [10]. These substances
often exhibit beneficial effects beyond their primary
uses, making them potential candidates for modern
medical research [10]. R-18CP is a complex of food-
medicine homogeny mainly from panax ginseng,
ganoderma lucidum, polygonati rhizoma. The active
components responsible for the anti-aging effects
observed in those food-medicine homology are typically
polyphenols, saponins, glycosides, and other bioactive
compounds [10-12]. In this research, R-18CP has been
studied for its anti-aging effects in a zebrafish
experimental system by utilizing aging biomarkers such
as ROS, the enzymes B-galactosidase and telomerase,
telomeres, and mitochondrial changes. Resveratrol, a
polyphenolic compound found in red wine and grapes,
has been extensively studied for its anti-aging properties.
Research indicates that this compound protects cells
from oxidative damage and extends their lifespan [13].
This characteristic allowed for its use as a positive control

in this study.

MATERIALS AND METHODS

e R-18CP, the test compound, was provided by
Suka Health Industry (Shenzhen, China).

e  Zebrafish were bred and housed by Baihuan
Biotechnology (Guangzhou, China).

e Resveratrol (3,4',5-Trihydroxystilbene) was
purchased from Thermo Fisher Scientific (Fair
Lawn, NJ, USA).

e 60x E3 solution was prepared according to the
Cold Spring Harbor Protocols (2011) using the
following components:

e 34.8 g sodium chloride (NaCl)

e 1.6 g potassium chloride (KCl)

e 5.8 g calcium chloride dihydrate (CaCl,-2H,0)

e 9.78 g magnesium chloride hexahydrate
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(MgCl,-6H.0)
These were dissolved in deionized water to a total
volume of 2 L. The pH was adjusted to 7.2 using sodium
hydroxide (NaOH), and the solution was autoclaved.
To prepare 1x E3 medium, 16.5 mL of the 60x stock
was diluted to 1 L with deionized water, and 100 pL of 1%
methylene blue (Sigma-Aldrich, St. Louis, MO, USA) was
added.
e Galactose (Sigma-Aldrich, St. Louis, MO, USA)
e Phosphate-buffered saline (PBS) (Sangon
Biotech, Shanghai, China)

e [B-galactosidase staining kit (Suzhou Lanjieke
Biotechnology, Suzhou, China)

e 2',7'-Dichlorofluorescin diacetate (DCFH-DA)
(Solarbio, Beijing, China)

e Tricaine mesylate (MS-222) (Sigma-Aldrich, St.
Louis, MO, USA)

e Telomerase ELISA kit (Hufeng Chemical,
Shanghai, China)

e DNA extraction kit (Zhuangmeng Biotechnology,
Tianjin, China)

e Nicotinamide adenine dinucleotide (NADY)
probe kit (Beyotime Biotechnology, Shanghai,
China)

Methods

Animal rearing and processing: The zebrafish
experiments were approved by the Institutional Animal
Care and Use Committee (MDL2025-03-04-03). Adult
zebrafish were housed in a recirculating water system
(Hunter Biotech, Hangzhou, China) at 28 °C under a 14-
hour light/10-hour dark cycle and were fed three times
daily. To obtain embryos, male and female zebrafish
were paired at a 1:1 ratio in the evening and separated
by a barrier. The barrier was removed the following
morning, allowing egg laying within the first hour of the
light cycle. Collected embryos were transferred to 10-cm
Petri dishes containing 1x E3 solution supplemented with

0.3 ppm methylene blue and incubated in an artificial
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climate incubator (BluePard, Yiheng Scientific
Instrument, Shanghai, China) at 28.5 °C under the same

light/dark cycle until treatment

Determination of maximum tolerated concentration
(MTC) of R-18CP: Experimental groups included a control
group and five R-18CP treatment groups at different
concentrations (0.1 pg/mL, 0.5 ug/mL, 1 ug/mL, 5 ug/mL,
and 25 pg/mL). Zebrafish embryos at 6 hours post-
fertilization (6 hpf) were randomly selected and exposed
to the respective R-18CP concentrations in 6-well plates
(5 mL per well), with 10 embryos per well and three
replicates per group. The media were refreshed daily
until 72 hpf. Dead embryos were promptly removed and
recorded. At 72 hpf, the mortality rate was assessed in
each well, and the MTC was determined. Additionally, 10
embryos were randomly selected from each group to
measure heart rate, calculated by counting heartbeats
over a 20-second period. Morphological abnormalities
were also assessed at 72 hpf. These malformations were
recorded and photographed to calculate the
malformation rate. Specific defects, including pericardial
edema, yolk sac cysts, abnormal bleeding in the heart or
brain, body curvature, shortened jaw or body length, and
absence of a swim bladder, were documented and

classified according to their type.

Groups and treatment: Six experimental groups were
established: (1) Control group, (2) Model group, (3)
Positive control group (treated with 5 ug/mL resveratrol),
and (4) three R-18CP treatment groups (administered at
1 pg/mL, 0.5 pg/mL, and 0.1 ug/mL, respectively). At 6
hours post-fertilization (hpf), zebrafish embryos were
randomly assigned to the six experimental groups to
minimize selection bias. Embryos were then transferred
to 6-well plates, with 10 embryos per well and three

replicates per group. The control group was maintained
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in a standard E3 solution, while the model group was
exposed to an E3 solution supplemented with 40 mg/mL
D-galactose to induce aging-like conditions [14]. The
positive control group received 5 ug/mL resveratrol in
addition to the model treatment. Similarly, the R-18CP
treatment groups received their respective
concentrations of R-18CP in addition to the D-galactose

treatment.

B-galactosidase staining intensity test for anti-aging
effects of samples: [-galactosidase staining was
performed to assess the anti-aging effects of the
samples. Following the treatment protocol described in
Section 2.2, the culture medium was changed daily. At 72
hpf, 10 zebrafish from each group were randomly
selected and transferred to 1.5 mL Eppendorf tubes. The
fish were washed three times with 1x PBS for 5 minutes
each and then fixed in 4% paraformaldehyde (PFA) at 4°C
for 24 hours. After fixation, the PFA was removed, and
500 uL of PB-galactosidase staining working solution—
prepared according to the kit manufacturer’s
instructions—was added to each tube. The tubes were
incubated overnight at 37 °C in the dark. Following
incubation, the staining solution was discarded, the fish
were rinsed with PBS, and then imaged. The staining
intensity was subsequently quantified using Imagel

software.

Detection of ROS level: ROS levels were measured to
evaluate the anti-aging effects of the samples. Following
the grouping and treatment protocol described in Section
2.2, 10 zebrafish from each group were randomly
selected at 72 hpf and incubated with the DCFH-DA probe
in the dark for 1 hour (according to the supplier's

instructions).  After incubation, the fish were
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administered anesthesia with 0.01% MS-222 to capture
fluorescence images. Fluorescence intensity, indicative of

ROS levels, was quantified using ImageJ software.

Detection of Telomerase Activity: Telomerase activity
was measured to assess the anti-aging effects of the
samples. Following the grouping and treatment protocol
described in Section 2.2, 50 zebrafish from each group
were homogenized at 72 hpf. Briefly, physiological saline
was added to a 1.5 mL microcentrifuge tube containing
juvenile fish at a 1:9 (mass: volume) ratio. The mixture
was homogenized on ice and centrifuged at 5000 x g for
10 minutes at 4°C. Telomerase activity was then
quantified using an ELISA kit (Shanghai Hufeng Chemical
Co., Ltd.), according to the manufacturer's instructions.
The results were statistically analyzed and presented as

mean * standard deviation (SD).

Detection of telomere length: Changes in telomere
length were assessed as an indicator of the anti-aging
effects of the samples. Following the grouping and
treatment protocol described in Section 2.2, 50 zebrafish
from each group were homogenized at 72 hpf. The
culture solution was refreshed daily, and at 72 hpf, 30
zebrafish from each group were homogenized as
described previously. DNA was extracted from each
group using a DNA extraction kit. Fluorescent
guantitative PCR (LongGene, Q2008, Hangzhou, China)
was performed on a fluorescence PCR instrument to
determine telomere lengths. The gPCR conditions were
as follows: initial denaturation at 95°C for 10 minutes,
followed by 40 cycles of 95°C for 15 seconds and 54°C for
2 minutes. Relative telomere lengths were calculated as
1/(Cq_telomere/Cq_single_copy_gene), with the c-fos

single-copy gene used as the internal reference. The
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primers used for this assay are listed in Table 1.

Table 1. The sequences of the primers used in the determination of telomere lengths.

Primer
z-g-Tel-F
z-g-Tel-R
z-g-c-fos-F

z-g-c-fos-R

Detection of mitochondrial membrane potential:
Mitochondrial membrane potentials were assessed as a
measure of the anti-aging effects of the samples.
Following the grouping and treatment protocol described
in Section 2.2, the culture medium was refreshed daily.
At 72 hpf, 10 zebrafish from each group were randomly
selected and incubated with the NAD+ probe kit for 45-
60 minutes. The fish were then observed and
photographed under a fluorescence microscope (MST,
MSD530), and fluorescence intensity was quantified

using ImageJ software.

Statistical Analysis: Statistical analysis was performed
using GraphPad Prism 8.0.2 statistical software. All
measurement data were expressed as mean * standard

deviation (Mean + SD). Pairwise comparisons were
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Sequence
GGTTTTTGAGGGTGAGGGTGAGGGTGAGGGTGAGGGT
TCCCGACTATCCCTATCCCTATCCCTATCCCTATCCCTA
CAGCTCCACCACAGTGAAGA
GCTCCAGGTCAGTGTTAGCC

performed using Student’s t-test. All statistical analyses
were conducted in a blinded manner. P-values <0.05

were considered statistically significant.

RESULTS

R-18CP reduced B-galactosidase levels in zebrafish:
Significant differences in [-galactosidase staining
intensity were found between the control and model
groups. The model group exhibited a higher intensity,
indicating a successful establishment of the aging model
(Figure 1A and B). As the sample concentration
increased, B-galactosidase staining intensity decreased in
a dose-dependent manner, with the 1 pg/mL group
showing the most significant reduction, which was
significantly lower than that of the model group (Figure

1B).
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Figure 1. B-galactosidase staining following 72 hours-treatment with R-18CP in zebrafish. (A) Representative images of

zebrafish from each group following staining for B-galactosidase. (B) B-galactosidase staining intensities in each group. Graph B shows

mean intensity + SD (n=10 per study group). * p<0.05, ** p<0.01, *** p<0.001 for comparison with the aging model.


https://www.ffhdj.com/

Functional Foods in Health and Disease 2025; 15(7): 369 — 379. FFHD Page 375 of 379

R-18CP inhibited ROS production in zebrafish: We found
that the fluorescence intensities of ROS in both the
positive control group and the R-18CP-treated groups
were significantly lower than in the model group (Figure

2A&B). Additionally, R-18CP treatment in zebrafish
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resulted in a dose-dependent reduction in ROS
fluorescence intensity, with the decrease being
significantly greater than that observed in the aging

model (Figure 2B).
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Figure 2. ROS staining following 72 hours of treatment of zebrafish with R-18CP and resveratrol. (A) Representative images

of zebrafish from each group following staining for ROS. (B) Fluorescence intensities of ROS in each group. Mean * SD (n=10 per study

group). *** p<0.001 for comparison with the aging model.

R-18CP increased telomerase activity in zebrafish: We
have found that the telomerase levels in the model group
were significantly lower than those in the R-18CP-treated

groups (Figure 3). Furthermore, treatment of zebrafish
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with R-18CP and resveratrol resulted in significant
increases in telomerase levels in a dose-dependent

manner, compared to the aging model.
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Figure 3. Telomerase activity levels (expressed as content) following 72 hours of treatment of zebrafish with R-18CP and

resveratrol. The graph shows the mean = SD (n = 10 per study group), * < 0.05, ** < 0.01, and ***p < 0.001 for comparison with the aging

model.
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R-18CP increased telomere length in zebrafish: The
relative telomere lengths in the R-18CP-treated groups

were consistently longer than those in the model group,
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and treatment with R-18CP resulted in a dose-dependent

increase in the relative telomere length (Figure 4).

* % %

Relative Telomere Length

* *

Figure 4. Relative telomere length following 72 hours of treatment of zebrafish with R-18CP and resveratrol. Relative

telomere length (see Section 2.6 for the method used to quantify relative telomere length) in zebrafish for each group. The graph shows

the mean % SD (n = 10 per study group), * p < 0.05, **p < 0.01 for comparison with the aging model.

R-18CP increased mitochondrial membrane potential in
zebrafish: Compared to the aging model group, the
mitochondrial membrane potential was significantly

higher in both the positive control group treated with
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resveratrol and the groups treated with 0.5 pg/mL and
1.0 pg/mL of R-18CP (Figure 5A and B). Moreover, R-18CP
treatment resulted in a dose-dependent increase in

fluorescence intensity in the zebrafish (Figure 5B).

B

150

Fluorescence intensity
w
o
1

Figure 5. Mitochondrial membrane potential staining following 72 hours of treatment of zebrafish with R-18CP and

resveratrol. (A) Representative images of zebrafish (left and right panels) and fluorescence images of mitochondrial membrane potential

(center panels). (B) Fluorescence intensities of mitochondrial membrane potential in zebrafish in each group. Mean + SD (n=10 per study group), * p<0.05,

** p<0.01 for comparison with the aging model.
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DISCUSSION

The results from the R-18CP experiments demonstrate
significant effects on aging-related cellular processes in
zebrafish, offering valuable insights into its potential as
an anti-aging product. The findings indicate enhanced
telomerase activity and increased telomere length,
suggesting a protective mechanism against oxidative
stress induced by aging [15-16]. We have demonstrated
that zebrafish treated with R-18CP exhibited increased
telomerase activity. Interestingly, a previous study
reported that treatment with the green tea polyphenol
epigallocatechin gallate (EGCG) significantly shortened
telomere length, accompanied by a reduction in
telomerase activity in human cancer cells [17]. These
opposed findings highlight the context-dependent roles
of telomerase, which may be modulated by functional
food components such as R-18CP. The observed
mitochondrial dysfunction, characterized by a reduced
membrane potential, further suggests that R-18CP may
modulate mitochondrial function, which is crucial for
energy production and cellular health [18]. This aligns
with findings from studies on Ganoderma lucidum, which
also highlights mitochondrial dysfunction as part of its
anti-aging [19-20] and antioxidant effects [21-22].
Additionally, the telomere elongation observed in this
study is consistent with the effects of green tea
polyphenol EGCG on normal human fibroblast cells [17],
corroborating broader research on aging mechanisms
and emphasizing the critical role of telomeres in
maintaining genomic stability [23-24]. Collectively, these
findings suggest that R-18CP may act through multiple
pathways to counteract aging processes.

The zebrafish model has become an invaluable tool
for studying human diseases [6-7, 25]. With external
development and accessibility at all stages, zebrafish
embryos and larvae offer the advantage of real-time
imaging of internal organs due to their transparency [26].
Unlike murine models, zebrafish have telomere lengths

similar to those of humans, with the exact telomere
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maintenance mechanisms [27-28], making them a
suitable candidate for studying aging processes. These
features support the use of zebrafish as a practical
preclinical model for the early-stage screening of anti-
aging compounds and preparations, such as R-18CP,
particularly in the development of functional foods and
nutraceuticals. While zebrafish provide valuable insights
into aging, their use as a model for human aging presents
several limitations. One notable drawback is their
relatively long lifespan, averaging 3 to 5 years [29], which
can delay experimental outcomes compared to shorter-
lived model organisms, such as C. elegans, which have a
lifespan of approximately three weeks [29-30]. However,
a short telomerase zebrafish model has recently been
developed, which accelerates the aging process and
enables the study of age-related diseases within a shorter
timeframe [31].

The findings from this zebrafish study suggest that
R-18CP holds significant promise as a potential
therapeutic product for anti-aging applications. As a
formulation derived from traditional "food-medicine"
ingredients such as Panax ginseng and Ganoderma
lucidum, R-18CP may serve as a natural-origin alternative
for mitigating age-related physiological decline. Its ability
to improve multiple aging markers, such as cellular
senescence, telomerase activity, telomere length, and
mitochondrial function, indicates a broad spectrum of
potential benefits. While further validation through
human studies is essential, these preliminary results lay
the groundwork for the development of novel dietary
supplements or functional foods designed to promote
healthy aging. Ultimately, R-18CP could offer a proactive
strategy to address age-related health challenges and
support a longer-term health span. Future studies
involving other anti-aging compounds, preparations, and
products from traditional medicine, as well as other
animal models such as mice and rats, could provide
comparative evidence to understand further the

mechanisms by which R-18CP regulates aging.
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CONCLUSION

The present study has demonstrated that R-18CP is a
promising candidate for anti-aging research, potentially
exerting its effects through telomere protection and

improved mitochondrial function.
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