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Thyvolve Formula, is designed for regenerating the Thymus Gland and reversing the age 
dependent process of Thymus involution. It is a synergistic herbal analog formulation of six (6) 
plant extracts including: Selaginella involvens, Pinus sylvestris (Pollen), Curcuma longa, 
Zingiber officinale, Elitaria cardamomum, and Cinnamomum verum. Thyvolve is formulated 
to provide support for the regeneration of the Thymus. 
 
The Thymus Overview 
The deterioration of the immune system with 
progressive aging is believed to contribute to 
morbidity and mortality in elderly humans 
due to the increased incidence of infection, 
autoimmunity, and cancer. The dysregulation 
of T-cell function is thought to play a critical 
part in these processes. One of the 
consequences of an aging immune system is 
the process termed "thymic involution", 
where the thymus undergoes a progressive 
reduction in size due to profound changes in 
its anatomy associated with loss of thymic 
epithelial cells and a decrease in 
thymopoiesis. This decline in the output of 
newly developed T cells results in diminished 
numbers of circulating naıve T cells and 
impaired cell-mediated immunity. This 
'thymic menopause' includes the loss of 
thymic progenitors or epithelial cells, a 
diminished capacity to rearrange T-cell 
receptor genes and alterations in the 
production of growth factors and hormones. 
The thymus undergoes rapid degeneration 
following involution as part of the aging 
process. The thymus is capable of 
regenerating and restoring its function to a 

degree. Potential mechanisms for this 
endogenous thymic regeneration include 
keratinocyte growth factor (KGF) signaling 
and a more recently described pathway in 
which innate lymphoid cells produce 
interleukin-22 (IL-22).  Thymic decline also 
occurs as an inevitable chronic process, in 
which the thymus gland undergoes involution 
with age. Thymic involution differs from 
aging in other organs that cannot be reversed. 
As the primary site of T cell development, the 
thymus plays a key role in the generation of a 
strong adaptive immune response, essential 
in the face of the potential threat from 
pathogens. 
 
T Cells 

T cells (T lymphocytes) derive their names 
from the organs in which they develop in the 
thymus. They arise in the bone marrow but 
migrate to the thymus gland to mature. The 
diverse responses of T cells are collectively 
called cell-mediated immune reactions. This 
is to distinguish them from antibody 
responses, which, of course, also depend on 
cells (B cells). T cells cannot recognize 
antigen alone, as for T cell receptors (TCRs), 
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they can recognize only antigens bound to 
cell-membrane proteins (MHC molecules). 
TCRs have different structures thus they bind 
to different molecular structures and have 
different genetic codes. Like antibody 
responses, T cell responses are exquisitely 
antigen-specific, and they are at least as 
important as antibodies in defending 
vertebrates against infection. Indeed, most 
adaptive immune responses, including 
antibody responses, require helper T cells for 
their initiation. Most importantly, unlike B 
cells, T cells can help eliminate pathogens 
that reside inside host cells.  
 

 
 
Types of T Cells 
T cells can be divided into four main classes:  
1) Cytotoxic T cells directly kill infected cells 
by inducing them to undergo apoptosis, these 
cells like a "killer" or cytotoxin because they 
kill cells of interest that produce a particular 
antigen. The major surface marker of 
cytotoxic T cells is CD8, also known as killer 
T cells.    
2) Helper T cells play an intermediate role in 
the immune response. They proliferate to 
activate B cells to make antibody responses 
and macrophages to destroy microorganisms 
that either invaded the macrophage were 
ingested by it.  Helper T cells also help 
activate cytotoxic T cells to Helper T cells 
themselves but can only function when 

activated to become effector cells. The major 
surface marker of helper T cells is CD4.   
3) Memory T cells consist of both CD4 and 
CD8 T cells that can rapidly acquire effector 
functions to kill infected cells and/or secrete 
inflammatory cytokines that inhibit 
replication of the pathogen. Together with 
memory B cells, lymphocytes that store 
specific antigen messages after antigen 
stimulation have lifespans of up to several 
decades. When they receive the same 
antigenic stimuli as they once again, they can 
proliferate as functional T cells against 
antigen or plasma cells that produce 
antibodies.  
4) Regulatory / suppressor T cells often play 
an important role in maintaining tolerance 
and avoid excessive damage to the body's 
immune response. There are many classes of 
regulatory / suppressor T cells, including 
CD25 and CD4 T cells. They can inhibit T 
cells and B cells to regulate and control the 
immune response and maintain immune self-
stability. 
 
T Cell Differentiation 
In the thymus, developing T cells, known as 
thymocytes, proliferate and differentiate 
along developmental pathways that generate 
functionally distinct subpopulations of 
mature T cells. Aside from being the main 
source of all T cells, it is where T cells 
diversity and then are shaped into an effective 
primary T cell repertoire by an extraordinary 
pair of selection processes. Cell 
differentiation is essential to create multiple 
subsets. Differentiation of naïve T cells into 
effector cells is required for optimal 
protection against different classes of the 
microbial pathogen and the development of 
immune memory. Differentiating cells 
undergo programmed alterations in their 
patterns of gene expression, which are 
regulated by structural changes in chromatin. 
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Differentiation is also directed by instructive 
and licensing signals from the environment, 
especially from antigen-presenting cells 
(APC). These cells gauge the class of the 
ingested microbe and generate signals that 
direct naïve T cells to differentiate into the 
subset that mobilizes the appropriate immune 
defense mechanisms. It is widely believed 
that cytokines are the major drivers of 
differentiation.  
 
Diseases and Treatment of T Cell 
Differentiation 
Helper T (Th) lymphocytes undergo two 
spatially and temporally distinct phases of 
differentiation. Following the first 
developmental phase, which occurs in the 

thymus, a second phase triggered by the 
initial encounter with antigen in the periphery 
leads to the development of effector T helper 
cell subsets displaying mutually exclusive 
patterns of cytokine gene expression. 
Clinically, Th1 patterns of cytokine 
production are associated with inflammation 
and autoimmune disease while Th2 patterns 
are characteristic of allergic responses and 
asthma.  Understanding the complex process 
involved and the interaction between various 
cytokines, chemokines, signaling molecules, 
and pattern-recognition receptors (PRRs) in 
the immune pathways will provide valuable 
information for the development of novel 
therapeutic targets. 
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Active Herbal Ingredients 
 
Selaginella involvens, the water extract of S. involvens showed a positive reaction to glycosides 
and possessed both thymus growth-stimulatory and antioxidant properties. It reverses involution 
of the thymus and exhibits remarkable antioxidant activity.  
 
Pinus sylvestris (Pollen), Pine pollen is a potent source of androgenic substances composed of the 
bioidentical steroid hormone testosterone, along with lesser amounts of other steroids including 
androstenedione, dehydroepiandrosterone (DHEA) and androsterone. Pine pollen also contains 
estrogens including estrone, estriol, and estradiol, as well as progesterone.  
 
Curcuma longa, or Turmeric root, and its 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. 
 
Zingiber officinale, Ginger, is an excellent source of phenolic compounds including gingerols, 
shogaols, paradols, and gingerdiones. Literature has extensively demonstrated that 6-gingerol 
(6G), 8-gingerol (8G), 10-gingerol (10G) and 6-shogaol (6S) collectively referred to as ginger 
phenolics (GPs,), are the most abundant bioactive constituents of whole ginger extract, and exhibit 
anti-proliferative, anti-inflammatory, anti-oxidative and anti-tumor properties. 
 
Elitaria cardamomum, is one of the highest sources of plant-based zinc. Extracts of cardamom 
may be effective against a variety of bacterial strains that contribute to fungal infections. 
 
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 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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Introduction

The thymus is a unique lobulated lymphoid tissue that 
develops as a gland (Bódi et! al. 2015). It is considered a 
primary immune organ in jawed vertebrates, in which it 
plays important roles in the selection, proliferation, devel-
opment and di"erentiation of T cells and provides protec-
tion against infections by various pathogens (Bajoghli and 
Guo 2011; Gameiro et!al. 2010; Liu et!al. 2014). Despite 
its significance in immunity (Miller 2002; Samara et! al. 
2016), the shrinkage of thymus that occurs with aging 
results in a decrease in tissue mass along with architectural 
alterations. In general, almost all vertebrates that possess a 
thymus experience this ancient and conserved evolution-
ary process, termed age-related thymic involution (Shan-
ley et!al. 2009), although the thyme of some shark species 
are reported not to undergo involution (Zakharova 2009). 
However, under certain physiological and pathological situ-
ations, the thymus may abruptly undergo a transient regres-
sion, known as acute thymic involution (ATI) (Shanley 
et! al. 2009). In age-related thymic atrophy, the maximum 
decline in the thymic weight occurs just before the start of 
the mid-phase of life (Aspinall and Andrew 2000), i.e., at 
approximately 30–40 years of age in humans (Bertho et!al. 
1997) and 9–12 months of age in mice (Aspinall 1997). 
After this point, it involutes slowly during further aging 
(Aspinall and Andrew 2000). In contrast, ATI is usually 
seen during gestational (Ekin et! al. 2016; Jacques et! al. 
2014, 2015) and neonatal life (Eriksen et! al. 2014; Nick-
els et!al. 2015; Toti et!al. 2000) in humans. However, ATI 
in experimental animal models has been reported to occur 
not only during gestational periods (Kunzmann et!al. 2010; 
Kuypers et! al. 2012) and neonatal life (Falkenberg et! al. 
2014; Zhou et!al. 2016), but also in adult life stages (Lee 
et!al. 2011; Park et!al. 2007). However, the basic di"erence 

Abstract Acute thymic involution (ATI) is usually 
regarded as a virulence trait. It is caused by several infec-
tious agents (bacteria, viruses, parasites, fungi) and other 
factors, including stress, pregnancy, malnutrition and 
chemotherapy. However, the complex mechanisms that 
operate during ATI di"er substantially from each other 
depending on the causative agent. For instance, a transient 
reduction in the size and weight of the thymus and deple-
tion of populations of T cell subsets are hallmarks of ATI 
in many cases, whereas severe disruption of the anatomical 
structure of the organ is also associated with some factors, 
including fungal, parasitic and viral infections. However, 
growing evidence shows that ATI may be therapeutically 
halted or reversed. In this review, we highlight the current 
progress in this field with respect to numerous pathologi-
cal factors and discuss the possible mechanisms. Moreover, 
these new observations also show that ATI can be mecha-
nistically reversed.

Keywords Acute!· Thymus!· Atrophy!· Thymic 
involution!· Mechanistic recovery
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Emerging strategies to boost thymic function

Georg A. Holländer1, Werner Krenger, PhD1, and Bruce R. Blazar, MD2
1Laboratory of Pediatric Immunology, Center for Biomedicine, Department of Clinical-Biological
Sciences, University of Basel and The University Children’s Hospital (UKBB), Mattenstrasse 28,
4058 Basel, Switzerland
2Cancer Center and the Department of Pediatrics, Division of Blood and Marrow Transplantation,
University of Minnesota, MMC109; 420 Delaware St SE, Minneapolis, MN 55455,USA

Abstract
The thymus constitutes the primary lymphoid organ for the generation of T cells. Its function is
particularly susceptible to various negative influences ranging from age-related involution to
atrophy as a consequence of malnutrition, infection or harmful iatrogenic influences such as
chemotherapy and radiation. The loss of regular thymus function significantly increases the risk
for infections and cancer because of a restricted capacity for immune surveillance. In recent years,
thymus-stimulatory, -regenerative and -protective strategies have been developed to enhance and
repair thymus function in the elderly and in individuals undergoing hematopoietic stem cell
transplantation. These strategies include the use of sex steroid ablation, the administration of
growth and differentiation factors, the inhibition of p53, and the transfer of T cell progenitors to
alleviate the effects of thymus dysfunction and consequent T cell deficiency.

Keywords
thymus

Introduction
The principal function of the immune system is to resist infectious agents and to eliminate
malignantly transformed cells. This challenging task is effected by two closely interacting
defense mechanisms known as the innate and the adaptive immune systems. The innate arm
provides an immediate but generally non-specific protection that is activated by pattern
recognition receptors identifying structural components well conserved among different
pathogens. In contrast, the adaptive arm of the immune response is characterized by antigen-
specificity and immunological memory and is achieved by two interdependent systems:
Antibody-producing B-lymphocytes and the cellular defense of T lymphocytes.

Both lymphoid cell types arise from pluripotent hematopoietic stem cells (HSC) resident in
the bone marrow. In contrast to B cell development that largely takes place in the bone
marrow, T cell maturation requires the specialized microenvironment of the thymus as a site
for lineage commitment and differentiation. The thymus is located in the upper anterior
mediastinum, is structured into an outer cortex and an inner medulla and continuously
generates T cells that are exported to the periphery. Intrathymic T-cell development
constitutes an intricate process of cellular cross-talk where an array of interacting stromal

Corresponding author: Georg A. Holländer, M.D., Laboratory of Pediatric Immunology, Department of Biomedicine, University of
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Summary: The deterioration of the immune system with progressive
aging is believed to contribute to morbidity and mortality in elderly
humans due to the increased incidence of infection, autoimmunity, and
cancer. Dysregulation of T-cell function is thought to play a critical part
in these processes. One of the consequences of an aging immune system
is the process termed thymic involution, where the thymus undergoes a
progressive reduction in size due to profound changes in its anatomy
associated with loss of thymic epithelial cells and a decrease in thymo-
poiesis. This decline in the output of newly developed T cells results in
diminished numbers of circulating naı̈ve T cells and impaired cell-
mediated immunity. A number of theories have been forwarded to
explain this ‘thymic menopause’ including the possible loss of thymic
progenitors or epithelial cells, a diminished capacity to rearrange T-cell
receptor genes and alterations in the production of growth factors and
hormones. Although to date no interventions fully restore thymic func-
tion in the aging host, systemic administration of various cytokines and
hormones or bone marrow transplantation have resulted in increased
thymic activity and T-cell output with age. In this review, we shall
examine the current literature on thymic involution and discuss several
interventional strategies currently being explored to restore thymic func-
tion in elderly subjects.

Introduction

Age-associated alterations in immune function both in

humans and in animals are important to the health of aging

individuals. Older humans are more susceptible to microbial

infections of the urinary and respiratory tracts, soft tissue,

skin, and the abdominal region (1, 2). Moreover, elderly

subjects demonstrate an increased incidence of infectious

endocarditis, meningitis, tuberculosis, and herpes zoster, and

the mortality rates for these diseases in older patients are often

two to three times higher than in younger people with the

same disease (3–6). Additionally, elderly subjects also

demonstrate an increased prevalence of specific cancers and

certain autoimmune diseases (6–9). The increased prevalence

of these conditions and the higher morbidity and mortality

from infections strongly suggest functional defects from a

deteriorating immune system with advancing age (10–16).

Immunological Reviews 2005

Vol. 205: 72–93

Printed in Singapore. All rights reserved

Copyright ! Blackwell Munksgaard 2005

Immunological Reviews
0105-2896
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9/18/2019 Restoring Thymus Function for Enhanced Immune Response | Nutrition Review

https://nutritionreview.org/2013/09/restoring-thymus-function-enhanced-immune-response/ 1/7

Restoring Thymus Function for Enhanced Immune
Response

The key to a healthy, functioning immune system rests with the thymus gland, a small organ

lying just beneath the breastbone. The primary role of the thymus is to assist in the proliferation

and differentiation of mature T-lymphocytes – cells that attack and kill viruses and bacteria. T-

cells (Fig. 1) emerge from the bone marrow in an incomplete state. In order to function properly,

immature T-cells migrate to the thymus gland where they are programmed into mature T-cells

that orchestrate the immune response to attack and destroy invading viruses and cancer cells.

In our early twenties we have an abundance of well-trained, functioning T-cells that regulate the

immune system and help the body fight off pathogens and disease. After about age 20, the

thymus begins to shrink (atrophy) as dying thymic cells are progressively replaced by fat and

connective tissue.

By about age 40, output of thymic hormones has dropped significantly and T-cells have begun to

lose their effectiveness. It is this gradual loss of functioning T-cells that is believed to be

responsible for many of the age-related changes in the immune system that gradually rob the

body of its ability to fight off infectious diseases, autoimmune disorders and cancer.

Antiaging Effects of Vital Cell in Rabbits

To evaluate the effects of Vital Cell on organ health, researchers conducted a two-year trial with

two identical groups of rabbits. One group was treated with Vital Cell daily, and the second,

untreated group served as a control. At the end of the study, the researchers compared the

organs of both test groups of treated and untreated elderly rabbits to those of young, healthy

juvenile rabbits. When examining the treated rabbits the researchers noted that thymus glands

of the old animals receiving Vital Cell retained the structure and functionality of glands normally

seen only in young, health rabbits.

Conversely, the thymus glands of the old, untreated control rabbits were severely atrophied,

weighing less than a third of their normal weight, and consisting primarily of inactive fat and

By  NutritonReview.org  - September 12, 2013
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Thymus: The Next (Re)Generation

Mohammed S. Chaudhry1, Enrico Velardi1, Jarrod A. Dudakov1,3, and Marcel R.M. van den 
Brink1,2,4

1Immunology Program, Memorial Sloan Kettering Cancer Center, New York, NY 10065
2Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY 10065
3Program in Immunology, Clinical Research Division, Fred Hutchinson Cancer Research Center, 
Seattle, WA 98109
4Department of Immunology and Microbial Pathogenesis, Weill Cornell Medical College, New 
York, NY 10021

Summary
As the primary site of T cell development, the thymus plays a key role in the generation of a strong 
yet self-tolerant adaptive immune response, essential in the face of the potential threat from 
pathogens or neoplasia. As the importance of the role of the thymus has grown, so too has the 
understanding that it is extremely sensitive to both acute and chronic injury. The thymus 
undergoes rapid degeneration following a range of toxic insults, and also involutes as part of the 
aging process, albeit at a faster rate than many other tissues. The thymus is, however, capable of 
regenerating, restoring its function to a degree. Potential mechanisms for this endogenous thymic 
regeneration include keratinocyte growth factor (KGF) signaling, and a more recently described 
pathway in which innate lymphoid cells produce interleukin-22 (IL-22) in response to loss of 
double positive thymocytes and upregulation of IL-23 by dendritic cells. Endogenous repair is 
unable to fully restore the thymus, particularly in the aged population, and this paves the way 
towards the need for exogenous strategies to help regenerate or even replace thymic function. 
Therapies currently in clinical trials include KGF, use of the cytokines IL-7 and IL-22, and 
hormonal modulation including growth hormone administration and sex steroid inhibition. Further 
novel strategies are emerging in the pre-clinical setting, including the use of precursor T cells and 
thymus bioengineering. The use of such strategies offers hope that for many patients, the next 
regeneration of their thymus is a step closer.

Keywords
Thymus damage; Aging; Tissue Regeneration
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CONTEXT:

MATERIALS AND METHODS:

RESULTS:

DISCUSSION AND CONCLUSION:

See 1 citation found by title matching your search:

Immunopharmacol Immunotoxicol. 2011 Jun;33(2):351-9. doi: 10.3109/08923973.2010.518617.

Protection of immunocompromised mice from fungal infection with
a thymus growth-stimulatory component from Selaginella
involvens, a fern.
Gayathri V , Asha VV, John JA, Subramoniam A.

Tropical Botanic Garden and Research Institute, Pacha-Palode, Thiruvananthapuram 695 562,
Kerala State, India.

Abstract
Recent studies have shown that the water extract of Selaginella involvens (Sw.)

Spring, a wild fern, exhibits thymus growth-stimulatory activity in adult mice (reversal of
involution of thymus) and remarkable anti-lipid peroxidation activity. Follow-up studies were carried
out in the present study.

Activity-guided isolation of the active component (AC) was carried
out. The effect of AC on immune function was studied using fungal (Aspergillus fumigatus)
challenge in cortisone-treated mice. The in vitro antifungal activity of AC was assayed using disc
diffusion assay. In vitro and in vivo effect of AC on DNA synthesis in thymus was studied using
(3)H-thymidine incorporation. In in vitro anti-lipid peroxidation, hydroxyl radical scavenging and
inhibition of superoxide production were assayed.

The active principle/component (AC) was isolated in a chromatographically pure form
from the water extract of S. involvens. AC showed positive reaction to glycosides. AC possessed
both thymus growth-stimulatory and antioxidant properties. It protected cortisone-treated mice
from A. fumigatus challenge. It did not exhibit in vitro antifungal activity. Increased (3)H-thymidine
incorporation was observed in the reticuloepithelium of thymus obtained from AC-treated mice.
However, in vitro AC treatment to thymus for 5 h did not result in an increase in (3)H-thymidine
incorporation.

AC (named as Selagin), from S. involvens, could reverse

Format: Abstract

1

Author information

Full text links

PubMed thymus growth-stimulatory component from Selaginella involvens 
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Pharmacokinetic-pharmacodynamic 
correlations in the development of 
ginger extract as an anticancer agent
Rao Mukkavilliͷ, Chunhua Yangͷ, Reenu Singh Tanwarͷ, Roopali Saxenaͷ, Sushma R. 
Gundalaͷ, Yingyi Zhangͷ, Ahmed Ghareebͷ, Stephan D. Floydͷ, Subrahmanyam Vangala, 
Wei-Wen Kuo, Padmashree C. G. Ridaͷ & Ritu Anejaͷ

������������ƥ�������������������������ȋ
��Ȍ����������������������������������in vitro assays and 
xenograft mouse models. However, only sub-therapeutic plasma concentrations of GPs were detected 
�����������������������������������ȋ��Ȍ��������Ǥ�������������ǡ��������Ƥ����������������
���������������
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clearance pathways. Both free and conjugated GPs accumulated in all tissues including tumors. While 
���Ǧ����������������ͼǦ�����������������������������������������������������
����������������ǡ����������
��������������������������������������������������Ǥ������ƥ�����������������������������������������
reconversion of conjugated GPs to free forms by !-glucuronidase, which is over-expressed in the tumor 
tissue. This previously unrecognized two-step process suggests an instantaneous conversion of ingested 
free GPs into conjugated forms, followed by their subsequent absorption into systemic circulation and 
reconversion into free forms. This proposed model uncovers the mechanistic underpinnings of ginger’s 
anticancer activity despite sub-therapeutic levels of free GPs in the plasma.

Recently, there has been a resurgence of whole food-based therapeutics categorized as Natural Medicines 
(NMs) in prevention and treatment of chronic diseases like cancer1,2. However, their clinical development has 
su!ered perhaps due to sub-therapeutic concentrations of constituent phytochemicals in the plasma. Ginger 
is an example. An almost instantaneous conversion of the ingested free ginger phenolics (GPs) into their 
pharmacologically-inactive phase II metabolites (glucuronides, sulfates, etc.) in the plasma has perpetuated a 
diminished interest in their development. However, this highlights a knowledge gap as to how constituent phy-
tochemicals contribute physiologically to the observed pharmacological e!ects of NMs. Undoubtedly, NMs are a 
complex concoction of chemically-diverse phytochemicals containing one to several bioactive compounds, which 
mostly are plant secondary metabolites. Recently, a unique approach called ‘reverse pharmacokinetics’ has helped 
to draw possible reasons underlying the discordance between pharmacokinetics (PK) and pharmacodynamics 
(PD) of NMs3. In this study, we examined how the free (active) and conjugated (inactive) species interconvert 
on the physiological time scale to ultimately pinpoint the bioactive species responsible for the PD e!ect. For 
almost a decade now, our laboratory has been studying the pharmacology of ginger root extract. "us, ginger 
extract was our obvious choice as the probe NM to investigate the pharmacokinetic-pharmacodynamic (PK-PD) 
relationships between free and conjugated forms of GPs to precisely de#ne the role of Phase II metabolites in the 
anticancer activity of ginger extract.

Ginger (Zingiber o!cinale), a widely consumed spice worldwide, is an excellent source of phenolic com-
pounds including gingerols, shogaols, paradols, gingerdiones etc.4–6. Literature has extensively demonstrated 
that 6-gingerol (6G), 8-gingerol (8G), 10-gingerol (10G) and 6-shogaol (6S) collectively referred to as ginger 
phenolics (GPs, Supplementary Figure$1), are the most abundant bioactive constituents of whole ginger extract, 
and exhibit anti-proliferative, anti-in%ammatory, anti-oxidative and anti-tumor properties4,7–12. We have pub-
lished the tumor growth-inhibitory e&cacy of ginger extract (GE) in prostate cancer models as well as reported 
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