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Abstract—Advancements in biotechnology has dramatically improved the screening of anti-aging drugs. A number of drugs have been reported
to extend life span based on animal and or human clinical study. Approaches like reverse cellular aging, antioxidant, and various drug’s
mechanisms are proposed. The success of an anti-aging drug application relies not only on the early stages of drug screening and preclinical
studies but also PK/PD prediction prior to the clinical study. In drug dosage design, the oral formulation is still the most commonly needed due
to its convenience in administration. In addition, to improve the development of anti-aging oral formulation, an alternative method using FDA
approved drugs PK database and PAMPA Dissolution was also proposed for formulation development.

Keywords— Area Under Curve, In vitro to in vivo correlation, Maximum plasma concentration, Parallel Artificial Membrane Permeability
Assay, Administration Distribution Metabolism and Excretion, New Chemical Entity, Pharmacokinetics and Pharmacodynamics.

l. INTRODUCTION

umanity has been looking for the solutions of anti-

aging for more than thousands of years. Not until

recently, a number of interventions have been
developed to overcome aging problems. Several reasons could
be attributed to the development of anti-aging intervention: (a)
aging related diseases has been a public health issue. (b) a
healthy life is the general public interest especially after
retirement. (c) the need for continuation and advancement in
the scientific research. All these reasons have led to the strong
development of anti-aging interventions in the past decade.
Several noticeable research of interventions are: (1) reverse
cellular aging by mix cocktails of chemicals, (2) anti-oxidants
of glycine and n-acetyl cysteine (GlyNac), (3) through mTor
and Sirtuinl expression for metformin, (4) unknown pathway
of rapamycin, (5) anti-oxidant of resveratrol, (6) increase
NAD+ producing via NMN, (7) fasting and exercise. This
review addresses details of these intervention mechanisms and
their oral formulation.

Furthermore, oral formulation is usually preferred due to its
convenience in both carrying and administration. However,
the complexity in the oral drugs® ADME (absorption,
distribution, metabolism, and excretion) processes makes drug
formulation difficult to design. Currently, there are various
ADME simulation software available to help oral drug
formulation design. Traditionally, the in vitro dissolution
experiments were used to examine the performance of an oral
drug formulation.

However, an alternative method that can be used to improve
IVIVC (in vitro to in vivo correlation) for oral drug prediction
is Parallel Artificial Membrane Permeability Assay (PAMPA)
(1), which uses a chemically-based membrane instead of alive
cells but has been proven to be able to accurately mimic the
human small intestine (Figure 1) (2) is an instrument that
combines dissolution and permeation in a way that closely
simulates in vivo conditions. It measures the two necessary
parameters—dissolution and permeation—for finding oral
drug absorption via previously validated (3) equation F (drug
absorbed) = Cbh*Pe*Area and produces real-time graphs for
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dissolution and permeation. These graphs enable the
calculation of Area Under Curve (AUC) and maximum
plasma concentration (Cmax) values, which aid in predicting
NDA formulation with respect to the RLD (Reference Listed
Drugs) that share similar PK parameters to NCE. Such a
PAMPA dissolution apparatus may also help designing the
anti-aging drug formulation.
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Clinical PAD (Pharmaceutical Active Dose) Estimation

Currently, the clinical PAD estimation is required per FDA
requirements. It could usually be estimated via ADME
software prediction; however, an alternative PAD estimation
for oral drugs formulation could also be estimated using FDA
approved drugs PK database and PAMPA dissolution from J.
Chou (2).
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Fig. 1. PAMPA Dissolution apparatus

Il.  MATERIALS AND METHODS

1l.
This review discuss the details of these anti-aging drugs.

RESULTS AND DISCUSSION

A. Reverse Cellular Aging

A chemical process is invented by J. H. Yang et. al. (4) to
reverse a loss of epigenetic information in cellular aging.
High-throughput cell-based assays are developed to
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distinguish young from old and senescent cells, including
transcription-based aging clocks and a real-time
nucleocytoplasmic compartmentalization (NCC) assay. There
are six chemical cocktails found that, without changing
cellular identity, restores a youthful genome-wide transcript
profile and reverse transcriptomic age. Data is shown in
Figure 2.
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Fig. 2. Reprogramming small molecule cocktails restore NCC alterations in
senescent cells. (A) Chemical structures of small molecules of basal cocktails
used to generate induced pluripotent stem cells (iPSCs) from mouse (left) or
human (right) somatic cells. (B) Correlation heatmaps showing eGFP and
mCherry colocalization in human senescent fibroblasts demonstrate the effects
of 80 different combinations of small molecules (n=2). (C, D) Validation of
six selected cocktails through independent experiments, showing
colocalization (C) and representative images (D) of eGFP and mCherry
signals. Scale bar, 50 pm. Data are mean + SD. *p < 0.05; **p < 0.01; ****p
< 0.0001. One-way ANOVA-Bonferroni.
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B. Glycine and N-Acetyl Cysteine (GlyNac)

In the cell’s energy generation, mitochondria produces
harmful reactive oxygen species (ROS) that induce oxidative
stress (OxS). To prevent OxS, mitochondria needs
antioxidants for protection, and glutathione (GSH) is the most
abundant intracellular antioxidant. Acute depletion of
intracellular GSH concentrations at age beyond 50 results in
mitochondrial injury or irreversible cell damage. In the pilot
study performed by R.V. Sekhar (5), it suggest that
supplementing GlyNac in patients with T2D could improve
defects in mitochondrial function, lower insulin resistance and
circulating plasma fatty-acid concentrations. Data from this
study is shown in Figure 3.
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Fig. 3. GlyNac supplementation improves impaired mitochondrial fuel
oxidation with T2D. T2D = type 2 diabetes; MFO = mitochondrial fatty-acid
oxidation; MGO = mitochondrial glucose oxidation; T2D-Ow = T2D patients
before GlyNac supplementation; T2D patients 2-weeks after GlyNac
supplementation.

A further placebo controlled study from P. Kumar et. al. (6)
has pointed out that GlyNac supplement can significantly
improve aging related biomarkers hence may lead to longevity
as following:

Elevated oxidative stress (OxS), mitochondrial dysfunction,
and hallmarks of aging are identified as key contributors to
aging, but improving these defects in older adults (OA) is
challenging. In prior studies, the intracellular antioxidant
glutathione (GSH) could play a role and reported that
supplementing GlyNac in aged mice improved GSH
deficiency, OxS, mitochondrial fatty-acid oxidation (MFO),
and insulin resistance (IR). Compared to young adults (YA),
OA had GSH deficiency, OxS, mitochondrial dysfunction,
inflammation, endothelial dysfunction, IR, multiple aging
hallmarks, impaired physical function, increased waist
circumference, and systolic blood pressure. GlyNac
supplementation in OA significantly improved these defects.
Similar positive effects were also observed from our data
collected in Taiwan.

C. Metformin

Recent studies have indicated that blood sugar lowering
drug metformin could extend life span in reducing early
mortality associated with diabetes, including cardiovascular
disease, cognitive decline and cancer. Metformin can improve
health span thereby extending the period of life span in good
health. I. Mohammed et.al. (7) has indicated that the beneficial
effects of metformin on aging and health span are primarily
via its effects on cellular metabolism and result from its anti-
hyperglycemic action, improving insulin sensitivity, reduction
of oxidative stress and protective effects on the endothelium
and vascular function. Potential pathways are indicated in
Figure 4.

However, J. Stevenson-Hoare et al. (8) has pointed out that
after a 20-year long term study of metformin on longevity
between people with type 2 diabetes and matched non-diabetic
controls, metformin therapy showed a benefit over matched
controls in first three years, but this reversed after five years of
treatment.
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Fig. 4. Potential cellular targets for metformin affect healthspan and lifespan.

Therefore, it is suggested that longer study periods are
required for longevity with metformin in future research.
D. Rapamycin

A critical review from Z. D. Sharp et.al. (9) has pointed out
the pros and cons of rapamycin in Figure 5.
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Fig. 5. Aging, represented by the black box, is one of if not the hardest
problems in biology. We do know it causes or at least contributes to a wide
variety of late adult stage diseases. Rapamycin has variable effects on these
diseases. The left panel shows some that it helps (green arrows) and others it

hurts (red arrows). It appears to have both good and (not so) bad effects on the
immune system (gold arrow) and might be better termed an immune
modulator (Kolosova et al., 2013).

W. Palm et al. (10) has also indicated that unrealized side
effects may also emerge, such as the recent discovery that
mTORC1 inhibition can accelerate the growth of solid tumors
in a mouse model of pancreatic cancer by stimulating the
catabolism of extracellular proteins.

E. Resveratrol

A critical review of resveratrol from B. Salehi et. al. (11)
has pointed it out as “A Double-Edged Sword in Health
Benefits” for humanity. As can be seen from Figure 6. that
resveratrol may be used with care for long term purpose.
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Fig. 6. Possible pathways of resveratrol

V. A. Brown et al. (12) has reported that resveratrol
decrease in circulating IGF-1 and IGFBP-3 might contribute to
cancer chemopreventive activity. Similarly, S. Mukherjee et
al. (13) has pointed that at a lower dose, resveratrol can be
very useful in maintaining the human health whereas at a
higher dose, resveratrol has pro-apoptotic actions on healthy
cells, but can kill tumor cells.

F. NMN (Nicotinamide Mononucleotide)

Nicotinamide is converted to NMN, which is then converted
to NAD+ when it enters the body. NAD+ deficiency can lead
to potential health problems, including age-related metabolic
disorders, mental disorders, and neurodegenerative diseases.
Obesity, diabetes, depression, anxiety, Alzheimer's disease
and Parkinson's disease are examples of age-related diseases
that can be linked to NAD+ deficiency. The placebo
controlled clinical study resluts of L. Yi et. al. (14) is shown in
Figure 7.

In conclusion, NMN supplementation had a positive
impact on the physical endurance as demonstrated in the
significant improvement of six-minute walking test, blood
biological age, and SF-36 scores.

However, Y. Fukamizu et al. (15) reported that through
rigorous methods, including a randomized, double-blind,
placebo-controlled design, they found that the effects of oral
administration of B-NMN, particularly at a dose of 1250 mg
once daily for up to 4 weeks, were limited or negligible in
healthy adult men and women. There were no significant
deviations observed in various parameters such as
anthropometry  (measurement of the human body),
hematological (related to blood), biochemical, urine, and body
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composition analyses. This suggests a lack of substantial
impact on these aspects of health.
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Fig. 7. Efficacy of the placebo and three NMN-treated groups, comparisons of
the three treated groups vs. placebo, 600 mg vs. 300 mg, and 900 mg vs. 600
mg on the changes of efficacy (Amean + SEM) from baseline to day 30 and/or
day 60. A Comparisons on the changes of blood NAD concentrations from
baseline to day 30 and day 60. B Comparisons on the changes of 6-minute
walking distances from baseline to day 30 and day 60. C Comparisons on the
changes of blood biological ages from baseline to day 60. D Comparisons on
the changes of HOMA-IR ratio from baseline to day 60. E Comparisons on
the changes of SF-36 scores from baseline to day 30 and day 60.

G. Exercise And Fasting

A comprehensive review of X. Cao et al. (16) has pointed
out how aging, metabolic disease, and exercise are
interconnected, particularly in individuals over 65 years old.
With aging populations and increasing rates of metabolic
disorders, including type 2 diabetes and fatty liver disease,
exercise emerges as a crucial mitigating factor. While research
has focused on how aging affects metabolic function and how
exercise counters these effects, less attention has been given to
how different tissues coordinate during exercise, especially in
older adults. Understanding this coordination is vital as
exercise prompts long-term adaptations that protect against
metabolic diseases. This review aims to explore how exercise
influences skeletal muscle, liver, and adipose tissue
metabolism, ultimately improving metabolic health in older
individuals. A. D. S. Lages et al. (17) presents a graph shows
that exercise has counters aspects of aging such as genomic
instability, telomere attrition, epigenetic alterations, loss of
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proteostasis, dysregulated nutrient sensing, mitochondrial
dysfunction, cellular senescense, and stem cell exhaustion. A.
Rebelo-Marques et al. (18) recommends exercises including
aerobic, muscle strengthening, flexibility, and neuromotor
exercises to reduce the effects of aging. For less fit
individuals, starting with lighter intensity and shorter duration
is advised, gradually progressing as fitness improves.
Supervision by a qualified professional is recommended,
particularly for those with cardiovascular issues. Neuromotor
exercises, focusing on balance and agility, are beneficial for
those at risk of falls or with mobility limitations. Increasing
exercise difficulty over time can be achieved through various
methods such as altering posture, introducing dynamic
movements, targeting postural muscles, and reducing sensory
input.

Intermittent fasting (IF) is a dietary approach that involves
alternating periods of fasting with periods of normal food
intake (e.g., 60% energy restriction on 2 days per week or
every other day). Periodic fasting (PF) is a broader term that
encompasses fasting periods lasting from a few days to several
weeks. One key difference between IF and PF lies in their
potential effects on metabolic health and disease.

In fasting studies, M. P. Mattson at al. (19) have pointed
out that IF (intermittent fasting) has been shown to improve
multiple health indicators, including weight loss, insulin
resistance, and reductions in risk factors for cardiovascular
disease in both animal and human subjects. These effects may
be attributed to the activation of adaptive cellular stress
response signaling pathways, which enhance mitochondrial
health, DNA repair, and autophagy. PF (periodic fasting) with
its longer fasting periods, may have even more profound
effects on health and disease. Studies on animals have
demonstrated that PF can ameliorate various age-related
disorders, including diabetes, cardiovascular disease, cancer,
and neurological disorders such as Alzheimer’s disease,
Parkinson’s disease, and stroke. PF may also promote stem
cell-based regeneration and induce long-lasting metabolic
effects. A. Nencioni et al. (20) have reported that the
relationship between cancer treatment and fasting revolves
around the concept of exploiting the differences in metabolic
vulnerabilities between cancer cells and normal cells. Cancer
cells exhibit a dependency on specific nutrients and metabolic
pathways for their growth and survival. Fasting or fasting-
mimicking diets (FMDs) induce significant alterations in
growth factors and metabolite levels, creating an environment
that is unfavorable for cancer cell adaptation and survival.
This metabolic stress can weaken cancer cells, making them
more susceptible to the effects of conventional cancer
therapies such as chemotherapy and radiation. Furthermore,
fasting or FMDs promote tissue regeneration in normal cells,
which can aid in recovery and mitigate the risk of long-term
complications associated with cancer treatments.

IV. CONCLUSION

PAMPA dissolution may serve as an alternative method to
the PAD estimation prior to the clinical study. Several drugs
and their mechanisms have been proposed to have anti-aging
properties through preclinical and or clinical studies.
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Advancement in biotech has also helped clarifying the relation
of anti-aging and its pathways. In this review, the anti-aging
methods of “GlyNac supplementation” and “Exercise and
Fasting” are favored than others. However, more clinical
studies may be needed to prove the long term safety and
efficacy of these anti-aging drugs. In the coming future, with
the tools of targets and chemical database, Al docking, ADME
simulation, PAMPA Dissolution, and FDA approved drugs PK
database, it could potentially improve oral anti-aging drug
formulation design and its PK prediction.
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