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Sentophagy Formula, increases autophagy and mitophagy. Includes
phytotherapeutic extracts of: Taraxacum officinale, Camellia sinensis, Berberis
vulgaris, Curcuma longa, and Cinnamomum verum. Biological Actions, Molecular
Mechanisms, and Their Effects.
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Sentophagy Formula is a senolytic formulation of five (5) plant species known to induce
autophagy and mitophagy, including Taraxacum officinale, Camellia senensis, Curcuma longa,
Berberis vulgaris and Cinnamomum verum. This formula is a synergistic herbal analog providing

senolytic cellular support, increasing the efficiency of autophagy and mitophagy.

Cellular Senescence

Cellular senescence is a permanent state of
cell cycle arrest induced by cellular stresses.
When the cell is in senescence, its protein
expression profile usually changes. When
DNA damage occurs, the cell cycle promoter
gene is down-regulated, and the cell cycle
inhibitory gene is up-regulated, and cells are
induced to block and lead in through different
signaling pathways.
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Flgure 1. Structure changes of cell senescence

Cellular senescence provides sufficient time
for DNA damage repair to maintain the
stability of the cell's genome. Cellular
senescence requires signal transduction.
When the phenotype associated with cell
senescence occurs, such as growth arrest, and
formation of senescence-associated

heterochromatin sites, the maintenance of the
pathway is no longer required.

Senescence During the Aging Process
During the aging process, senescent cells
(SCs) increasingly accumulate in tissues,
causing a loss of tissue-repair capacity
because of cell cycle arrest in progenitor cells
and produce proinflammatory molecules
which are known as the senescence-
associated secretory phenotype (SASP)
which contribute to the development of
various age-related diseases.

Pathway regulation

The process of cellular senescence can be
regulated by various factors and pathways in
the cellular senescence signaling pathway.
Cell senescence is similar to the state of cell
cycle arrest, and the difference is that
senescent tumor cells do not have activation
of the apoptotic pathway.

The Function of Cell Autophagy

Autophagy is a fundamental biological
process by removing damaged organelles,
but disordered autophagy is involved in a
variety of diseases including
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neurodegeneration and microbial infection.
Autophagy is activated in response to adverse
environmental conditions such as the
deprivation of nutrients, hypoxia, pathogen
infection, radiation and oxidative stress as a
survival mechanism. This process plays a
role in cellular homeostasis, development,
and longevity and has many effects on
cellular ~ renovation.  Autophagy can
contribute to whole-body rejuvenation and is
considered a physiologic cytoprotective or
pro-survival mechanism. Completely
uncontrolled or excessive autophagy has
been associated with cell death. Defective
autophagy has been linked to aging and
neurodegenerative disorders.

Autophagy is an evolutionary conserved
catabolic process used by eukaryotic cells for
the degradation of damaged or superfluous
proteins and organelles. There are roughly
three main forms of autophagy: Macro-
autophagy is the major type of autophagy. It
involves the sequestering of cellular
constituents in double-membrane vesicles
(autophagosomes) and subsequent delivery
to lysosomes for degradation. It can be
nonselective or selective. Nonselective
autophagy is used for the turnover of bulk
cytoplasm under starvation conditions.
Selective autophagy targets damaged or
superfluous  mitochondria  (mitophagy),
peroxisomes (pexophagy), lipid droplets
(lipophagy) and microbes (xenophagy).
Micro-autophagy is the second type of
autophagy. The lysosome itself engulfs small
components of the cytoplasm by inward
invagination of the lysosomal membrane.
Chaperone-mediated autophagy does not
involve membrane reorganization, instead,
substrate proteins directly translocate across
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the lysosomal membrane during chaperone-
mediated autophagy.

Mitophagy

Mitophagy is an essential catabolic pathway
by which cytoplasmic materials are delivered
to and degraded in the mitochondrial
lysosome. This highly regulated pathway is
physiologically essential, ensuring nutrient
recycling, and cellular and organismal
homeostasis during stress. It is activated by
various endogenous and exogenous stimuli.
Mitophagy is required to allow sessile
organisms to cope with biotic or abiotic stress
conditions. Defective mitophagy has been
associated with aging and neuronal
degeneration disorders.

Senolytic drugs

Senolytic drugs are agents that selectively
induce apoptosis of senescent cells. These
cells accumulate in many tissues with aging
and at sites of pathology in multiple chronic
diseases. Targeting senescent cells using
genetic, pharmacological, or herbal plant-
based approaches delays, prevents, or
alleviates multiple age-related phenotypes,
chronic diseases, geriatric syndromes, and
loss of physiological resilience. Among the
chronic conditions successfully treated by
depleting senescent cells are frailty, cardiac
dysfunction, diabetes, liver steatosis,
osteoporosis, vertebral disk degeneration,
and pulmonary fibrosis. Genetic evidence has
demonstrated that clearance of SCs can delay
aging and extend healthspan. Senolytics have
been developed to treat various age-related
diseases. Natural compounds have been
discovered to be effective senolytic agents,
such as quercetin, fisetin, spermidine, and
curcumin.
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Active Herbal Ingredients

Taraxacum officinale, A source of the autophagy inducing flavonoids quercetin, luteolin,
apigenin, and luteolin-7-glucoside Extracts have anti-influenza, anti-retrovirus activity,
antioxidant and hepatoprotective effects. Ethanol extracts reduce inflammation and inhibit
angiogenesis. Dandelion contains sesquiterpene lactones (believed to have anti-inflammatory and
anti-cancer effects).

Camellia sinensis, A source of the autophagy inducing polyamine Spermidine. Camellia sinensis
has diverse pharmacological activities, including anti-hyperglycemia, antioxidative, anti-obesity
and antitumor activities. the major theaflavins in black tea are theaflavin (TF1), theaflavin-3-
gallate (TF2A), theaflavin-3'-gallate (TF2B) and theaflavin-3,3'-digallate (TF3) Cs also has a
beneficial effect on immunomodulatory activity that is attributed to dietary fibers and specific
polyphenols. The polyphenolic compounds in tea demonstrate potential antitumor and anti-oxidant
effects in various cancer cell lines, including gastric, colon, and lung.

Berberis vulgaris, Berberine, a major isoquinoline alkaloid present in Berberis vulgaris, is a
potent inhibitor of inflammation and has shown anti-diabetic activity. Type 2 diabetes and obesity
are rapidly becoming a worldwide epidemic and they are associated with the development of
insulin resistance. Insulin resistance is believed to be an underlying feature of type 2 diabetes and
metabolic syndrome. Berberine has a wide range of pharmacologic actions, such as antidiarrheic,
anticancer, and antiinflammation. It has been used for the treatment of infective and inflammatory
disorders. It improves insulin resistance, lowers blood sugar, and treats lipid metabolism disorders
by activating the AMP activated protein kinase (AMPK) pathways. Berberine inhibits gene
expression of proinflammatory cytokines in adipose tissue of obese mice and suppresses
inflammatory response through AMPK activation in macrophages, while demonstrating its anti-
inflammatory potency.

Curcuma longa, or Turmeric root, and it's curcuminoid constituents have demonstrated properties
consistent with decreases in inflammatory stress signaling and increases in protective signaling.
Curcumin is known to have anti-aging, anti-oxidant, anti-inflammatory, anti-arthritic, and anti-
cancer effects and increases BDNF while having a positive effect on Alzheimer's disease and
depression. It is also anti-rheumatic, and anti-microbial.

Cinnamomum verum,Cinnamon health benefits are attributed to its content of a few specific types
of antioxidants, including polyphenols, phenolic acid, and flavonoids. These compounds work to
fight oxidative stress in the body and aid in the prevention of chronic disease. the effects of
cinnamon on life span implicated major longevity pathways. These include the DAF-16
transcription factor in the insulin signaling pathway, which promotes the expression of stress
resistance and the longevity genes. Cinnamon activates the insulin signaling pathway, anti-
oxidative pathway and serotonin signaling for its lifespan prolonging effect.
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ARTICLE INFO ABSTRACT

Keywords:

Cellular senescence is a hallmark of aging, it is a permanent state of cell cycle arrest induced by cellular stresses.

Aging During the aging process, senescent cells (SCs) increasingly accumulate in tissues, causing a loss of tissue-repair

Cellular senescence
Natural compounds
Senolytic agent

capacity because of cell cycle arrest in progenitor cells and produce proinflammatory and matrix-degrading
molecules which are known as the senescence-associated secretory phenotype (SASP), and thereby contribute to
the development of various age-related diseases. Genetic evidence has demonstrated that clearance of SCs can

delay aging and extend healthspan. Senolytics, small molecules that can selectively kill SCs, have been devel-
oped to treat various age-related diseases. In recent years, emerging natural compounds have been discovered to
be effective senolytic agents, such as quercetin, fisetin, piperlongumine and the curcumin analog. Some of the
compounds have been validated in animal models and have great potential to be pushed to clinical applications.
In this review, we will discuss cellular senescence and its potential as a target for treating age-related diseases,
and summarize the known natural compounds as senolytic agents and their applications.

1. Introduction

Aging is an irreversible process characterized by a progressive loss
of physiological integrity, causing impaired function and increased
vulnerability to death (L6pez-Otin et al., 2013). It has been shown to be
the primary risk factor for major age-related diseases, such as cancer,
diabetes, cardiovascular disorders, and neurodegenerative diseases. The
hallmarks of aging, such as cellular senescence, genomic instability,
telomere attrition, epigenetic alterations, and mitochondrial dysfunc-
tion, have been described previously (Lopez-Otin et al., 2013). Accu-
mulating evidence suggests that targeting some of the aging hallmarks,
for example, cellular senescence, can significantly improve human
health and extend healthspan (Childs et al., 2017; He and Sharpless,
2017; Kirkland and Tchkonia, 2017; Naylor et al., 2013; Niedernhofer
and Robbins, 2018).

Cellular senescence is a phenomenon where normal cells stop di-
viding. Senescent cells (SCs) accumulate in various tissues during the
aging process. On one hand, cellular senescence blocks the propagation
of damaged cells in order to maintain tissue homeostasis (Demaria

* Corresponding authors.

et al., 2014). On the other hand, it plays a causative role in irreparable,
deleterious cellular damage and loss of tissue homeostasis, which re-
lates to aging and aging-associated diseases (Campisi and d’Adda di
Fagagna, 2007). Accumulating evidence demonstrates that elimination
of SCs can reduce age-dependent deterioration in tissues and organs,
which is useful in improving the treatment of age-associated diseases
and alleviating the side effects of therapy-induced senescence (Baker
et al., 2011; Campisi and d’Adda di Fagagna, 2007; Childs et al., 2015;
He and Sharpless, 2017; Kirkland and Tchkonia, 2017; Naylor et al.,
2013; Niedernhofer and Robbins, 2018).

Small molecules that can selectively kill SCs, called senolytics, have
the potential to both prevent and treat age-related diseases, thereby
extending healthspan. Until now, several classes of senolytic agents,
including natural compounds such as quercetin (Geng et al., 2018;
Hwang et al., 2018; Zhu et al., 2015), fisetin (Yousefzadeh et al., 2018),
piperlongumine (Wang et al., 2016b; Zhang et al., 2018), and curcumin
analog EF24 (Li et al., 2019), and targeted therapeutics, which are
mainly senolytic target inhibitors, have been identified. Compared to
the targeted senolytics, natural senolytic compounds are less potent, but
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Epigenetic clock analyses of cellular senescence and ageing
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ABSTRACT

A confounding aspect of biological ageing is the nature and role of senescent
cells. It is unclear whether the three major types of cellular senescence, namely
replicative senescence, oncogene-induced senescence and DNA damage-induced
senescence are descriptions of the same phenomenon instigated by different sources,
or if each of these is distinct, and how they are associated with ageing. Recently,
we devised an epigenetic clock with unprecedented accuracy and precision based on
very specific DNA methylation changes that occur in function of age. Using primary
cells, telomerase-expressing cells and oncogene-expressing cells of the same genetic
background, we show that induction of replicative senescence (RS) and oncogene-
induced senescence (OIS) are accompanied by ageing of the cell. However, senescence
induced by DNA damage is not, even though RS and OIS activate the cellular DNA
damage response pathway, highlighting the independence of senescence from cellular
ageing. Consistent with this, we observed that telomerase-immortalised cells aged in
culture without having been treated with any senescence inducers or DNA-damaging
agents, re-affirming the independence of the process of ageing from telomeres and
senescence. Collectively, our results reveal that cellular ageing is distinct from cellular
senescence and independent of DNA damage response and telomere length.

Accepted: January 30, 2016

INTRODUCTION While this model is plausible and supported by strong
circumstantial evidence, it is presently difficult to prove

While ageing at the level of the organism is obvious or refute directly, not least because the identification

and easily understood, the biological aspect of ageing is
far from clear. Even the definition of ageing is not self-
evident. It is reasonable to consider ageing as a natural
biological process that in time, leads to the eventual failure
of organs, as it is this that gives rise to the phenotypic
features of ageing; from the benign, such as thinning of the
skin and greying of the hair, to the pathological, such as
cataracts and cardiovascular disease. Understanding why
tissues and cells function sub-optimally and eventually fail
in time, will greatly aid our understanding of ageing.

One model of ageing posits that the failure of tissues
to function properly is due to the depletion of stem cells
[1]. Stem cells, which are the reservoir cells of tissues,
may have finite capacities of proliferation such as being
limited by the lengths of their telomeres. Their eventual
depletion leads to the deficit of properly functioning
cells, causing phenotypic changes that constitute ageing.

of specific tissue stem cells is difficult. Similarly, the
association between telomere length and ageing, although
widely reported, is not without inconsistencies [2-4].
There is however, another model of ageing which
is based on the observation that the number of senescent
cells in the body increases in function of organism age
[5-7]. While this could be interpreted to mean that
senescent cells cause ageing, it could also equally mean
that senescent cells are a consequence of ageing. In this
regard, it is noteworthy that there is increasing evidence
to demonstrate that senescent cells are not benign. Instead
they secrete bio-chemicals that are detrimental to normal
functioning of neighbouring cells. The senescence-
associated secretory phenotype (SASP) proteins include
cytokine, chemokines and proteases [8, 9] and their
paracrine activities are very diverse and include oncogenic
characteristics that stimulate cellular proliferation and

www.impactjournals.com/oncotarget
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Macroautophagy is a cellular catabolic process that involves the sequestration of cyto-
plasmic constituents into double-membrane vesicles known as autophagosomes, which
subsequently fuse with lysosomes, where they deliver their cargo for degradation. The
main physiological role of autophagy is to recycle intracellular components, under condi-
tions of nutrient deprivation, so as to supply cells with vital materials and energy. Selective
autophagy also takes place in nutrient-rich conditions to rid the cell of damaged organelles or
protein aggregates that would otherwise compromise cell viability. Mitophagy is a selec-
tive type of autophagy, whereby damaged or superfluous mitochondria are eliminated
to maintain proper mitochondrial numbers and quality control. While mitophagy shares
key regulatory factors with the general macroautophagy pathway, it also involves distinct
steps, specific for mitochondrial elimination. Recent findings indicate that parkin and the
phosphatase and tensin homolog-induced putative kinase protein 1 (PINK1), which have
been implicated in the pathogenesis of neurodegenerative diseases such as Parkinson’s
disease, also regulate mitophagy and function to maintain mitochondrial homeostasis.
Here, we survey the molecular mechanisms that govern the process of mitophagy and dis-
cuss its involvement in the onset and progression of neurodegenerative diseases during

aging.

Key : aging,

INTRODUCTION

Macroautophagy (henceforth referred to as autophagy) is a high-
regulated catabolic process responsible for the lysosomal degra-
dation of cytoplasmic constituents. The main characteristic of
the autophagic pathway is the formation of a double-membrane
structure known as autophagosome, which engulfs cytoplasmic
cargo and delivers it to lysosomes for degradation (Klionsky,
2007). In direct correlation with the large variety of autophagy
substrates, including cytoplasmic proteins, ribosomes, organelles,
bacteria and viruses, autophagy defects have been associated
with a wide range of human disorders, such as cancer, autoim-
mune and neurodegenerative diseases (Mizushima etal., 2008).
The main physiological role of autophagy is to supply the cell
with essential materials and energy by recycling intracellular
components, under conditions of nutrient deprivation when
nutrients cannot be obtained from the extracellular environment.
Selective types of autophagy, including pexophagy (Sakai etal.,
2006), ribophagy (Kraft etal., 2008), ER-phagy (Bernales etal.,
2007), protein selective chaperone-mediated autophagy (Cuervo
etal,, 2004), nucleophagy (Mijaljica etal., 2010), mitochon-
drial autophagy (mitophagy; Lemasters, 2005) take place under
nutrient-rich conditions to rid the cell of damaged organelles
or protein aggregates that would otherwise compromise cell
viability.

Mitochondria are double-membrane-bound organelles, essen-
tial for energy production and cellular homeostasis in eukaryotic
cells. In addition, mitochondria have vital roles in calcium sig-
naling and storage, metabolite synthesis, and apoptosis (Kroemer
etal,, 2007). Thus, mitochondrial biogenesis, as well as, elim-
ination of damaged and superfluous mitochondria are highly

neuron,

y i parkin, PINK1

regulated processes. Mitophagy is a selective type of autophagy
that mediates the removal of mitochondria. Through mitophagy
cells regulate mitochondrial number in response to their metabolic
state and also implement a quality control system for proper elim-
ination of damaged mitochondria. The process of mitophagy is
highly regulated and conserved from yeast to mammals (Table 1).
While mitophagy shares key regulatory factors with the general
autophagy pathway, it also involves distinct steps, specific for
mitochondrial elimination. Studies in yeast identified specific
genes that are required for mitophagy, but not for other types
of autophagy (Kanki etal., 2009a; Kanki and Klionsky, 2010),
demonstrating the selective regulation of this process. Despite the
fact that the actual selection of mitochondria for degradation is a
still obscure part of the process, recent studies shed light on the
mechanisms that govern mitophagy and regulate removal of mito-
chondria during developmental processes or upon mitochondrial
damage. In this review, we survey the molecular mechanisms that
mediate mitophagy and also highlight how defects in this process
may contribute to the onset and progression of neurodegenerative
diseases during aging.

MOLECULAR MECHANISMS OF MITOPHAGY

The molecular mechanisms of mitophagy were studied in the
yeast Saccharomyces cerevisiae. The yeast uthl gene encodes a
Sad1p/UNC-84 (SUN)-domain protein that is located in the
outer mitochondrial membrane and is essential for the specific
autophagic elimination of mitochondria upon nitrogen starvation
or rapamycin treatment, without influencing general autophagy
(Kissova etal., 2004). The protein Aupl, a member of pro-
tein phosphatase 2C (PP2C) superfamily that is located in the
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Abstract: Although autophagy has widely been conceived as a self-destructive mechanism that causes cell death,
accumulating evidence suggests that autophagy usually mediates cytoprotection, thereby avoiding the apoptotic or
necrotic demise of stressed cells. Recent evidence produced by our groups demonstrates that autophagy is also involved in
pharmacological manipulations that increase longevity. Exogenous supply of the polyamine spermidine can prolong the
lifespan of (while inducing autophagy in) yeast, nematodes and flies. Similarly, resveratrol can trigger autophagy in cells
from different organisms, extend lifespan in nematodes, and ameliorate the fitness of human cells undergoing metabolic
stress. These beneficial effects are lost when essential autophagy modulators are genetically or pharmacologically
inactivated, indicating that autophagy is required for the cytoprotective and/or anti-aging effects of spermidine and
resveratrol. Genetic and functional studies indicate that spermidine inhibits histone acetylases, while resveratrol activates
the histone deacetylase Sirtuin 1 to confer cytoprotection/longevity. Although it remains elusive whether the same
histones (or perhaps other nuclear or cytoplasmic proteins) act as the downstream targets of spermidine and resveratrol,
these results point to an essential role of protein hypoacetylation in autophagy control and in the regulation of longevity.

www.impactaging.com 961 AGING, December 2009, Vol.1 No.12
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Abstract

Background: Spermidine, a naturally occurring polyamine,
has recently emerged as exhibiting anti-aging properties. Its
supplementation increases lifespan and resistance to stress,
and decreases the occurrence of age-related pathology and
loss of locomotor ability. Its mechanisms of action are just
beginning to be understood. Objectives: An up-to-date
overview of the so far identified mechanisms of action of
spermidine and other polyamines on aging is presented.
Methods: Studies of aging and of the molecular effects of
polyamines in general and spermidine in particular are used
to synthesize our knowledge on what molecular mecha-
nisms spermidine and other polyamines trigger to positively
affect aging. Results: Autophagy is the main mechanism of
action of spermidine at the molecular level. However, recent
research shows that spermidine can act via other mecha-
nisms, namely inflammation reduction, lipid metabolism
and regulation of cell growth, proliferation and death. It is
suggested that the main pathway used by spermidine to

trigger its effects is the MAPK pathway. Conclusions: Given
that polyamines can interact with many molecules, it is not
surprising that they affect aging via several mechanisms.
Many of these mechanisms discovered so far have already
been linked with aging and by acting on all of these mecha-
nisms, polyamines may be strong regulators of aging.

©2014 S. Karger AG, Basel

Introduction

Aging is a multifaceted process, probably caused by a
myriad of interacting factors and with consequences at all
levels of the organism. Research into the subject has re-
vealed that factors leading to aging are as varied as sus-
tained exposure to cellular stress, chronic inflammation,
dysregulation of lipid metabolism, autophagy and cell
survival and death. These factors will impinge upon each
other in complex interactions. Effective interventions
against aging will need to be able to impact as many as
possible of the factors causing aging and their interac-
tions. Dietary restriction may be one such intervention
with its wide-ranging effects. Polyamines, especially sper-
midine, have also emerged as strong potential candidates
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Abstract: Accumulated evidence indicates that autophagy is a response of cancer cells to various
anti-cancer therapies. Autophagy is designated as programmed cell death type II, and is characterized
by the formation of autophagic vacuoles in the cytoplasm. Numerous herbs, including Chinese herbs,
have been applied to cancer treatments as complementary and alternative medicines, supplements,
or nutraceuticals to dampen the side or adverse effects of chemotherapy drugs. Moreover, the
tumor suppressive actions of herbs and natural products induced autophagy that may lead to cell
senescence, increase apoptosis-independent cell death or complement apoptotic processes. Hereby,
the underlying mechanisms of natural autophagy inducers are cautiously reviewed in this article.
Additionally, three natural compounds—curcumin, 16-hydroxycleroda-3,13-dien-15,16-olide, and
prodigiosin—are presented as candidates for autophagy inducers that can trigger cell death in a
supplement or alternative medicine for cancer therapy. Despite recent advancements in therapeutic
drugs or agents of natural products in several cancers, it warrants further investigation in preclinical
and clinical studies.

Keywords: autophagy inducer; autophagy inhibitor; natural compound; cancer therapy

1. Introduction

Cancer is a group of diseases involving out-of-control of cell growth due to the accumulation of
defects, or mutations, in their DNA and with an impendence to invade or spread to other parts of the
body [1]. In 2015, about 90.5 million people were diagnosed with cancer [2]. About 14.1 million new
cases occur each year (not including skin cancer other than melanoma) [3]. Consequently, it causes
about 8.8 million (15.7%) human deaths [4]. Anti-cancer drugs including 5-fluorouracil (5-FU), cisplatin,
etoposide, paclitaxel, and doxorubicin are commonly used to treat various cancers, such as cisplatin and
doxorubicin in ovarian cancer, 5-FU in colon and gastric cancer, paclitaxel and doxorubicin in breast
cancer, and etoposide in small-cell lung cancer. However, these chemotherapeutic agents have evident
side effects such as nausea, vomiting, loss of appetite, decreased immunity, oral ulcers, and other
adverse effects [5]. In general, the anti-cancer drugs, such as cisplatin and doxorubicin favor abnormal
triggering via programmed cell death (PCD) such as apoptosis, necrosis, necroptosis, and autophagy
in normal cells as well as abolishing inflammation of damaged cells. Remarkably, apoptosis and

Int. J. Mol. Sci. 2017, 18, 1412; d0i:10.3390/1jms18071412 www.mdpi.com/journal/ijms
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Abstract

Ageing results from complex genetically and epigenetically programmed processes that are
elicited in part by noxious or stressful events that cause programmed cell death. Here, we report
that administration of spermidine, a natural polyamine whose intracellular concentration declines
during human ageing, markedly extended the lifespan of yeast, flies and worms, and human
immune cells. In addition, spermidine administration potently inhibited oxidative stress in ageing
mice. In ageing yeast, spermidine treatment triggered epigenetic deacetylation of histone H3
through inhibition of histone acetyltransferases (HAT), suppressing oxidative stress and
necrosis. Conversely, depletion of endogenous polyamines led to hyperacetylation, generation
of reactive oxygen species, early necrotic death and decreased lifespan. The altered acetylation
status of the chromatin led to significant upregulation of various autophagy-related transcripts,
triggering autophagy in yeast, flies, worms and human cells. Finally, we found that enhanced
autophagy is crucial for polyamine-induced suppression of necrosis and enhanced longevity.

Comment in
Spermidine surprise for a long life. [Nat Cell Biol. 2009]

PMID: 19801973 DOI: 10.1038/ncb1975
[Indexed for MEDLINE]

Publication type, MeSH terms, Substances, Grant support

LinkOut - more resources

https://www.ncbi.nlm.nih.gov/pubmed/19801973

11



\

EXteﬂded|Longevity «A&

ONCOLOGY REPORTS 30: 763-772, 2013
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Abstract. Cancer of the prostate gland is the most common
invasive malignancy and the second leading cause of cancer-
related death in human males. Many studies have shown
that black tea reduces the risk of several types of cancer. We
studied the effects of active extracts of black tea and the black
tea polyphenols theaflavins (TFs), on the cellular prolifera-
tion and mitochondria of the human prostate cancer cell line
PC-3. Our studies revealed that Yinghong black tea extracts
(YBT), Assam black tea extracts (ABT) and TFs inhibited
cell proliferation in a dose-dependent manner. We also
showed that TFs, YBT and ABT affected the morphology of
PC-3 cells and induced apoptosis or even necrosis in PC-3
cells. In addition, it was observed that the samples signifi-
cantly caused loss of the mitochondrial membrane potential,
release of cytochrome ¢ from the intermembrane space into
the cytosol, decrease of the ATP content and activation of
caspase-3 compared with the control. Taken together, these
findings suggest that black tea could act as an effective
anti-proliferative agent in PC-3 cells, and TFs, YBT and
ABT induced apoptosis of PC-3 cells through mitochondrial
dysfunction.

Introduction

Tea, one of the most widely consumed beverages in the
world, has diverse pharmacological activities, including
anti-hyperglycemia, antioxidative, anti-obesity and antitumor
activities (1-4). Green tea, consumed at high levels in Asian
countries, and black tea, consumed primarily in Western
countries, are derived from leaves of Camellia sinensis (5).

Correspondence to: Professor Dong Chen or Professor Chaoyi Zhao,
Drink Plant Research Institute/Tea Research Center, Guangdong
Academy of Agricultural Sciences, Guangzhou, Guangdong 510640,
PR. China

E-mail: chendong1113@sohu.com

E-mail: zhaochaoyi_66@sina.com

Key words: theaflavins, black tea, PC-3 cells, mitochondria,
cytochrome ¢
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During the past decades, numerous in vitro and in vivo studies
have showed the possible protective effects of tea and tea poly-
phenols on cancer and other diseases (6-8). Catechins are the
most abundant polyphenol in green tea, whereas the typical
pigments in black tea are formed from catechin oxidation
during fermentation which includes theaflavins, thearubigins
and theabrownins (9). Among them, the major theaflavins in
black tea are theaflavin (TF1), theaflavin-3-gallate (TF2A),
theaflavin-3'-gallate (TF2B) and theaflavin-3,3'-digallate
(TF3) (Fig. 1). Therefore, the monomeric polyphenol content
of black tea is low. However, it is not diminished for black
tea during partial polymerization or other alterations in the
fermentation of tea leaves (10), as it was proved that TF3
showed higher antioxidative activity than EGCG (11).

Apoptosis can occur via the mitochondria. The
mitochondria is essential for energy production, and is
involved in reactive oxygen species (ROS) generation and
induction of apoptosis (12). In most tissues, the mitochondria
accounts for the generation of ~90% of the ATP needed
by the cells (13). Mitochondrial dysfunction causes
permeabilization of the outer mitochondrial membrane (14)
and then leads to the release of the intermembrane space
proteins such as cytochrome ¢, which ultimately triggers
apoptotic cell death (15). Therefore, the mitochondrial
permeability transition event could serve as an early
indicator of the initiation of apoptosis. This mitochondrial
permeability transition process results in the collapse of the
electrochemical gradient across mitochondrial membrane
and thus could be measured by noting the changes of the
mitochondrial membrane potential (14).

Prostate cancer is one of the leading causes of human
male deaths throughout the world (16). It is a group of
cancerous cells (a malignant tumor) that grow mostly from
the outer part of the prostate (17). In our previous study, we
evaluated time- and dose-dependent cytotoxicity of EGCG
and Zn** on PC-3 cells by the MTT assay (18). Whereas, in
another study, we found that EGCG, Zn?** and EGCG+Zn**
induced apoptosis or even necrosis of PC-3 cells through the
mitochondria-mediated pathway, and free Zn** enhanced the
effects of EGCG on PC-3 cells due to its interactions with
mitochondria (19). In the present study, we investigated
effects of black tea extracts on the viability and morphology
of PC-3 cells, the functions of mitochondria of PC-3 cells,
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