
Peptide Protocols: Volume One 

Introduction  As an orthopedic surgeon used to the 
straightforward surgical protocols that mend broken bones 
and address soft tissue injuries, I have simply been amazed 
at how a handful of peptides has changed the nature not only 
of recovery, but of performance. I’ve been working with 
peptides for almost 10 years—at first helping my athlete 
patients recover faster and then helping them return to the 
playing field stronger, more agile, and more capable. I’ve also 
been fortunate enough to create tremendous, measurable 
outcomes with non-surgery patients. Indeed, I’ve developed 
an entire supplementary practice in which I consult with 
other specialists and use peptides as adjutants that achieve 
faster, better medical results. For example, I have used them 
on a traumatic brain injury (TBI) patient who went from 
being nonresponsive to walking and talking; on a teen girl 
whose kidney disease com- pletely resolved; on an ALS 
(amyotrophic lateral sclerosis) patient who has since 
recovered motor skills; and on a young woman with chronic 
myelocytic leukemia (CML) who was able to lower her white 
count so she could avoid tyrosine kinase inhibitors (TKIs), 
which decrease infertility, and even- tually conceive and 
deliver a boy. These are all remarkable cases, but they don’t 
have to be. Peptides offer us nearly miraculous opportunities 
to change how we treat illness and disease; they also offer 
us life-changing tools and strategies for preventing disease 
in the first place.  This handbook, the first in a series, 
unpacks how disease—both chronic and acute—occurs at 
the level of the cell and how peptides can halt disease by 
enhancing cell functioning. It then introduces a number of 
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essential peptides that address cell dysfunction and loss of 
efficiency and how to safely and strategically use these 
peptides to address the cell and intervene in common, 
debilitating condi- tions. However, what is perhaps most 
paradigm-shifting is that when you look through this 
powerful lens of the cellular level, you come to realize that 
peptides offer us a radically new way to define aging. Indeed, 
aging, as we’ve come to accept it, is simply cell cycle arrest. 
Peptides can target this arrest and the reasons for it. This is a 
gross simplification, to be sure, but there is great truth in the 
sim- plicity of the cell. As the first in a series, this book 
serves as a general overview of an initial group of basic, 
though powerful, peptides; it covers their uses and their 
mechanisms for action within the cells and provides protocol 
examples. Although thousands of peptides are now in 
existence, with many more being developed every month, 
this handbook offers the first-ever comprehensive 
explanation of how 
and why peptides work. The Peptide Protocols, Volume 1 is de
signed as an introductory guide; it provides the necessary 
background for any trained physician or professional 
healthcare practitioner who is interested in supplementing 
their practice to achieve more favorable outcomes. Some 
biohacking and self-improvement researchers around the 
world will also gain significant insight into the influence 
of peptide signaling on the cell. All the information and 
advice pertaining to peptides is substantiated by significant 
peer-review  

studies (which are cited in a comprehensive bibliography at 
the back of this book). For continued education that focuses 



on the development of, maintenance of, and interaction with 
peptides, 
up- dated research and training can be found at Seeds.md. T
his handbook accompanies workshops and training modules 
that I have created for the American Academy of Anti-Aging 
Medicine (A4M), along with several professional training 
programs that stem from my work with the International 
Peptide Society (IPS), a foundational organization of 
physicians and healthcare providers who are committed to 
best practices in the use of peptides. More recently, my work 
with peptide training and medical education has led to the 
establishment of the SSRP educa- tion program, which will 
take practitioners to the next level by offering continued, in-
depth educa- tional programming directed at cellular 
medicine. This handbook serves as an introduction to what 
peptides are, how and why they work in the brain and body, 
and how they can be used judiciously to improve health and 
outcomes. It is meant to be used in conjunction with 
professional training and continued research in the fast-
moving arena of peptides. You can use this handbook as a 
guide as you become familiar with various peptides, 
their mechanisms, modes of use, and interactions. You can 
also use this guide as a way in which to intro- duce peptides 
to your patients and inform them of their options and 
choices. Indeed, I am a strong believer in empowering our 
patients with knowledge and confidence; such patients 
always make more successful outcomes. In Part 1 of the 
book, we take a close look at the cell cycle, cell behavior, and 
what happens when cells don’t get what they need and begin 
to morph or make bad decisions. When cells get to 



this stage, they become senescent—
and that’s what we are really after with peptides. By interferi
ng with or stopping cell senescence when necessary, 
peptides give us the opportunity to help our patients 
pre- vent disease, recover faster, harness aging, and improve 
overall health. We have also introduced a new section that 
addresses COVID-19 in the chapter “Preparing the Im- mune 
System in the Age of Viruses, Bacteria, and Other Pathogens” 
to underscore the significant rele- vance of peptides, 
nutrition, and exercise in preparing people for a future in 
which viral and bacterial pandemics will increase. A key 
method for prevention and stemming the tide of disease is 
under- standing the importance of cell efficiency and its role 
in optimizing immune modulation of the innate and adaptive 
immune responses. In Part 2 of the book, we review the 
most commonly available peptides, their modes of action, 
their applications, and examples of protocols. These topics 
will act as a guide that begins to unravel the puzzle of 
epigenetics and how we can uti- lize our current knowledge 
and understanding of how the genome reacts to epigenetic 
forces to cre- ate new phenotypes. Darwin was the first to 
recognize the process of evolution, which radically changed 
our understanding of the fate of the human race. Though 
Darwin had no knowledge of genes and the epigenetic forces 
that can alter phenotypes to change the programmed 
genomic makeup of a  

cell, he did understand that physical and behavioral 
adaptations could alter selective forces that would produce 
progenity, which in turn would predominate or desist in the 
environment, according to their level of fitness. Almost one 



hundred years later, Richard Dawkins extended our 
understanding of this adaptable genome. In the 1970s, 
Dawkins recognized that the fundamental level at which 
natural selection 
acted was at the replicator (what he preferred to call genes) l
evel—not at the species level. Since that time, scientists and 
physicians have assumed that the gene pool is the 
battleground on which phenotypic alterations competed for 
dominance. Now it’s time to update our understanding 
further and look at how and why this genome adapts, dies, 
or survives. Indeed, it’s our responsibility to understand 
how this epigenetic signature change by phenotypic 
alteration is the basis for disease and aging. Ignoring these 
truths will have insidious effects in future generations. The 
cell and peptides lead us in this direction. And the time is 
now 

1 It’s Time to Redefine Aging  Since the beginning of time, 
humankind has aspired to take the reins on aging, defeat 
death, and dis- cover—once and for all—a fountain that 
promises eternal youth. Our appetite for preserving 
youth continues and is perhaps even more intense at this 
moment than ever before. But often the approach to turning 
back the clock and holding onto youth is foiled. Hand and 
face creams, vitamin pouches, cosmetic procedures, and 
even growth hormones have never been able to deliver what 
they promise: an arrest of the decline in physiological and 
cognitive functioning that’s associated with 
advancing age. We are looking in the wrong direction. Part of 
this confusion is based on our long-held adherence to the 
typical Western medical model that frames our 



understanding of biology in two basic ways: developmental 
and disease-oriented. This framing is rooted in the 
evolutionary lens: we are born, we develop to maturation so 
that we can reproduce, and then we die. Intellectually, we 
know that we have eclipsed this evolutionary schema— as 
evidenced by our long lifespans. Indeed, living way beyond 
our fertile periods is testament enough to the need to 
reframe our understanding of our own biology that is 
constrained by a view that the original evolutionary purpose 
is to design our genotypes and phenotypes. The Western, 
allopathic model that has produced modern medical 
discoveries, procedures, inven- tions, drug therapies, and 
other treatment protocols is rooted in the study of disease, 
and its etiolo- gies, complications, and risk factors. This 
means studying diseases themselves and trying to 
trace causes or triggers, assembling risk factors, analyzing 
complications, and hoping that a certain treat- ment method 
or protocol will erase the disease or arrest its progression. 
Most of the medical training that we all have received stems 
from this view of aging and disease, which inherently gives 
aging and disease the upper hand. As functional and 
integrative physicians and healthcare practitioners, we have 
questioned this very premise for decades. Together, through 
our clinical experience and research, we have made 
great strides toward offering a comprehensive approach to 
redefining medicine, from one that is allopathic to one that is 
focused on preserving health and believing in the body’s 
inherent capacity to heal based on its inherent drive for 
homeostasis. This drive toward homeostasis is just as 
strong—if not stronger at a cellular level—than any 



Darwinian mandate for survival of the species. Indeed, 
the power of the human cell, its very intelligence, is at the 
heart of understanding how and why we don’t have to accept 
aging as our default. We don’t have to passively wait for 
physical and cognitive deteri- oration and disease. We can 
harness what we know of our cell biology to empower our 
ability to adapt and live healthy, fruitful, fulfilling lives, 
regardless of our chronological number. Over the last few 
decades, as more and more researchers and clinicians have 
investigated and  

begun to adopt a more integrative approach, they have also 
begun to reshape their research questions and approach to 
best practices. Why wait for disease? Why blast the body 
with chemo and radiation if cancer cells may be eradicated 
by the body’s own immune system? What can we do to 
interrupt the epigenetic interactions that have spurred so 
many chronic diseases? How can we apply what we 
know through modern medical science to update our 
evolutionary design?  Some medical schools and training 
programs introduce basic tenets of preventative medicine, 
yet they still treat them as supplements or afterthoughts, 
thereby giving them only cursory attention. As both an 
orthopedic surgeon and integrative medical doctor, I use 
both traditions in my practice. But more and more, I am 
adopting a way to interact with my patients that puts 
prevention first. Of course, I am always motivated to 
improve my outcomes—I’m a surgeon after all. But I’ve come 
to realize— both through research and my clinical 
experience—that focusing on prevention offers many more 
ro- bust, less harmful, nontoxic opportunities to not only 



prevent disease, but also to redefine the aging process as we 
have come to know 
it. I have discovered a way for me, my patients, my family, an
d my medical colleagues to embrace aging. Specifically, I see 
aging as an opportunity to live our best lives. I feel fortunate 
to have arrived at this perspective because it’s one that is 
empowering, optimistic, and accessible. In this book, I 
am going to introduce a novel way not only to think about 
aging, but to give you specific, accessible tools, strategies, 
and suggestions for protocols you can use to intervene with 
the conditions and dis- eases that are associated with 
aging. And it’s not that complicated. I’ve discovered a simple, 
yet revolutionary, approach to stimulate all of what 
prevention means—preserving health, achieving optimal 
homeostasis, off-setting the allo- static load, and supporting 
the integrity of the immune system. In short, we can avoid 
the downside of aging that triggers the onslaught of so many 
illnesses and disease conditions. How would you like to 
understand more about how your patients can   
•Improve and potentially reverse type 2 diabetes and 
metabolic syndrome?  
•Prevent the precursors to heart disease from taking root?  
•Avoid many cancers?  
•Offset neurodegenerative decline?  
•Minimize depression and anxiety disorders?  
•Support the immune system?  
•Fight against bacteria, viruses, and other sources of 
infection?  
•Strengthen sexual functioning?  
•Balance hormonal functioning?  



•Preserve the vigor and strength of skin, hair, and nails?  
•Protect cell efficiency and metabolic flexibility?  

The key to this kingdom? Peptides. Why peptides? We know 
of at least 7,000 naturally occurring peptides in the body. 
Peptides are molecules that 
are a combination of two or more amino acids contained bet
ween an amine group and an H2 group on one end, and a car
boxyl group on the other. These amino acids are joined by w
hat are called peptide bonds; peptides exist in all cells and ar
e synthesized by the ribosome through translation of mes- se
nger RNA. The peptides are then transcribed into hormones 
and signaling agents. They’re assem- bled and can become 
enzymes. They can also be ligands; they can be part of 
receptors. They can basi- cally be any particular messaging 
part of a 
cell. Typically, to be considered a peptide, a molecule must co
ntain up to about 50 amino acids com- bined by peptide 
bonds. When a peptide contains between 50 and 100 amino 
acids, it is considered 
a polypeptide, and if more than 100 peptides are strung toget
her to form a peptide molecule, it’s typi- cally called a protein
. All of these peptides have pharmacological profiles and 
intrinsic properties that offer selective messaging within any 
particular cell. In the medical community, we’ve been 
utilizing peptides since the beginning of the 1920s. The 
first commercially available peptide in the United States was 
insulin, which is a sequence of 51 amino acids. It was first 
commercially available in 1923, making it the first peptide 
on the market. 
Insulin originally came from a glandular extract. In 1982, ins



ulin made for human use became the first recom- binant pept
ide that was made, meaning it was synthesized as a recombi
nant drug or a recombinant peptide.  In many ways, the 
discovery of insulin changed the world. We were not only 
able to start treating diabetes, we were also able to address 
and understand one of the most prolific metabolic diseases 
in the world. That changed medicine. It is no surprise that 
the researchers involved, Frederick Grant Banting and John 
James Rickard Macleod, won the Nobel Prize for the 
discovery of this peptide. Since then, we have made huge 
advances in our understanding of what a peptide is. We 
know that they are naturally occurring molecules in the 
body and that a tremendous number of them are 
circu- lating in the body at all times. We know they play a 
crucial role as signaling agents within the cell cycle and that 
they assist in overall cellular functioning throughout the 
body. We have also begun to understand what happens 
when peptide production begins to ebb. But perhaps the 
most productive area of peptide research comes from the 
realization that, like insulin, we can re-create these 
naturally occurring signaling agents in the body. We also 
continue to look at other ways we may utilize these natural 
peptides to work the signaling system in a way that is 
advantageous to the cell. For instance, other peptides, like 
oxytocin, gonadotropin-releasing hormone, and vasopressin, 
have advanced our ability to preserve hormonal and cardiac 
health.  

Presently, over 140 peptides are involved in therapeutic 
treatments and are being explored in clin- ical trials, and 
more than 500 therapeutic peptides are being used in 



preclinical development. We have over 60 U.S. Food and 
Drug Administration–approved peptide medicines on the 
market today— a number that continues to grow. 
Interestingly, back in 2011, the global market space for 
peptides was about 14 billion. As of 2018, it has expanded to 
well over 26 billion, and it is still growing. The primary 
drivers for clinical research have been dominated by the 
tremendous and still-growing need to contain metabolic 
disease and oncology; these two areas are leading the 
research efforts in how to create peptides. However, lately 
the interest in peptides is extending beyond these two 
fields. Currently phase trials are going on in urology, 
pulmonology, pain, orthopedics, ophthalmology, infer- tility, 
hematology, gastroenterology, endocrinology, dermatology, 
and neurology, as well as in cardio- vascular studies. There 
are antimicrobial and antiviral studies. There are also 
studies being conducted on allergies, immunity, and bone 
and connective tissue. All together, these studies show that 
pep- tides present a burgeoning, interdisciplinary field of 
research. The findings are robust and are being used to bring 
about measurable, sustainable outcomes for diseases that up 
until now, we have been used to simply managing symptoms 
of. These successful outcomes—some of which I have 
experienced in my own practice—are driving this interest in 
peptides. If we look back at what’s been happening in the 
world of technology and drug development, historically the 
emphasis on research has been on discovering and creating 
mole- cules to be used in drugs. Scientists did not really 
move forward after the amazing discovery of in- sulin in the 
1920s. Indeed, many physicians don’t even realize that 



insulin is a peptide—a naturally occurring substrate in the 
body that was then re-created to help millions of people not 
die from type 1 diabetes. After insulin, we didn’t really 
harness the power of peptides and what it means for 
medicine when a substance targets cells so specifically, has 
no toxicity, is recognizable and tolerated by the body, and 
causes no immune reactions. Though many drugs and 
treatment protocols have helped to stem disease and reduce 
suffering, 
the fact is that they all come with side effects and secondary 
issues that can create problems 5, 10, even 15 years later. 
These medicines also cost millions of dollars to develop. 
They drive research funding. And some have been horrible 
blunders, such as the unforeseen outcomes of drugs such as 
thalido- mide or some of the well-known issues with NSAIDs. 
The point I’m trying to make is that we’ve also seen, because 
of the costs in development, that the number of drugs 
developed has decreased con- siderably. You would think 
that with improvements in technology, biotechnology, and 
the combi- nation of chemistry and computational drug 
designs, that we would be developing a lot more mole- cules 
for other treatment agents in medicine today. We can spend 
time thinking about this missed opportunity . . . or we can 
empower ourselves and our patients to delve into and learn 
exactly how peptides work, and how they play crucial roles 
in human physiology—for instance, they are included in 
interactions between hormones,  

neurotransmitters, growth factors, ion channel control, 
ligands, and anti-infective properties of cell function. 
Perhaps the most appealing aspect of these naturally 



occurring peptides is how they func- tion as therapeutics: 
when they are re-created, their specificity translates into 
excellent profiles for safety, tolerability, and efficacy in 
humans. Some peptides are membrane permeable; some 
aren’t. They are definitely, though, starting points for 
discovery, especially when we are currently looking at 
analogs of similarly structured peptides in the body to move 
into a new era of drug discovery. For example, there’s been 
an amazing surge in the use of GLP-1 receptor agonists, 
which are peptides being used specifically to treat diabetes. 
GLP-
1s are peptide chains (called incretins) that are made up of 3
7 amino acids; these are involved in insulin secretion and 
regulation and are produced in the small intestine. By 
harnessing this natural process and reproducing the 
peptides synthetically, we can treat the masses. From a 
production standpoint, the biggest delay for this whole 
peptide revolution is the fact that peptides have a very, very 
short half-life when they’re made or used in the body. 
They’re signaled, they do their job, and they exit. As we’ve 
developed synthetic compounds, we’ve focused on creating 
sub- stances that have a longer half-life to make the most of 
their impact and introduce them systemically. Increasingly, 
peptides, whether administered orally, subcutaneously, 
intranasally, or transdermally, have the power for deeper, 
longer-lasting effects. We can do it, and we’re getting better 
at it. In fact, we now have designs where we can make 
these peptides penetrate cells, the nucleus, and the 
mitochondria, and cross the blood-brain barrier. We now 
have mechanisms for altering the peptide, just a little bit—as 



long as it doesn’t change its toxi- city or potency—and giving 
it the ability to stay around a little longer and do what the 
cell wants it to do in its normal physiologic pattern. Take, for 
example, a cancer cell. We can now take a peptide that has a 
specific pathway that it’s going to find in a cell and use it to 
carry a specific chemotherapeutic or a particular molecule 
into the cell or its nucleus; it targets the cancer cell and no 
other cells. We have the ability to cross cell mem- branes. We 
can also use peptides in combination with medications to 
create adjutant therapies, with multiple routes of 
administration. That’s the power of these peptides. Because 
the limits are seem- ingly endless, the literature on the use of 
peptides in treatment modalities is exploding all over 
the world today. It’s time to embrace this era in which we 
understand that maybe the body has it right and the 
cel- lular mechanism is perfectly capable of taking care of 
itself under every circumstance. It may need help sometimes 
to overcome some of the stressors that we’ve introduced 
from our environment or that are inside the body itself. But 
if we understand the mechanisms of these stressors on the 
cell, we can deal directly with the disease process of aging. 
The environment and landscape are quickly un- folding, and 
we can embrace these therapeutic modalities and options for 
acute and chronic condi- tions now. Peptides are being 
shown to be successful in aiding the regulation of blood and 
glucose,  

controlling insulin levels, and treating inflammatory 
diseases, brain diseases, cardiac disease, meta- bolic 
syndrome, weight issues, immune deficiencies, cancers, bone 
and joint problems, sleep disor- ders, anxiety, depression, 



and fatigue. We have multiple areas we can now address, not 
only in treat- ing these chronic and acute conditions but also, 
potentially, in preventing them in the first place. Most 
humans begin to cease making sufficient signaling agents by 
around age 30. This marks the cessation of development, a 
sign that our growing years are over. This is also when 
fertility begins to fall off. These are two biological vestiges of 
our evolutionary inheritance—when our lifespan 
was correlated more closely with birth, fertility, and death. 
Lifespans were shorter. Chronic diseases did not exist. And 
at the cellular level, there was less long-term use and 
therefore less need for us to con- tinue to produce certain 
peptides associated with continued development, growth, 
and reproduction. After peak fertility, production falls off 
because, from an evolutionary point of view, it’s deemed 
an unnecessary expenditure of energy. (Indeed, our bodies 
are inherently, instinctually energy efficient in their drive 
toward optimal homeostasis.) However, just as we have not 
accepted the inevitability of an early mortality, have not 
forsworn wearing glasses for lack of good vision, or have not 
refused insulin when we are diabetic, we also need to 
question this seemingly inevitable cessation of peptide 
production.   In my practice, I have integrated peptides 
successfully to   
•Offset cellular senescence.  
•Hasten and ameliorate tissue, bone, and muscle healing, 
and function as a stand-  
alone therapy, in combination with physical therapy, or in 
combination with surgery and physical therapy.  
•Support the immune system after injury and during repair.  



•Regain neuromuscular functioning (ALS, MS, Parkinson’s, 
and TBI).  
•Restore kidney functioning.  
•Minimize soft tissue, cardiac, kidney, liver, and pulmonary 
fibrosis.  
•Preserve skin collagen.  
•Treat anxiety and depression and improve cognition and 
memory.  
•Improve recovery from training, changing the landscape for 
how athletes train.  
 So, what does all of this have to do with my new definition 
of aging? Aging as we know it is the number one factor in 
every disease we know. It itself is a disease—a disease of 
brain-body func- tioning marked by a loss of cellular 
efficiency. Peptides interfere with this negative spiral by 
giving cells what they need to continue to function and 
follow through with what they are preprogrammed to do: 
divide, grow, and mature. Peptides can make cells efficient 
again. Peptides can help direct cells to  

make good decisions. Peptides can allow the body’s innate 
immune system to do its job of protecting against invaders 
and efficiently maintain health and homeostasis. And when 
all of this happens across the board within the body’s cells, 
aging is just a number, not a recipe for disease 

2 The Intelligence of the Cell  In order to appreciate 
peptides, we must understand the simple yet profound 
intelligence of the cell, its cycle, its mechanisms for 
protecting itself and for making decisions, and its ultimate 
motivations. When we use the cell as our lens, we can 



uncover a roadmap that applies to all cells, systems, 
and processes. Indeed, all life begins with cells, which are 
preprogrammed to grow, replicate, and divide. If cells 
mutate or otherwise seem unlikely to survive, they set off 
their own internal “suicide” 
through the process of apoptosis . (You may recall that durin
g apoptosis the cell is in the process of with- drawing from 
its environment and begins to disintegrate.) Also, part of the 
innate immune system 
is the process of autophagy , which occurs when the cells are 
signaled to come in and clean up any de- bris. From this 
developmental perspective, a cell’s primary objective is to be 
efficient in its goal of main- taining homeostasis. Indeed, 
regardless of where it is in the cell cycle, if the cell is allowed 
to do what it can do and it has the capability of utilizing all 
its mechanisms to react to any stressors in its envi- ronment, 
it will naturally formulate a plan so it can move forward. The 
cell needs stress to enter and proceed through its cycle. And 
although a cell necessarily encounters stressors every 
minute, every day, we know that its ability to adapt to stress 
varies based on exogenous and endogenous factors. For 
instance, as we age, we typically lose some of this capacity 
for adaptation—that’s why stress is often linked to or 
explained as a cause of disease. It’s not the stress itself; it’s 
our capacity for man- aging that stress that weakens or 
decreases. As we age, the cells of our brain and body slow 
down, they stop replicating, growing, prolif- erating—why? 
Because the peptides that signal this proliferation cycle 
begin to ebb. As a result, cells begin to either lose their 
efficiency or they begin making signaling mistakes. At the 



most basic level, this slowing down has a domino effect 
across the brain-body’s systems, impacting all 
functioning, especially the immune system, which is always 
recruited when some kind of cellular change occurs or when 
homeostatic balance is disrupted. Keep in mind how the 
immune system is intended to function: it is supposed to 
preserve home- ostasis by combatting any internal 
(endogenous) or external (exogenous) stressors, toxins, or 
other agents that upset its capacity and efficiency for 
managing its allostatic load. If a cell loses some capa- bility to 
handle the stress, it has difficulty making decisions or it 
begins to overcompensate and tries to make up for different 
environmental problems, for instance. Or if mitochondrial 
function is af- fected, cell signaling gets compromised. These 
are a couple of factors that can trigger illness and dis- ease. 
For example, let’s say someone has overeaten for years and 
is now on the edge of obesity with a BMI of 28; they don’t 
exercise and otherwise live a sedentary lifestyle. This 
lifestyle creates enormous stress on the body: too much 
glucose is circulating in the bloodstream; the body is 
inflamed; the  

cholesterol is high; insulin resistance is being exhibited—all 
of these are the precursors of both dia- betes and heart 
disease. Years of this situation make the cell inefficient and 
corrupt its signaling and decision-making acumen. The cell 
loses its metabolic flexibility. Here’s another example. Let’s 
say an athlete is exercising, which typically enhances health, 
helps eliminate toxins from the body, strengthens the 
respiratory and cardiovascular systems, 
improves metabolism, and promotes neurogenesis and 



plasticity in the brain. All of this is good. At a cellular level, 
exercise is a form of stress that tests the cell’s ability to 
utilize energy by up-taking glucose and producing ATP so 
cells can then utilize oxygen, and in turn provide that muscle 
tissue, brain cell, or organ with sufficient energy to function 
appropriately during exercise. However, when you 
overdo exercise and don’t give your body enough time to 
recover and restore itself to homeostasis, that call for energy 
(required by exercise) taxes the cell and makes it less 
efficient. In this case, an outside stressor—exercise—has put 
too much load on the cell, undermining its efficiency. This 
leads to an imbalance in the innate and adaptive immune 
system, making it more TH2-dominant and increasing the 
possibility of upper respiratory infections, for 
example. Basically, if we overwhelm a cell with stress, no 
matter what the stress is, it still has to respond and may 
have difficulty doing so, which has downstream effects. This 
is the same as what happens when we age: our cells’ ability 
to manage stress (too much bad food, not enough deep sleep, 
a history of infections, etc.) compromises the cells’ 
intelligence and immune response, which can lead to 
cells making bad decisions or mistakes. This downstream 
effect can affect genetic expression as well. Genes can be 
vulnerable to negative changes, especially in regard to their 
phenotype. In response to environmental factors, genes 
may change their messaging and be upregulated or 
downregulated; this is the essence of epigenetics. When 
genes begin to change or adapt dynamically, cells begin to 
function differently, which means the phenotype of a cell 
begins to change, just as food or exercise can change the way 



those genes transcribe their proteins and enzymes. Cells 
don’t start developing problems in a vacuum. They develop 
problems or vulnerabilities based upon their capacity to deal 
with stress, whether it’s bacterial, a viral stressor, 
environmental, specific damage or insult to the DNA, or 
problems with proteins in the cell that aren’t being folded 
properly. Any of these stressors has the power to create 
intercellular or extracellular changes that disrupt 
cell functioning. And when these insults attack the cell, the 
body relies on its built-in self-check system (autophagy and 
apoptosis) to stop itself, basically, from moving forward in 
this cell cycle process in order to take care of invaders and 
stressors. Essentially, the cell can check itself and say, “Okay, 
I’ll hold off right now. I’ll stop what I’m doing. I’ll look inside 
and see if I have the capability of making myself better.” The 
liposomes, phagolysosomes, phagosomes, and peroxisomes 
are structures that can assist a cell’s capacity to clean itself 
up. At the same time these structures are at work, the 
mitochondria are  

working hard to clean up or remove bad mitochondria. Thes
e processes—autophagy and mitophagy—
are basically cleanup messaging systems that allow the cell t
o clean out debris that could be harmful to its 
environment. A clean diet and regular exercise are a huge 
buffer to cell aging and dysfunction. Would you be 
sur- prised to know that only 5% of people adhere to a 
healthy regimen that maintains mitochondrial effi- ciency? 
Probably not. But as healthcare practitioners, that’s what we 
are dealing with. Learning how to perceive and track how 
our patients are responding to stressors is an important 



feature in ultimately understanding what part of a person’s 
cellular system is under fire, losing steam, or 
otherwise becoming overstressed. However, there often 
comes a point—and this varies with each individual—when 
these varied pro- cesses of the self-check system can no 
longer keep up with the stressors. So, what happens 
when cells are postmitotic and have stopped dividing? Cell 
senescence. 

Cell 
Senescence Cell senescence was first discovered in the 19
60s by Hayflick and Moorhead, who observed a number of 
cells that simply stopped dividing—they neither grew and 
divided nor progressed to cell death— these cells were 
arrested. This phenomenon changed our understanding of 
the cell cycle. Hayflick and Moorhead went on to define cell 
senescence as an indication of a cell’s biological clock; 
they called it the Hayflick limit. At the time, the cell arrest of s
enescence was attributed to a progressive shortening of 
telomeres with each cell division. They understood this 
telomere erosion to be part of a physiological response to 
prevent genomic instability and DNA damage. Now we know 
that cell senescence is much more complicated. First, 
senescence seems to have both positive and negative effects. 
It’s been shown to play a posi- tive role in embryogenesis 
and tissue remodeling, as well as in first-level immune 
response, helping the innate immune system with apoptosis 
and controlling potentially tumor-causing agents. 
These positive physiological characteristics, however, seem r
elated to transient senescent cells—they go in, do their job, 



and exit. Over the past several years, much more focus has 
been leveled at the negative, damaging, 
and inherently dangerous implications of lingering senescen
ce. In essence, when cells turn senescent, they degrade cell 
signaling, create mitochondrial dysfunction, and set off a 
host of downstream nega- tive effects that lead to disease. As 
Childs et al. point out in their 2017 study, senescent cells 
“disrupt normal tissue function by secreting factors that 
recruit inflammatory cells, remodel the extracellular matrix, 
trigger unwanted cell death, induce fibrosis, and inhibit stem 
cell function.” A general assumption is that senescence is a 
“natural” byproduct of aging. I am here to push back on that 
point of view: senescence is something we can go after, stop 
from happening, and sometimes even reverse. Again, aging 
as we have come to define it is not inevitable just as disease 
is not in- evitable. Let’s take a look at the characteristics of 
senescent cells, the varied conditions that induce 
senes- cence, and the mechanisms that ensue. It’s helpful to 
become familiar with characteristics that all senescent cells 
share, regardless of where they may be found. All senescent 
cells show   
•Altered cell size and shape  
•Accumulation of lipofuscin  
•DNA damage to foci  
•Loss of Lamin B1  
•Upregulation of microRNAs  
•Secretion of factors, including growth factors, cytokines, 
chemokines, and proteases.  
Together these factors make up what we now refer to as the 
senescence-associated secre- tory phenotype (SASP).  



•Senescence-associated changes in chromatin structure and 
function  
•Age-
associated changes in immune functions, noted as immunose
nescence  
Although we are making strides toward being able to 
identify senescent cells directly, there is no one biomarker. 
Instead, we rely on recognition of SASP and its covariants. So 
how and why does senescence occur? Senescence can be 
triggered by various mechanisms, through multiple 
pathways:   
•Gradual erosion of telomeres, triggering a DNA damage 
response in the genome of  
the mitochondria  
•Chronic physiological stress, including bad diet, lack of 
exercise, and stubborn insult  
to glucose metabolism. Downstream of senescence brought 
on by physiological stress, you will find oxidative stress, 
endoplasmic reticulum stress (resulting in un- folded 
protein response or UPR), mitochondrial stress (cytoplasmic 
chromatin frag- ments, or CCFs), and interferon-related 
responses.  
•Acute injury or trauma to any area of the brain or body 
(anything from osteoarthritis in  
a knee to a TBI)  
•As a result of anti-cancer treatments (radiation and 
chemotherapy) that purposely  
bring cell senescent onset; this is often referred to as therapy
-induced senescence.  



•Finally, senescence is the result of a systemic 
proinflammatory state, which has driven  
the immune system into hyper mode, degrading its ability to 
maintain homeostasis cellular protection. Essentially, any of 
these senescence inducers are a form of stress on the cell 
and its systems. Yes, the cell requires stress to nudge it into 
its cell cycle. However, when any one or more of these 
stres- sors overwhelms the cell—in either their degree or 
their chronic-ness—the cell’s ability to adapt be- comes 
undermined. Cellular senescence is even more dangerous 
because it not only affects an indi- vidual cell, but it also 
affects nearby and distant tissue through chronic 
inflammatory response, reac- tive oxygen species, and 
insufficient apoptosis. The bottom line is that the 
characteristics of the senescent cell—in particular its 
secretory pheno- type—dimin-ish its resistance to disease-
causing stressors and cause stem and parenchymal cell 
dys- function. (Indeed, stem cells are particularly vulnerable 
to damage from SASP because of the harmful effect on their 
microenvironment, or niche.) The SASP is tricky, able to 
camouflage itself, and thereby become even more difficult to 
detect. When we understand the root causal mechanisms, 
however, we gain not only insight into how all 
of homeostasis and resistance to disease occur at the cellular 
level but also how we can use peptides to address the cell 
and its various environments that have been corrupted or 
made vulnerable by senes- cent cells. This approach—
keeping our sights on the cell—is why, as an orthopedic 
surgeon, I remain  



able to work with so many types of patients and their 
physicians. It’s also why I don’t focus on the disease per se; I 
look at the cellular matrix for signs of 
senescence.   For Some Good News: There is a peptide, TA1,
 that can take away a senescent cell’s camouflage 

Hormesis If cells stop dividing, then we can assume they 
need something that they are not getting. This is 
the basis of hormesis—
what, in the cell environment, is causing it to go senescent? I
s it lacking in proper nutrition? Is it not receiving signaling 
to continue to proliferate? Has it been overcome by toxins? 
We do know that cells can reach a quiescent state, where the
y stop proliferating; but here the cell still has the potential to 
enter the cell cycle again. Senescent cells are more or less 
irreversible because of 
a certain mechanism that gets triggered: mTOR activation. Al
though we need mTOR for basic anabolic processes, helping 
cells grow and proliferate, when mTOR gets activated by any 
one or more of the senescence inducers, it gets turned on too 
much, wreaking havoc on the MAPK pathways (ERK, 
JUN/ JNK, and P38) that are in place to coordinate gene 
expression, mitosis, metabolism, motility, differen- tiation, 
and apoptosis. What happens? All sorts of cellular chaos. A 
cell continually influenced by mTOR pushes the cell to 
become hyper- trophic, hyperactive, hyperfunctional, and 
signal resistant; together this causes profound 
pheno- typical changes, making vulnerable areas more 
vulnerable, undermining the innate immune 
system, exacerbating inflammation, and ultimately causing 
disease states. At a micro-level, a significant downstream 



effect of senescence on cellular efficiency and integrity is a 
dangerous loss of important nucleotide cofactor ratios 
(NAD+/NADH, NADP+/NADPH, Acetyl Co-A/Co-A, 
ADP/ATP), which are necessary for cell efficiency and 
metabolic flexibility. NAD+ (nicoti- namide adenine 
dinucleotide) is a coenzyme in cells that functions as an 
electron acceptor, which is important to cellular redox. 
Triggered by a combination of decreased NAD+ biosynthesis 
and an in- creased consumption of NAD+, this loss of NAD+ 
and NADPH pooling pushes the cell to make bad decisions; in 
particular, it goes looking for NAD+ through the glycolysis 
pathway, a less efficient, more taxing process, and for 
NADPH through the pentose phosphate pathway. Further, 
this lack of sufficient NAD+ and NADPH downgrades our 
ability to produce antioxidants and reducing agents, which 
in turn increases a cell’s oxidative stress, making it even less 
efficient. Why are the NAD+/NADH and NADP+/NADPH 
ratios so important for cellular health? It has 
a very particular protective function for our SIRT gene, also 
known as our longevity gene. Essentially, downgrading NAD+ 
makes the SIRT gene vulnerable and less effective, which 
sets off a cascade of in- flammatory responses that threaten 
the cell and its environment. SIRT genes activate the PGC1-
alpha, utilize the AMPK pathway for fatty acid oxidation and 
mitochondrial biogenesis, and set off other tran- scription 
factors through a subtle feedback system that helps cells 
remain efficient. When cells lose their efficiency and 
metabolic flexibility due to poor substrate choice, they leak 
electrons through the electron transport chain and produce 
free radicals and reactive oxygen species, setting off all sorts 



of alarm bells and further inflammasome activation. This is 
exactly what happens with type 2 diabetes. Type 2 diabetes 
is caused by chronic  

inflammation, hyperglycemia, and insulin resistance—all of 
which can lead to cell senescence and the associated 
secretory phenotype specific to the pancreatic beta cell. The 
SASP’s cry for NAD+ and the resulting reliance on glycolysis 
creates chronic high circulating glucose, triggering insulin 
resistance and then type 2 diabetes. In this way, type 2 
diabetes is both the cause of senescence and caused 
by senescence. In fact, most diseases have this reinforcing 
feedback relationship with senescence. Al- though we tend 
to think of treating type 2 diabetes through glucose control, 
this approach doesn’t get at the essential inflammatory 
response at the root of the problem. However, when you 
drill down and set a treatment plan focused on the chronic 
inflammation, the proliferation of reaction oxidative species, 
and the mitochondria dysfunction, you are going after the 
SASP—the senescent cells that are spreading like wildfire. 
This strategy will have a much more lasting impact on type 2 
diabetes, and may even reverse it. Here’s another example of 
the power of senescence to create disease. After a 
concussion, the brain perceives acute injury and the immune 
system responds by releasing cytokines, chemokines, 
and proteases to help the brain recover. But let’s say that a 
young man has experienced numerous con- cussions during 
his adolescence and that some of these concussions have 
been noted but others have flown under the radar. After one 
more event, cytokines such as Interleukin 17 begin to 
proliferate in the brain, causing nitric oxide to increase and 



cross the blood-brain barrier. Cell receptors lose their signal 
sensitivity, exacerbating an already proinflammatory state. 
The brain perceives that it needs oxygen and so it 
upregulates the renin-angiotensin system (RAS). This causes 
the release of too much glutamate in the synaptic cleft of the 
neuronal synapse. The inflammatory RAS inactivation of the 
excitatory amino acid transport of glutamate out of the 
synaptic cleft into the astrocyte is need- ed for reprocessing 
back to glutamine so it can be reused in the presynaptic 
neuron. The result? Never-ending neuro-excitability that 
leads to cell death, which in this case, means 
neurodegenerative disease. The good news is that peptides 
can intervene with senescence in one or more ways. When 
peptides are reintroduced, they give the cell a message to 
reset and correct any potential bad decision. Pep- tides also 
support the immune system and enable it to reinvigorate its 
capacity to fight off the proin- flammatory state, infection, or 
a toxin assault. Peptides can also address the loss of NAD+ 
by pro- moting NAD+ biosynthesis and by preventing 
consumption by some of the greedy NAD+ culprits, 
in- cluding PARPs and CD38 Nadase. Peptides can assist the 
cell to regain its metabolic flexibility uti- lizing glucose and 
fatty acids (the Randle cycle), reversing insulin resistance, 
and mediating inflam- mation.   Peptides In general, we use 
peptides to   

•Modulate appropriate inflammatory response  
•Assist in cellular autophagy, mitophagy, and apoptosis  
•Optimize mitochondrial function  
•Reestablish or protect cellular efficiency  
•Reestablish or maintain cell metabolic flexibility  



•Maintain nucleotide cofactor ratios of NAD+/NADH, 
NADP+/NADPH, acetyl  
CoA/CoA, and ADP/ATP to maintain ultimate cellular redox  
•Optimize P53, SIRT, and FOXO genes  
•Monitor and influence timing of cellular senescence  
•Reverse or inhibit epigenetic influences of the genome  
Together these functions address cell senescence and 
ultimately prevent DNA mutations, which would lead to 
further senescence or 
cancer.  

Glycolysis and Glucose Oxidation  Markers of Cellular 



Senescence There is no one biomarker for cellular 
senescence. However, you can track the characteristics of the 
SASP, as well as a cellular pH of 6. One measurement tool 
called iTRAQ is developing dif- ferent ways to recognize and 
quantify proteins, including peptides. Science is also headed 
in a direction of better understanding epigenetic influences 
on aging and disease. Technology has ad- vanced with next-
generation genomic sequencing, making it possible to better 
follow tens of mil- lions of methylation markers that are 
related to specific diseases and aging. This technology 
al- lows for creating digital twins of ourselves and accurately 
predicting outcomes based on changes  

in nutrition, exercise, and therapies that may reverse 
epigenetic influences. I am of the belief that such technology 
will absolutely change how we accurately predict and 
monitor aging and disease with consistency and replicability 
in the future 

3 Delaying Senescence and Restoring Cellular 
Efficiency  One way to think about stopping senescence, 
halting its damaging spread, and otherwise preventing SASP 
from developing in the first place is to strategize about how 
to return the cell to homeostasis so that it can function as 
efficiently as possible. This is what is at the heart of cell 
optimization. If we act on the concept that the cell needs to 
run efficiently to continue to provide the environment for 
the body to function optimally, then we gain the control to 
slow down the aging process, prevent disease, and 
ultimately build health. As we’ve seen in the previous 
chapters, loss of cellular efficiency leads to the progression 



of cellular senescence, which leads to proinflammatory 
states, causing pro- gressive aging and metabolic issues that 
can further advance into disease processes that we are 
all too familiar with—osteoporosis, cardiomyopathy, cardiac 
disease, neurodegenerative disease, au- toimmune disease 
(like diabetes), glaucoma, metabolic disease, and 
progression to cancer. The more we understand how a cell 
functions efficiently and what we can do to assist the cell in 
its ability 
to maintain this capacity to be efficient, the easier it is for the
 cell to not progress into that senescent state and create that 
SASP that then triggers the proinflammatory signaling 
agents; secretes cytokines, chemokines, proteases, and 
growth factors; and releases the extracellular matrix 
degradation proteins that lead to cellular inefficiency, 
senescence disease, cancer, and death. Understanding 
cellular efficiency comes down to looking at the utilization of 
a substrate like glu- cose and maximizing the use of this 
substrate for the cell for cellular respiration, which entails 
uti- lizing oxygen and making ATP. If we look at the amount 
of oxygen consumed versus the amount 
of ATP produced, we can see what’s called mitochondrial cou
pling. In this way, efficiency is a matter of consuming as little 
oxygen as possible relative to the amount of ATP that is 
produced, thus using the least amount of glucose. Efficiency 
also involves NAD+/NADH ratios and improving that pool 
be- cause of the importance that NAD plays in supplying the 
hydrogen ions to that electron transport chain, enabling us 
to produce the hydrogen ion gradient and make ATP. This is 
the essence of home- ostasis. However, in order to do all of 



this efficiently, we also want to avoid creating increased 
reactive oxy- gen species or free radicals that can derail 
homeostasis. For this, we want to look for a more 
usable substrate than glucose for energy in a cell, and this 
leads us to fatty acid metabolism. By 
superseding the use of glucose and improving what we call b
eta oxidation or fatty acid oxidation, we not only im- prove 
the TCA cycle (aka the Krebs cycle) and mitochondrial 
respiration with oxidative phospho- rylation, we also have 
the opportunity to produce a lot more ATP, which is 
converted to pyruvate and then to acetyl-CoA. Fatty acids 
can be transported across the mitochondrial membranes 
and further converted to acetyl-CoA. When we choose fatty 
acids as a substrate—the optimal substrate choice 
for mitochondria—we get an upregulation of beta oxidation.  

In other words, the ultimate efficiency of the cell is really 
about leading the cell to choose the better substrate, short 
chain fatty acids. So how do we set the stage for the cell to 
choose the better sub- strate?  It starts with supporting the 
SIRT genes, which are known as our longevity genes. These 
SIRT genes can make proteins that are capable of influencing 
utilization of these substrates more effi- ciently. Part of that 
process entails an upregulation in the cytoplasm of PGC-
1alpha that again points to the importance of maintaining an 
optimal NAD and NADH pool so that the available NAD+ 
can deacetylate. PGC-1alpha sits in the cytoplasm and has to 
be deacetylated before it can be activated. It’s held in the 
cytoplasm by a hypoxic-inducing factor one (HIF-1), which 
basically places a choke hold on the PGC-1alpha. It’s not until 
the SIRT1 gene acts by releasing the hypoxic inducing factor 



(through the deacetylation of PGC-1alpha) that it can then 
transmit into the nucleus where it can be 
phospho- rylated. It’s here inside the nucleus that its energy 
sensors are then activated, enabling the PGC-1alpha 
to phosphorylate AMPK and begin to transcribe other 
transcription messaging signals, such as the mitochondrial 
transcription factor (TFAM). This transcription factor 
undergoes translocation from the nucleus to the 
mitochondria, which is necessary to start mitochondrial 
biogenesis. This transcription factor is also responsible for 
the mitochondria contributing its cytochromes to the 
electron transport chain to assist in ATP production. It’s 
important to keep in mind that the nu- cleus and the 
mitochondria both contribute cytochromes within the 
electron transport chain and work together to produce ATP. 
As TFAM is upregulated, there is also an upregulation of 
PPAR gamma, delta, and alpha. Gamma, a main activator of 
the beta oxidation of fat, will also upregulate transcription 
factors to change the fiber type of muscle. In turn, this will 
improve the mitochondrial content of the fiber, thereby 
enhancing the efficiency of that muscle fiber in utilizing 
oxygen. At the same time, there will also be an upregulation 
of FOX3 protein transcription factors, which also focus on 
longevity and antioxidant formation. This increase in other 
transcription factors pro- vides an opportunity for 
decreasing phosphorylation in the nucleus of what is called 
Forkhead FOXO transcription factors, or just FOXO. When 
the FOXO proteins remain in the nucleus, they act 
like longevity genes and antioxidant genes and upregulate 
superoxide dismutase, catalase, and glu- tathione 



peroxidase, which means they improve the transcription of 
antioxidant enzymes and upreg- ulate the nuclear factor—
what’s called nuclear respiratory factor 1 and 2. All of these 
factors lead to improved mitochondrial function. By 
upregulating this metabolic re- sponse, the cell becomes 
more resistant to secondary assaults of oxidative species or 
antioxidants like H2O2, which can lead to DNA oxidative da
mage. Essentially, all of these factors increase and im- prove 
the efficiency of the mitochondria, enabling an upregulation 
of certain transcription factors in  

the nucleus that can then respond to an energy need or a 
stressor that the cell senses. The end result is cells that are 
more efficient at producing and utilizing energy, glucose, as 
well as ATP. Again, starting with a SIRT1 gene, this 
upregulation helps the cell go through a series of steps, 
con- trolling a hypoxic inducing factor (HIF1) and releasing 
PGC-1alpha into the nucleus where it can then transcribe 
multiple transcription factors associated with cellular 
efficiency. These transcription factors (TFAM) improve 
mitochondrial biogenesis, increase cytochrome production 
for the electron trans- port chain, and increase the PPAR 
gamma, alpha, and beta production. As a result, they 
improve beta oxidation of fat, and thereby improve the 
optimal substrate, and assist in a phenotypical change 
of muscle fiber type; all of this leads to overall cellular and 
organ efficiency. Keep in mind that if the cell starts losing its 
efficiency, as it does when it becomes senescent, and the 
electron transport chain is not working efficiently, free 
radicals or reactive oxygen species can be produced. This 
can lead to a mitochondrial injury or, potentially, to DNA 



damage that leads to further inflammatory processes. And 
that’s really the key to the efficiency of the cell. If we can 
minimize any essential change of mitochondrial injury, we 
can improve the overall function of the cell, improve the ATP 
production, improve the utilization of the substrate, and 
make the cell the most efficient at uti- lizing oxygen. And, at 
the same time, we build the NAD to NADH pool, which is so 
important in cel- lular efficiency, DNA repair, and working 
with the longevity of SIRT1 genes. Cellular efficiency has the 
ability to delay and even retard senescence in mitotic and 
post 
mitotic cells. But it also has the ability to regulate the reparat
ive cells of the body—
otherwise known as stem cells. When we refer to stem cells 
we are talking about the endogenous cells—
hematopoietic stem cells (HSCs), mesenchymal stem cells 
(MSCs), pericytes—that are necessary for daily survival 
and that are called upon for tissue repair and regeneration. 
These cells and their lineage are regulated by the SIRT1 
gene. Stem cell senescence is inversely related to SIRT1 gene 
activation. With stem cell senescence, reactive oxygen 
species (ROS) are high and the SIRT1 production is low, and 
the p53 pro- tein (a tumor suppressor) is upregulated but 
inactivated because of low SIRT1 (which cannot 
be deacetylated). This low SIRT1 gene transcription under 
senescence also decreases FOXO1 tran- scription, which is an 
important regulator of the cellular antioxidant response (i.e., 
part of its innate defense system). However, FOXO1 needs to 
be deacetylated to translocate to the nucleus where it can 
then increase antioxidant transcription of superoxide 



dismutase and catalase. Also, with the loss of 
deacetylation from low SIRT1, the powerful NRF2 
translocation to the nucleus is also dampened, and this 
results in a reduction in the activation of the promotor 
region of the antioxidant-related response with a 
de- creased transcription of Heme oxidase 1, NADPH 
quinone oxidoreductase1 (NQO1), catalase, and superoxide 
dismutase. In summary, stem cells rely on FOXO1 and NRF2 
under the control of SIRT1 regulation to maintain control of 
ROS and stop cellular senescence. A tremendous amount of 
research has been done to validate upregulation of the SIRT1 
gene with  

allosteric activation by the polyphenol resveratrol. However, 
the human trials have failed to show the benefits of 
resveratrol with long-term use; indeed, it has not been 
shown to decrease cellular senes- cence. In the next chapter, 
we build on this understanding of the principles of cellular 
efficiency and look at how the most important hormones and 
growth factors that the body produces can influence 
the maintenance of cellular efficiency.   Three Basic Ways 
to Improve Cellular 
Efficiency  



Upregulate the SIRT1 and SIRT3 genes. Stimulate optimal 
oxygen utilization and production of cel- lular energy by 
producing more ATP and generating low ROS. This leads to 
an optimal balance of AMPK, and mTOR leads to improved 
autophagy, mitophagy, and protein folding 

Harnessing Growth Hormone to Improve Cellular 

Efficiency  One of the more global effects of senescence and 

the progression of cellular dysfunction is com- pounded by a 

decrease in growth hormone (GH) release and IGF1 

production, which are intended to act synergistically to 

promote overall cell growth and proliferation. In senescence, 

the reduction of our master hormone and its companion 

IGF1 trigger increases in cellular cortisol and sarcopenia 

and a decrease in glucose sensitivity. In addition, with the 



increased mitochondrial dysfunction, we have decreased 

cognitive function, a less effective immune system, 

decreased mitochondrial biogenesis and efficiency, 

increased reactive oxygen species, and decreased steroid 

production. These are many of the downstream impacts 

triggered by the SASP and all can be directly related to 

decreasing growth hormone release and IGF1 production. 

Let’s take a look at the mechanisms for growth hormone 

pro- duction 

How Growth Hormone Functions in the 
Body Growth hormone is significantly involved in cellular 
proliferation and efficiency and is also intimately involved in 
the production of IGF1, which is also involved in cellular 
growth, repair, and cell survival. As we noted earlier, cellular 
efficiency is related to a multitude of physiologic factors that 
have every- thing to do with an increase in growth hormone 
release and IGF1. We can upregulate beta 
oxidation, oxidative phosphorylation, PGC-1alpha, and 
PPAR-gamma and improve satellite cell activation. We can 
decrease cellular senescence, cellular apoptosis, and 
intercellular cortisol production. We can also improve the 
mechanism of intracellular steroidogenesis (the first step of 
steroid production oc- curs in the mitochondria, where 
cholesterol progresses to pregnenolone). In particular, 
having efficient mitochondria means improved 
steroidogenesis, which is rooted in the physiologic release of 
growth hormone and IGF1. Over time, as inflammatory 
disease processes develop and increased cellular senescence 
occurs, growth hormone and IGF1 become even 



more important. Growth hormone is typically released from 
the anterior pituitary after a signal from the hypo- thalamus; 
this signal is a peptide, growth-hormone releasing hormone 
(GHRH), which stimulates the somatotroph in the anterior 
pituitary to start the machinery that produces growth 
hormone. This 
ante- rior pituitary somatotroph is also controlled by anothe
r peptide called somatostatin, which typically in- hibits the 
release of growth hormones and only acts under certain 
metabolic circumstances or circa- dian rhythms that assist in 
decreasing this inhibition. But as we age, this inhibition 
becomes more significant. Now, whether that’s related to an 
increase in inflammatory states or increased cellular 
senescence, that’s still up for debate. However, it’s my belief 
that cellular senescence plays a significant role in decreasing 
the ability of the anterior pituitary somatotroph to go 
through its typical function of releasing growth hormone. On 
average, growth hor- mone is released anywhere from three 
to six (and even potentially up to nine) times a day in 
mice, where it is pulsed about every three hours. In humans, 
it’s more like three to six (potentially eight) times a day, 
where it’s also pulsed every three hours; this pulsing 
progressively decreases as we age. So, to understand growth 
hormone further, when it’s working optimally, its release 
happens during the night, with the biggest release of GH 
occurring in the first sleep phase and then later in stage 
4 sleep. Sleep is important for many physiologic functions, 
but it’s most significant for repair and recovery. As we age, 
we lose the capacity for stage 4 sleep, and hence we lose the 
growth hormone response. Stage 4 sleep is also the time 



when the lymphatic system and glymphatics of the brain are 
draining. This is an important way that the brain takes care 
of cleaning up and removing metabolic debris. In this way, 
GH and GHRH are intimately involved in improving the 
immune system, structural repair, and the growth and 
restoration of tissue. Growth hormone receptors have been 
identified on most tissues in the body including muscles,  

adipose tissue, and the liver, the heart, the kidneys, the 
brain, and the pancreas. The widespread na- ture of these 
receptors points to the importance of growth hormone for 
protein anabolism, promo- tion of lipolysis, and resistance to 
insulin-induced glucose metabolism in the liver and 
peripheral tis- sues. Growth hormone promotes protein 
synthesis, typically resulting in a reduction of protein 
break- down, hence sarcopenia. In addition, growth 
hormone improves metabolism efficiency by increasing ATP 
production. Again, growth hormone is significantly 
important in promoting an increase in mito- chondrial 
oxidative capacity and in increasing the mitochondrial 
transcription genes—also features of cellular efficiency. 
Growth hormone also increases muscle RNA, the encoding of 
IGF1, and mitochon- drial proteins for the nucleus for 
oxidative phosphorylation. In turn, growth hormone also 
upregulates transcription factors and glucose transporters; 
PGC- 1alpha is upregulated, improving its downstream 
positive effects on the COX3, COX4, TFAM, and GLUT4 
messenger RNA during growth hormone release. Growth 
hormone typically plateaus in young adult life and then 
progressively declines, accom- panied by a loss of muscle 
mass and aerobic capacity and an increase in abdominal 



visceral fat. Typi- cally, after the third decade of life, there’s a 
progressive decline of growth hormone secretion by about 
15% every decade of adult life. The secretion of growth 
hormone at puberty is about 150 micro- grams per kilogram 
per day; it then decreases to about 25 micrograms per 
kilogram per day by the age of 55. Not only is there a 
decrease in the pulse amplitude but also potentially a 
decrease in pulse fre- quency; a lot of the growth trophic 
effects of growth hormone are mediated by the downstream 
pro- duction of IGF1, which also declines with aging and 
parallels decreases in growth hormone. However, when it 
comes to helping fight against senescence and promoting 
cell efficiency, we can look at a centenarian, a hundred-year-
old, who can store about the same amount of growth 
hormone as a 20-year-old in their anterior pituitary. In other 
words, it’s really about the machinery, and its pro- ducing 
and releasing the growth hormone, that becomes 
problematic. Octogenarians and cente- narians have the 
same capability of releasing growth hormone as young 
adults, and therefore growth hormone supplementation can 
have significant and important ramifications for them. It can 
aid in im- proving lean body mass, decreasing adipose tissue, 
and increasing bone mineral density, which is important for 
decreasing the progression of sarcopenia. We also know that 
growth hormone has a significant influence on the brain’s 
cognitive functioning, also improving fluid and crystallized 
intel- ligence—all of which can be traced back to IGF1 
concentrations and production. We know that, as we age, 
IGF1 expression in the brain decreases, corresponding to 
decreasing hip- pocampal neurogenesis. IGF1 is very 



important in promoting organized adult hippocampal 
neuro- genesis; it not only promotes adult neogenesis 
through increased stem cell proliferation, but it 
also promotes it through organized cell migration. These 
reduced IGF1 levels are linked to cognitive dys- function and 
can be correlated with decreases in motor performance, 
speed of information pro- cessing, and fluid intelligence. 
IGF1 also works together with brain-derived neurotrophic 
factor  

(BDNF) and other neurotrophic factors to promote 
neurogenesis and remodeling of the brain. Clearly, growth 
hormone and IGF1 are important hormones. They promote 
and maintain cellular survival; improve cellular efficiency, 
utilization of glucose, and cellular repair; prevent insulin 
resis- tance; and promote continued brain neurogenesis and 
maintenance of hippocampal function for memory 
consolidation and recall. So why not simply give GH to 
counteract a loss of production capacity? Historically we can 
look at exogenous use of growth hormone and multiple 
studies that have con- firmed using it show a definite 
improvement in lean body mass, decreased adipose tissue 
mass, and increased bone density. However, we also know 
that using GH itself is not a physiologic stimulator of the 
release of growth hormone. It eliminates negative feedback 
loops and creates supraphysiologic increases in growth 
hormone that lead to increases in reactive oxygen species 
and dysfunction of the mitochondria, and its oxidative effect 
is diminished. Exogenous GH can also lead to brain 
receptor involution; specifically, it can cause an increase in 
anxiety and fear. In fact, the overstimulation that results 



from using exogenous growth hormone prompts an mTOR 
dominant state, causing us to lose mitochondrial efficiency, 
mitochondrial biogenesis, and the capability of the 
mitochondria to produce its cytochromes, which are 
important in the electron transport chain. The nucleus still 
makes its cy- tochromes, but the loss of mitochondrial 
cytochromes leads to an inefficiency of the electron 
trans- port chain, and thus decreased oxygen efficiency with 
reduced ATP and increased reactive oxygen species because 
of the continued mitogenic and proliferous state of the cell. 
In other words, exoge- nous GH creates SASP, encouraging 
more senescent cells to develop, and causing 
complications from insulin resistance, cardiomyopathies, 
and other metabolic diseases. Negative feedback loss of GH 
production leads to supraphysiologic production of IGF1, 
which causes premature cellular senes- cence because of the 
deactivation of the SIRT1 control of p53 guided cell 
senescence. So, if GH is not the answer, what is? Peptides; 
specifically, a group of peptides that act on the release of 
growth hormone, hence their names: growth-hormone 
releasing hormone (GHRH) and growth-hormone releasing 
peptides (GHRPs) 

GHRH/GHRP: How You Can Restore Cell 
Efficiency When we recognize the decline of GH and IGF1, 
we can strategically improve cell efficiency in a num- ber of 
ways:   
•Optimize beta oxidation of fatty acids  
•Optimize the TCA cycle (aka the Krebs cycle)  
•Optimize oxidative phosphorylation  



•Increase AMPK  
•Increase PGC-1alpha  
•Increase PPAR-gamma, alpha, decrease TGF-beta  
•Increase NRF1,2 antioxidant related elements (AREs)  
•Increase TFAM  
•Optimize NAD+/NADH pool  
•Optimize SIRT gene activation  
•Optimize FOXO gene activation  
•Decrease IL2, IL6, upregulate IL10  
•Block nuclear transcription of NF-kB; leads to decreased 
IL1 Beta, IL6, TNF-alpha, IL18  
The following actions can help to reregulate autophagy in 
beta cells and increase the formation of autophagosomes.   
•Restore insulin receptor (IR) signaling, which acts 
synergistically with GLP-1 signaling  
and modulates autophagy, oxidative stress, protein 
synthesis, apoptosis, and mito- chondrial biogenesis.  
•Alleviate glucotoxicity, lipotoxicity, excess nitric oxide (NO), 
increased cytoplasmic  
calcium, oxidative stress, and cytokine-induced endoplasmic 
reticulum (ER) stress in both primary beta cells.  
•Reduce glial inflammation to elevate levels of the inhibitor 
of NF-κB (IκB-a), ulti-  
mately leading to a reduction in neuroinflammation.  
•Address mTOR by controlling for geoconversion (i.e., cell 
committing to senescence);  
use rapamycin to slow geoconversion and preserve cell 
proliferative potential.   Delay Senescence through 
GHRP The GHRPs have two receptors that are important to 
cell efficiency, besides their direct effect on growth hormone 



release; this graph emphasizes their pleiotropic effects. Look 
at how the CD36 receptor is integral in the control of tissue 
fibrosis, which is late sequelae of senescent cells.   
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5 Preparing the Immune System in the Age of Viruses, 
Bacteria, and Other Pathogens  As I write this book, all of us 
on the front lines of medicine and healthcare are trying to do 
our best to reassure patients, titrate supplies, and otherwise 
stay patient, mindful, and clear-eyed as we figure out how 
best to deal with the ongoing COVID-19 pandemic. Over the 
past two decades, we have experi- enced three major 



worldwide viral pandemics, including the 2001 SARS COV 1 
in southern China, the SARS MERS in 2008 from the Middle 
East, and now COVID-19. Similar to SARS and MERS, 
COVID- 19 is a type of virus that primarily attacks the lungs 
and upper and lower respiratory pathways, caus- ing an 
inflammatory response that shuts down varied aspects of 
the circulatory system. Symptoms include cough, fever, 
headaches, loss of smell and taste, and inflammation of the 
toes and feet.  But unlike MERS or SARS, COVID-19 is a novel 
coronavirus, which means very few people are showing 
antibodies and not enough time has passed for exposure to 
expand and create herd immu- nity. We are also not entirely 
sure how this particular virus spreads, why certain people 
test positive for the virus but are asymptomatic, and why 
still others who are seemingly healthy develop fatal cases of 
the disease. And although scientists, physicians, and other 
researchers are working tirelessly to test and ascertain 
antiviral protocols, there is no vaccine as of yet, and vaccines 
may or may not pro- vide sufficient protection—at best, 
current flu vaccines work only 50% of the time. It’s 
important to understand the potential limitations of vaccines 
to ensure safety. COVID-19 is showing up in ways that vary 
across the population, irrespective of age, gender, 
or ethnicity. Women, men, and children are presenting 
strokes, heart attacks, acute diabetes, and blood clots. We 
know that those people with preexisting conditions such as 
diabetes, heart disease, 
and COPD are more at risk of experiencing severe symptoms 
of COVID-19 because of compromised cell functioning and 
tissue degradation in those areas of the body affected by 



disease. Diabetes, a form of chronic inflammation of the gut, 
disrupts metabolism, and one end result is a highly acidic 
intestinal lining, which undermines one of the body’s first 
lines of defense—its microbiome. People with heart disease, 
high blood pressure, and atherosclerosis are also more 
vulnerable to COVID-19. When the heart and its vessels are 
constricted, the organs require more energy to func- tion. 
The same is true of lung conditions such as COPD and 
emphysema. These correlations between underlying 
conditions and COVID morbidity do share something in 
common: an immune response that is somehow not working 
efficiently or sufficiently. Most simply, we know that any 
time one part of the body is weak, other parts of the body are 
af- fected; a transfer of energy typically occurs so that the 
energy is directed to the areas where it’s most urgently 
needed. In essence, any virus or bacterial infection is met by 
the body’s immune response, which is made up of a complex 
interplay of biochemical, metabolic, and cellular reactions 
designed to fight against a pathogen. The innate system is 
that set of responses that occur as soon as the body  

recognizes an antigen’s presence in order to prevent 
infection and isolate or destroy the invader. It’s important to 
understand the basics of how our immune system works: 
our bodies are designed to automatically identify foreign 
invaders. A virus is a foreign invader. One of the first ways 
our im- mune systems fight a foreign invader is by sending 
cell signals to all parts of the brain and body to turn on its 
defense system. Sometimes this means inflammation—like 
when you stub your toe and it swells or when you get a cold 
and your nose gets stuffy. Inflammation is a signal that 



something 
is wrong. It’s the innate immune system’s job to be the first re
sponder, sending out several signals to attack any kind of 
pathogen (like a virus or bacteria invader). This frontline 
defense releases gamma delta T cells that act like an alarm 
system, signaling a series of reactions. Once this cycle is 
activated, 
the adaptive immune system assists the innate system to sign
al the TReg cells to call for macrophages, neutrophils, 
monocytes, and dendritic cells to engulf and otherwise get 
rid of the virus or other in- vader. Further innate responses 
ensue with assistance from the adaptive immune arm, 
leading to TReg cells directing further macrophage, 
neutrophil, and dendritic cells to engulf or neutralize 
the virus or other pathogens. Other mechanisms are at work 
as well, enabling the two immune systems to keep 
interacting efficiently. Think of the two systems this way: the 
innate system is on the front line and turns on the 
invaders with a series of bows and arrows, pushing the virus 
into retreat mode. Next, the adaptive immune re- sponse 
comes in with its antibodies like an army of Pac-Men, 
gobbling up the weak, retreating in- vaders. Keeping these 
systems working in tandem to protect and fight against 
something as nasty as COVID-19 requires that we feed our 
cells optimally. This is why nutrition, exercise, and high-
quality sleep are so important: they give the cells of the 
immune systems not just adequate sources of energy but 
preferable nutrition. These two arms of our immune system 
modulate each other; they also must work together to 
fight off any disease or infection. If one arm is compromised, 



it will trigger the other to work harder. If one is in a 
hyperactive mode, overworking, then the other arm will 
begin to dampen its response. The two arms are always in a 
give-and-take exchange, and if this exchange becomes 
dysregulated, further problems occur, including respiratory 
distress, blood clots, stroke, neurological symptoms, and 
the exacerbation of some autoimmune disorders, such as 
lupus or rheumatoid arthritis. These are down- stream 
effects that we are seeing in COVID-19 patients. Right now, 
the key for us is to give our cells the best possible 
opportunity to stay efficient so they can remain intelligent 
and control the processes of better DNA repair, autophagy, 
mitophagy, and apoptosis, all of which lead to better 
epigenetic influence, decreasing the senescent secretory 
pheno- type potential of aging and disease. I keep talking 
about cell efficiency for a reason: so much of our overall 
health depends upon our body’s cells being able to get the 
optimal nutrition, which leads to  

NAD+, NADPH, ATP, and Acetyl-CoA production for energy, 
and utilization of those energy sources to keep active and 
growing. When this cell cycle gets depleted—from either 
poor sources of nutrition or an immune response that is 
diverting nutrition or interrupting energy production or 
utilization— then cells can become senescent, which is the 
hallmark of all sorts of downstream diseases.   Innate and 
Adaptive Immune 
Systems The innate immune system is made up of various co
mponents, including physical barriers (such as the skin, 
epithelial and mucous membranes, and mucus itself); 
anatomical barriers; epithelial and phagocytic cell enzymes 



(such as lysozyme); phagocytes (neutrophils, 
monocytes, macrophages); inflammation-related serum 
proteins (C-reactive protein and lectins, for example); and 
antimicrobial peptides (including defensins and 
cathelicidin). The innate system also sends signals to toll-like 
receptors, which in turn release cytokines and inflammatory 
mediators (such as macrophages, mast cells, and natural-
killer cells).  These mechanisms create a cascade of signaling 
events to prevent infection, eliminate 
invader pathogens, and then turn on the acquired immune re
sponse. (For a more detailed description and analysis of the 
innate system, 
visit www.ncbi.nlm.nih.gov/books/NBK459455/.) The adapt
ive or acquired immune system occurs in conjunction with th
e innate system, and ideally is responding to signals from the 
innate system in an ongoing way. Like the innate 
response, adaptive response is designed to protect against 
further infection. It relies principally upon two specific cell 
types—beta cells and T cells—that respond to specific 
antigens. Again, whereas the innate system’s response, 
including inflammation and the release of cytokines, occurs 
within minutes or hours of contact with a pathogen, when 
it’s triggered to take over or help the innate system, the 
adaptive immune response occurs after several days. In 
general, the adaptive re- sponse entails several discrete 
steps:   
1.Recognize the antigen.  
2.Release white blood cells (lymphocytes), most significantly 
to assist in TReg dif-  
ferentiation.  



3.Activate and proliferate the responding cells.  
4.Transcribe genes.  
5.Synthesize proteins.  
6.Produce specific end products, such as antibodies, 
cytokines, and so on.  
 The immune system is intended to preserve homeostasis by 
combatting any internal (endogenous) or external 
(exogenous) stressors, toxins, or other agents that upset its 
capacity and efficiency for  

managing allostatic load. A preexisting condition like 
diabetes, heart disease, or COPD has already in- creased the 
allostatic load of the immune system—both its innate system 
and its adaptive—and therefore all protective or defensive 
capabilities have become overtaxed and downregulated. 
This combination, with increased senescence associated 
secretory phenotype and, as previously de- scribed, an 
overtaxed ACE2 and CD26 receptors, sets the stage for 
immune dysregulation. The world is anxiously in search of 
the appropriate vaccination or antiviral medication for 
stopping this specific coronavirus. I openly invite you to 
critically evaluate and consider whether, in conjunc- tion 
with this pathogen, it is necessary to prepare the cell for 
ultimate function and efficiency to im- prove any adjunctive 
treatment. Cell inefficiency and loss of metabolic flexibility 
tip the scales for any epigenomic stressor to influence cell 
phenotype, which further propagates cellular 
senescence. The time has come to recognize the metabolic 
efficiency of the cell as being a significant factor in preparing 
the cell for ultimate function when it is faced with 
unpredictable stressors like those present with the COVID-



19 pandemic. The growing stressors from increasing aging 
population to higher rates of metabolic, immunologic, 
microbial, and oncogenic disease further exacerbate 
the complications of understanding COVID-19. There’s a 
common theme here: the dysregulation of nu- cleotide 
cofactor ratios, which lead to increasing reactive oxygen 
species (ROS) and reactive nitrogen species (RNS), 
decreased mitochondrial efficiency, and loss of SIRT and 
FOXO gene transcription factors, triggers insufficient 
endogenous antioxidant functioning that is necessary to 
regulate cellular efficiency. When this occurs, we see 
enhanced stem cell, immune, and general cellular 
senescence depending on the environment. COVID-19 viral 
penetrance is dependent on ACE2 receptors (1 and 2). As we 
have already estab- lished, disease and aging ACE2 receptors 
are depleted, and this population is already 
disadvantaged by the loss of the regulation in the renin 
angiotensin system, which is dependent on checks and 
bal- ances between the pro-inflammatory renin/Ang 
II/AT1R and the anti-inflammatory ACE2/Ang(2 COVID19 
through 7)/MAS. Appreciating this dysregulation and further 
appreciating Ang II imbalance increases TGF-beta1 (TGFB1) 
and leads to an increased production of interleukin 10 
production, which continues a dysregulation of the innate 
and acquired immune response. The presence of a low-grade 
innate progression with increasing TGFB1 and increased 
signaling of interleukin 10 leads to untimely Interleukin 10 
constantly working against the innate system and di- rectly 
influencing a decrease in gamma delta T lymphocyte 
activation, which is needed to initiate a first response to the 



virus. Following this pathway, we add one more benefit of 
considering metabolic therapy. It has been made evident 
that sodium butyrate has a direct inhibition on renin 
production. A metabolic approach that considers the use of 
exogenous ketones could give a considerable advantage to 
balancing the RAS where Ang II predominates and is further 
enhanced by viral uptake of the re- maining ACE2 
receptors. Here I am emphasizing how metabolic influences 
directly and indirectly regulate immune  

modulation. Metabolic flexibility enables the inherent 
intelligence of the cell to regulate cellular redox and 
influence positive epigenetic determinants for a beneficial 
cell phenotype. Later in this book, I introduce specific 
immune cell modulating peptides like thymosin alpha 1 
(TA1), thymosin beta 4 (TB4), and other peptides that, when 
combined with the appropriate nutrition and exercise, give 
indi- viduals the necessary control of preparing their 
immune system for any potential assault. Recent COVID-19 
research out of China validates the significance of TA1 
treatment in reducing mortality in severe COVID-19 
patients. TA1 was shown to restore CD4 and CD8 T cells in 
circulation and reverses CD8 T cell exhaustion, thus 
reducing PD1 and TIM3 expression. PD1 is a 
programmed cell death receptor on the CD8 T cell that 
upregulates and directs attack on normal cells in the 
body (loss of self-tolerance). TIM3 regulates continued 
interferon gamma release when activated. Con- tinued 
activation leads to the innate immune response going into 
overdrive. In my opinion, this paper represents a 
tremendous step forward, validating immune modulating 



peptides like TA1. We now have more information to not 
only assist patients with immune overdrive, but also to 
prepare the im- mune system for improved modulation in 
preparing for viral exposure to COVID-19 or any other 
viral pathogen. Our best defense against any virus, including 
this coronavirus, is offense. Our bodies are supreme- ly 
intelligent and learn quickly. If we give our bodies the right 
information, we can jumpstart our im- mune systems both to 
resist COVID-19 and also to repair what’s under assault. 
Viral infections like COVID-19 are here to stay. The best way 
we can help our patients protect themselves and their 
loved ones is to continue to support their immune systems. 
Viruses love to mutate; the best defense is a strategically 
well-planned offense 

Peptides to Enhance Cellular Functioning, Regulation, 
and Efficiency to Delay Cellular Senescence  We have 
thousands of peptides at our disposal, with more compounds 
being explored and developed all the time. In this section of 
the book, I’ve put together five categories of peptides that 
address the underlying mechanisms of cellular functioning, 
repair, and efficiency. These peptides offer you a strong 
baseline for preventing and/or delaying cellular senescence, 
while also going after inflam- mation, mitochondrial 
degradation, and immune system dysfunction. To recap, cell 
senescence creates continued loss of cellular homeostasis 
and creates the envi- ronment for negative effects, including 
these:   
•Decreased GH, IGF1  
•Decreased mesenchymal stem cell function (loss of 
quiescence)  



•Increased cellular cortisol  
•Sarcopenia (catabolic state)  
•Decreased SIRT gene activity  
•Decreased NAD+/NADH ratio  
•Increased NADP+/NADPH ratio  
•Loss of FOXO gene activity  
•Decreased insulin sensitivity  
•Mitochondrial dysfunction  
•Decreased cognitive function and memory  
•Decreased immune function  
•Decreased mitochondrial biogenesis and efficiency with 
increased ROS  
•Decreased steroid production (mitochondria)  
These conditions and their root causes can be targeted with 

specific peptides 

6 Targeting GH and IGF Pathways to Reenter the Cell 
Cycle  As you know, cell senescence means cell arrest, which 
means that cells no longer actively participate in the cell 
cycle. Although there is still considerable controversy on 
stages of cellular senescence, I am of the opinion that we 
have more work to do to determine or predict how far a cell 
can commit to senescence and then still be able to reenter 
the cell cycle. As I mentioned in the last section, one global 
way of stimulating cells to reenter the cell cycle is through 
the GH and IGF pathways and giv- ing the cell the chance to 
benefit from improved autophagy and mitophagy. As a 
group, these pep- tides are referred to as HGH peptides and 
they work in various ways to improve cell cycle 
functioning and proliferation to signal endogenous growth 



hormone. These peptides are also used to improve 
the landscape for improved DNA repair so the cell can 
confidently reenter or continue the cell cycle. The purpose of 
this group of peptides is to elevate the physiologic release of 
endogenous GH, im- prove downstream transcription, and 
help with the translation of hepatic and, more 
importantly, extrahepatic cellular IGF1. However, we need to 
keep in mind that using a GHRH by itself does 
not necessarily mean there will be an immediate 
endogenous growth hormone release. The machinery in the 
anterior pituitary secretagogue is set in motion to produce 
the pulse of growth hormone, but the hypothalamus still 
controls the release of GH, with somatostatin having a rate-
limiting effect. In this way, though GH will eventually be 
released, it will not be until somatostatin inhibition is lifted. 
It’s for this reason that it’s important to consider using a 
GHRP in combination to ensure endogenous growth 
hormone release within a desired 20-minute window (I will 
go over more specifics on dosage and modes of use 
shortly). It’s also important to understand how consumed 
nutritional substrates affect GHRH/GHRP pep- tides. Pure 
protein has no effect on endogenous release of GH; on the 
other hand, carbohydrate 
and fatty acid consumption can blunt the GH release. I recom
mend following the simple rule of no food for up to 30 
minutes after GHRH/GHRP use and no food 1½ hours before 
use. These are the only peptides now known to be affected 
by nutrition. A general scheme of use could be utilizing them 
be- fore bedtime to ensure stage 4 sleep improvement and 
first thing in the morning before eating break- fast. (I 



present a general algorithm later at the end of the 
GHRH/GHRP section.) When GHRH and GHRP are used 
effectively, they can upregulate endogenous GH and IGF to 
im- prove cell efficiency by   
•Upregulating beta oxidation  
•Upregulating oxidative phosphorylation  
•Upregulating PGC-1alpha  
•Upregulating PPAR-gamma  
•Improving mitochondrial efficiency  

•Upregulating the SIRT gene  
•Activating the FOXO gene  
•Improving the stem cell stress response and maintaining 
the quiescent state  
•Decreasing cellular senescence  
•Improving cellular autophagy  
•Improving cellular mitophagy  
•Decreasing cellular apoptosis  
•Improving intracellular cortisol production  
•Improving immune function with a decreased TH17/TReg 
ratio  
•Improving NAD+/NADH ratio (increased)  
•Improving NADP+/NADPH ratio (decreased)  
  Types of Growth-Hormone Releasing Hormone (GHRH) 

and Growth-Hormone Releasing Peptide (GHRP) Types 
of GHRH Sermorelin: First FDA-
approved GHRH used to address short stature. MOD GRF (1-
29): The most commonly used, this hormone is known bette
r in the industry as CJC 1295 without DAC (a drug affinity 
complex that increases the half- life of MOD GRF [1-29]). CJC 



1295 Tesamorelin: This GHRH was FDA approved for visce

ral adiposity in HIV patients. Types of GHRP (aka 
ghrelin mimicking 
peptide) Hexarelin: The strongest GHRP in the family; kn
own to give the biggest pulse of all. Hexarelin will create 
prolactin and cortisol side effects. Desensitization will 
happen regardless of the 
dose. GHRP2: Second strongest in the category; desensitizati
on is unclear if used beyond saturation 
dose. GHRP6: Third in the lineup for potency; when shots ar
e broken up, desensitization does not occur. Creates slight 
prolactin and cortisol issues. GHRP6 is one of the only 
peptides that is known to actively increase ghrelin in the 
stomach. Ipamorelin: This is the mildest of the bunch; it doe
s not create prolactin or cortisol, and at very large doses, it is 
shown to give a large release of GH without desensi- tization. 
(This hormone is the most commonly 
used.) MK0677 (Peptide GHRP mimetic): Strong GH and p
otential supraphysiologic IGF1 response.  





As mentioned earlier, exogenous GH is not produced simply 
by stimulating GH, but rather by peptides that stimulate GH-
associated pathways. Keep in mind the differences between 
HGH and GHRH/GHRP 

GHRH Pleiotropic Effects First discovered in 1965 by 
Schally and colleagues as glandular extracts, the 
neurohormone GHRH was later discovered to have a wider 
role than originally thought. Specifically, in 1981, it was 
found that pancreatic tumors could produce GHRH. It was 
then discovered that GHRH receptors exist not only in the 
pituitary but also in other cells, including   
•Stem  
•Muscle  
•Liver  
•Fibroblasts  
•Bone  
•Fat  
•Pancreatic Islet  
•Cardiac  
•Immune—beta cells/monocytes (not T cells)  
•And others  
Applications: Today we use GHRH and its analogues to 
support the cell cycle, including   
•Regulation of cell growth  
•Proliferation  
•Differentiation  
•Survival  
•Neurochemical regulation of sleep  
•Support of deep non-REM sleep (stage 4)  
•Support of REM sleep mediated by GH  



•Mediation of GABAergic neurons in the anterior 
hypothalamus/preoptic region  

MOD GRF (1-
29) Modified Growth Hormone Releasing Factor (1-
29) (MOD GRF [1-
29]) is also known as CJC 1295 without DAC by compounding
 pharmacies. Properties:   
•29 amino acids: Tyr-D-Ala-Asp-Ala-Ile-Phe-Thr-Gln-Ser-
Tyr-Arg-Lys-Val-Leu-Ala-  
Gln-Leu-Ser-Ala-Arg-Lys-Leu-Leu-Gln-Asp-Leu-Leu-Arg-
NH2NH2  
•Molar mass = 3367.89 g/mol  
•Analogue of GHRH  
•Also known as CJC 1295 without DAC  
•Half-life is approximately 30 minutes  
•Longer acting than sermorelin (GRF 1-29) (5–6 minutes)  
Applications:   
•Bottom line is to improve HGH levels  
•Modified in such a way that it makes the pituitary follow a 
natural pulsatile release  
manner similar to GRF (1-44), which has a half-life of 5–7 
minutes  
•Beneficial in promoting muscle growth and fat burning  
•Useful in those looking to slow aging  
•May improve sleep  
Dosage:   
•A saturation dose of 100 mcg is typically used.  
•1 mg/kg  



•Any higher dosage adds minimally to the pulse of GH 
released.  

CJC 1295 CJC 1295 is also known as MOD GRF (1-
29) with DAC (drug affinity complex) Properties:   
•Molecular weight (MW) = 3367.9 g/mol  
•Sequence: C152H252N44O42  
•DAC increases half-life.  
•Measurable concentration after 6–8 days  
•>90% binding to serum albumin  
•Elevates GH and IGF1 for several days after a single 
administration  
Applications:   
•Similar applications to MOD GRF (1-29), with a longer half-
life and more potential for  
increasing IGF1 response above physiologic levels, which 
may be more advantageous in the short term  
•Used for burns or significant soft-tissue injury applications 
post surgery  
Dosage:   
•Twice a week at 100 mcg, or  
•100 mcg daily (This dosage works best for short-term 
treatment to elevate IGF1 above  
physiologic levels.)  

Tesamorelin Tesamorelin is known by the trade name 
EGRIFTA. Properties:   
•MW = 5136 g/mol  
•GHRH of 44 amino acids  



  
•Developed to treat HIV lipodystrophy  
•Pulsed from the anterior pituitary  
•IGF1 negative feedback loop is maintained  
Applications:   
•Influences bone mineral density  
•Supports muscle metabolism  
•Helps lipid metabolism  
•Controls inflammation  

•Enhances vascular health  
•Contributes to improved cardiovascular mortality  
When Used for GH Deficiency:  
•Higher BMI  
•Increased central adiposity  
•Higher triglyceride  



•Decreased HDL  
•Increased hypertension  
•Increased carotid intima media thickness (CIMT)  
•Elevated CRP  
When Used for GH Replacement:  
•Increased muscle mass  
•Decreased overall fat and visceral adiposity  
•Improved dyslipidemia  
•Reduced systemic inflammation  
•Decreased Charcote-Marie-Tooth Disease (CMT)  
•Potential improved cardiovascular health  
Dosage:   
•2 mg, subcutaneously (Sub Q), daily from studies  
•Suggest 1 mg daily. This dose results in a 14% difference in 
IGF1 stimulation after 6 to  
7 days. Possible Side Effects:   
•Increased IGF1  
•Injection site erythema  
•Injection site pruritis  

•Peripheral edema  
•Myalgias  
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Applications: 

Influences bone mineral density 

Supports muscle metabolism 
Helps lipid metabolism 

Controls inflammation 

Enhances vascular health 
Contributes to improved cardiovascular mortality 

When Used for GH Deficiency: 

Higher BMI 

Increased central adiposity 
Higher triglyceride 

Decreased HDL 

Increased hypertension 
Increased carotid intima media thickness (CIMT) 

Elevated CRP 

When Used for GH Replacement: 
Increased muscle mass 

Decreased overall fat and visceral adiposity 

Improved dyslipidemia 

Reduced systemic inflammation 



Decreased Charcote-Marie-Tooth Disease (CMT) 
Potential improved cardiovascular health 

Dosage: 

2 mg, subcutaneously (Sub Q), daily from studies 
Suggest 1 mg daily. This dose results in a 14% difference in IGF1 stimulation after 6 to 7 days. 

Possible Side Effects: 

Increased IGF1 

Injection site erythema 
Injection site pruritis 

Peripheral edema 

Myalgias 

GHRP: Ghrelin-like This peptide is typically used in 
combination or as a stand-alone because of its function to 
aid in the immediate release of GH. Properties: Acute 
ghrelin or agonists (GHRP-2, Ipamorelin, GHRP-6, Hexarelin, 
MK0677) can   
•Be anti-depressive  
•Minimize anxiety  
•Protect against stress  
•Potentially be neurologically protective  
•Antagonize somatostatin  
•Stimulate release of GHRH  
•Increase GH release from somatotrophs in the anterior 
pituitary  
•Ghrelin binds to GHSR (growth hormone secretagogue 
receptor) to increase GHRH  
neuron excitability by augmenting their action potential 
firing rate and decreasing the strength of GABA inhibitory 
inputs, thereby leading to an enhanced GHRH release. GHRP 
Pleiotropic Influences  
•Improved GHRH release  
•Cytoprotection  
•Inflammation/immunity  



•Cardiac  
•GI  
•Brain  
•Renal  
•Pain  
•Arthritis  

•Bone mineral density (BMD)  
•Neuromuscular  
  Note: It’s important to recognize that overstimulation of a G
HRP receptor with a high dose of GHRP can desensitize the 
release of GH by causing an internalization of the 
GHSR1alpha recep- tor where the GHSR1beta receptor is 
activated and causes an internalization of the 
receptor.   Applications: Ghrelin-like GHRP has a positive 
effect on   
•Cachexia  
•COPD  
•CVD  
•Chronic renal failure  
•Chronic respiratory disease  
Possible Side Effects:   
•Injection site erythema  
•Injection site pruritis  
•Peripheral edema  
  Ghrelin/GHRP in the Brain Ghrelin in the brain is a stress 
hormone that acts independent of cortisol. Whether this 
activity is good or bad depends on how long the GHSR1alpha 
is activated. (Keep in mind that overstim- ulation can 
internalize a receptor with GHSR1beta activation of 
Hexarelin and MK0677. 



Ipamorelin This GHRP is preferred and most commonly 
used. Properties:   
•GHRP; third generation  
•Increases GH release per somatotrope  
•Selective agonist for ghrelin  
•Sequence: Aib-His-D-2-Nal-D-Phe-Lys-NH2  
•MW = 711.85296 g/mol  
•Stable form  
•Suppresses somatostatin  
•Doesn’t raise cortisol, aldosterone, or prolactin levels  
•At very large doses, was reported to give a large release of 
GH without desensitization  
•Doesn’t promote hunger  
•Doesn’t have ghrelin’s lipogenic properties  
•2-hour half-life  
•Increases bone growth  
•Improves GI recovery after bowel resection and is a 
treatment of postoperative ileus  
Dosage:   
•100 mcg  
•1 mg/kg  
•Can be dosed alone or with GHRHs  
Possible Side Effects:   
•Injection site erythema  
•Injection site pruritis  

•Peripheral edema 

GHRP-6 Properties:   
•Third strongest GHRP  
•Hexapeptide  



•Sequence: His-D-Trp-Ala-Trp-D-Phe-Lys-NH2  
•MW = 873.014 Daltons  
Applications:   
•Used to increase growth hormone (GH)  
•Stimulates hunger  
•Increases ghrelin  
•If cachectic, increases appetite and lean mass  
•Can cause a transient increase in cortisol  
•Restores GH secretion in obesity  
•Improves stage 2 sleep  
Dosage:   
•100 mcg  
•1 mcg/kg  
•Can be dosed with or without GHRH  
•Can be used at night to improve sleep  
•Can be applied as a microdose at site of injury  
Possible Side Effects:   
•Injection site erythema  
•Injection site pruritis  

•Peripheral edema 

GHRP-2 (Growth-Hormone Releasing Peptide 
2) Properties:   
•MW = 817.9  
•Sequence: H-D-Ala-D-2-Nal-Ala-Trp-D-Phe-Lys-NH2  
•Interacts with ghrelin receptor  
•Has a potent stimulatory effect on growth hormone 
secretion and a slight stimulatory  
effect on prolactin, ACTH, and cortisol  
•Increases growth velocity in children  



•High-dose treatments decrease the levels of both GHRH 
receptor and  
GHSR mRNA helping desensitization and downregulation of 
the receptor  
•Improves appetite, weight gain in anorexia  
•Normalizes IGF in critical illnesses  
•Transient increases in cortisol  
Dosage:   
•100 mcg daily  
•Can be dosed with or without GHRH  
Possible Side Effects:   
•Increases in cortisol, prolactin, and ACTH  
•Increases in appetite, weight gain  
•Hypoglycemia  

GHRP-2 (Growth-Hormone Releasing Peptide 

2) 
Properties: 

MW = 817.9 

Sequence: H-D-Ala-D-2-Nal-Ala-Trp-D-Phe-Lys-NH2 
Interacts with ghrelin receptor 

Has a potent stimulatory effect on growth hormone secretion and a slight stimulatory effect 

on prolactin, ACTH, and cortisol 
Increases growth velocity in children 

High-dose treatments decrease the levels of both GHRH receptor and GHSR mRNA helping 

desensitization and downregulation of the receptor 

Improves appetite, weight gain in anorexia 

Normalizes IGF in critical illnesses 

Transient increases in cortisol 

Dosage: 
100 mcg daily 

Can be dosed with or without GHRH 

Possible Side Effects: 
Increases in cortisol, prolactin, and ACTH 

Increases in appetite, weight gain 



Hypoglycemia 

MK0677 (Ibutamoren mesylate) Properties:   
•Oral form of GHRP  
•MM = 528.7 g/mol  
•Sequence: C27H36N4O5S  
•12.5 mg BID  
•Increases GH/IGF1  
•Is a non-pulsed ghrelin agonist  
•Has a 24-hour half-life  
•Can lead to involution of receptors in brain  
•It is suggested that this peptide be used no longer than 8 to 
12 weeks to avoid poten-  
tial internalization of the receptor.  
•Irreversible neurological damage (prolonged 
internalization is suggested with no  
recovery of the receptor)  
•Increases cortisol levels (by 2.3 times)  
Dosage: The following chart shows a general dosing scheme 
that is particular to a GHRH/GHRP like MOD GRF (1-29) or 
Ipamorelin.   





Possible Side Effects:   
•Peripheral edema  
•Increase in depression and anxiety can occur with extended 
use and over-saturation of  
receptors 

Epithalon (epithalon acetate tetra-
peptide) Epithalon (also known as Epitalon or Epithalone) 
is the synthetic version of the polypeptide epitha- lamin, 
which is naturally produced in humans. This pineal peptide 
preparation is secreted in the epi- thalamium-epi-physeal 
region of the brain. Epithalamin increases a person’s 
resistance to emotional stress and also acts as an 
antioxidant. It is a bioregulator for the endocrine system, 
especially for the pineal gland, and has been shown to 
lengthen telomeres in human cells. It also reduces lipid 
oxida- tion and ROS and normalizes T cell function, which 
helps with cell repair. Additionally, it has restored and 
normalized melatonin levels in older people who have lost 
some pineal function due to 



aging.  

 

Properties:   
•MM = 390.34588 g/mol  
•Sequence: Alanine-Glutamate-Asparagine-Glycine  
•Anti-aging  



•Regulates cell cycle through telomerase activity 
upregulation  
Applications:   
•Decelerates aging  
•Suppresses tumor development  
•Induces telomerase activity  
•Induces telomere elongation  
•Prevents chromosome fusion  
•Decreases incidence of spontaneous radiation in 
carcinogenic tumors  
•Normalizes reproductive system in senescent animals  
•Improves antioxidant defense  
•Normalizes melatonin levels  
•Improves cortisol secretion consistent with circadian 
rhythm  
•Improves insulin sensitivity  



 Dosage:   
•Can be used as a starting therapy to help DNA repair and 
upregulate antioxidants  
•Can be given as a stand-alone therapy twice a year because 
it’s important to cell pro-  
tection, improving cell resistance, and stopping senescence 
from occurring  



•Can be used intermittently in other scheduled peptide 
therapies  
•100 mg total; 10 mg IM q day for 10 days, every year, for 2 
years  
•50 mg total (Ukraine Academy Medical Sciences); 10 mg IM 
q every third day, every 6  
months, for 3 years  

Possible Side Effects:   
•Injection site erythema  
•Injection site pruritis  
•Peripheral edema  

Epithalon (epithalon acetate tetra-peptide) 
Epithalon (also known as Epitalon or Epithalone) is the synthetic version of the polypeptide 

epithalamin, which is naturally produced in humans. This pineal peptide preparation is 
secreted in the epithalamium-epiphyseal region of the brain. Epithalamin increases a 

person’s resistance to emotional stress and also acts as an antioxidant. It is a bioregulator for 

the endocrine system, especially for the pineal gland, and has been shown to lengthen 
telomeres in human cells. It also reduces lipid oxidation and ROS and normalizes T cell 

function, which helps with cell repair. Additionally, it has restored and normalized melatonin 

levels in older people who have lost some pineal function due to aging. 



 
Properties: 
MM = 390.34588 g/mol 

Sequence: Alanine-Glutamate-Asparagine-Glycine 

Anti-aging 

Regulates cell cycle through telomerase activity upregulation 

Applications: 

Decelerates aging 

Suppresses tumor development 
Induces telomerase activity 

Induces telomere elongation 

Prevents chromosome fusion 
Decreases incidence of spontaneous radiation in carcinogenic tumors 

Normalizes reproductive system in senescent animals 



Improves antioxidant defense 
Normalizes melatonin levels 

Improves cortisol secretion consistent with circadian rhythm 

Improves insulin sensitivity 

 
Dosage: 

Can be used as a starting therapy to help DNA repair and upregulate antioxidants 

Can be given as a stand-alone therapy twice a year because it’s important to cell protection, 

improving cell resistance, and stopping senescence from occurring 
Can be used intermittently in other scheduled peptide therapies 

100 mg total; 10 mg IM q day for 10 days, every year, for 2 years 

50 mg total (Ukraine Academy Medical Sciences); 10 mg IM q every third day, every 6 months, 
for 3 years 

Possible Side Effects: 



Injection site erythema 
Injection site pruritis 

Peripheral edema 

7 Cellular Repair: Helping Cells Recover  The peptides in this 
group are particularly effective in giving cells what they 
need to restore their func- tioning after damage. Cellular 
repair is a complex process that requires efficient cellular 
metabolism and cell signaling linked to ultimate control by 
circadian clock mechanisms. Circadian clock control genes, 
CLOCK, BLAM1 (activation), PER, and CRY (inhibition), 
influence the master circadian clock in the suprachiasmatic 
nucleus (SCN) of the anterior hypothalamus. This master 
clock acts as the pace- maker, directing other independent 
central nervous system and peripheral tissue oscillators. 
These genes drive circadian clock oscillations in different 
biological processes including cellular repair, sleep, 
locomotor activity, body temperature, hormone levels, and 
blood pressure. Almost half of the protein coding genes 
show circadian rhythms in their transcription.  Cell 
metabolism is regulated by peptides, hormones, enzymes, 
and transport systems that are di- rectly influenced by 
circadian rhythm. The master circadian clock influences cells 
individually, but these cells also have autonomous circadian 
functions. Modulation of gene expression, secretion 
of proteins, and activation of metabolites in these cells is 
defined by circadian rhythms and governed by a network of 
autoregulatory feedback loops of 
transcription/translation. Circadian disruptions are 
associated with many pathological conditions such as 
depression, anx- iety, pain, fatigue, obesity, diabetes, 
immune disorders, psychiatric disorders, cancer, and 



premature aging. I believe all these pathological entities that 
are linked to circadian rhythms begin with disruption 
in cellular repair. Cellular and extracellular maintenance 
depend significantly on the activity of the 
fi- broblast, and important functions of fibroblasts begin wit
h wound healing. Fibroblasts are mes- enchymal cells that 
secrete an extracellular matrix and require motility 
dependent on actin filaments in the extracellular matrix. F-
actin is important for efficient wound healing and motility of 
fibroblast and most eukaryotic cells. Regulation of the actin 
cytoskeleton is controlled by actin effector proteins  

Cofilin-2 and RhoA. The transcription of these proteins is 
rhythmically expressed. Cytoskeleton changes are necessary 
for proper cellular adhesion and proper cellular migration is 
needed for maintenance and repair. If we appreciate the fact 
that nutrition, sleep, exercise, and life stressors di- rectly 
influence circadian rhythms, we can then appreciate how 
just repetitive daily cell maintenance and repair are very 
dependent on appropriate circadian oscillations. The actin 
cytoskeleton is essen- tial to cellular division, signal 
transduction, and efficient cellular maintenance and 
repair. Stem cell function is required for daily tissue 
maintenance and repair. Transcriptional changes under the 
control of circadian rhythms are essential for the proper 
function of stem cells. Disrupted circadian clock genes in 
stem cells demonstrate impaired function and self-
renewal. The peptides that are described in this chapter are 
the core of many peptides that are utilized for resetting this 
molecular clock and activating cell signaling pathways 
necessary for efficient cellular re- pair 



BPC 157 (body protection compound 157) BPC 
157 is a 15-chain amino acid peptide that was discovered in 
and isolated from human gastric juice. It has been shown to 
accelerate wound healing, including tendon-to-bone and 
ligament dam- age. In addition, BPC 157 seems to protect 
organs and to prevent ulcers of the stomach. This peptide is 
also shown to decrease pain in damaged areas. It has been 
found to modulate the serotonergic and dopaminergic 
systems and offers neuroprotective effects, including 
neurogenesis, and can work well for patients suffering from 
traumatic brain injuries (TBI). Working on the brain-gut 
axis, BPC 157 of- fers tremendous potential healing for a vast 
array of cell repair. Properties:   
•Pentadecapeptide (15-amino acid chain)  
•MW = 1419  
•Sequence: Gly-Glu-Pro-Pro-Pro-Gly-Lys-Pro-Ala-Asp-Asp-
Ala-Gly-Leu-Val  
•Focuses on the gut-brain axis  
•Human BPC is found in gastric juices.  
Applications:   
•Is used in deep skin burns, corneal injuries  
•Is used when there is an injured muscle, tendon, ligament, 
or bone  
•Offers gastric protection  
•Is an antiulcer peptidergic agent  
•Is cytoprotective  
•Improves nitric oxide (NO)  
•Helps improve GI mucosal integrity  
•Decreases the gastric side effects of NSAIDs and alcohol  
•Helps heal tissues  



•Reportedly improves cell survival under oxidative stress  

•Increases fibroblast migration and dispersal  
•Induces F-actin formation in fibroblasts  
•Improves angiogenesis  
•Enhances vascular expression of VEGFR2  
•Increases the extent of phosphorylation of paxillin and FAK 
proteins with-  
out affecting the amounts produced  
•Neuroprotective  
•Influences serotonergic, dopaminergic, opioid, and 
GABAergic systems  
•Improves nerve regeneration  
•Decreases neuroinflammation  
•May help with depression  
•Ameliorates alcohol withdrawal symptoms and opposes 
alcohol intoxi-  
cation  
•Cardioprotective  
•May help regulate blood pressure  
•Rapidly and permanently counteracts the QTc prolongation 
induced by  
neuroleptics (such as haloperidol, fluphenazine, clozapine, 
olanzapine, quetiapine) and prokinetics Dosage:   
•Half-life of approximately 4 hours  
•For general use 400–600 mcg/day total Sub Q; Oral = 500–
1,000 mcg daily  
•If injury specific, split dosing into 200–300 mcg BID Sub Q, 
injected specifically  



around injury 
site.   Note: BPC 157 counteracts effects corticosteroids have
 on muscle; results can be spontaneous  

and improve over 2 to 4 weeks’ treatment.   Possible Side 
Effects:   
•Injection site erythema  
•Injection site pruritis  
•Peripheral edema 

GHK-Cu (Copper tripeptide GHK-Cu) This 
naturally occurring copper peptide occurs in human plasma; 
however, as people age, they lose capacity for production. 
This tripeptide GHK-Cu helps activate wound healing, 
regulates immune re- sponse, acts as an anti-inflammatory 
and antioxidant, and stimulates collagen synthesis. 
Research points to GHK-Cu helping to modulate gene 
expression with anti-aging 
benefits.  



Properties:   

•MW = 403.9242 g/mol  



•Naturally occurring copper complex of a glycyl-L-histidyl-L-
lysine peptide  
•Has a high affinity for copper  
•First isolated from human plasma, but is also found in 
saliva and urine  
•We lose GHK as we age; at age 20, the plasma level of GHK 
is about 200 ng/ml. By  
age 60, it declines to 80 ng/ml.  
•Decline in GHK coincides with noticeable decrease in the 
rejuvenative capacity of an  
organism. Applications:   
•Activates wound healing, including gastric  
•Attracts immune cells  
•Is an antioxidant  
•Is an anti-inflammatory  
•Stimulates collagen and glycosaminoglycan synthesis in 
skin fibroblasts  
•Modulates the activity of both metalloproteinases and their 
inhibitors  
•Improves stem cells  
•Defends against tumors  
•Restores replicative vitality to fibroblasts after radiation 
therapy  
•Helps regenerate skin; useful for diabetic skin ulcers  
•In cosmetic products, GHK has been reported to  
•Stimulate hair growth  
•Tighten loose skin  
•Improve elasticity  
•Improve skin density and firmness  
•Reduce fine lines and wrinkles  



•Reduce photodamage and hyperpigmentation  
•Increase keratinocyte proliferation  
•Stimulate nail growth  
Dosage:   
•1 to 2 mg/day for 6-week intervals  
•Can be utilized 3 to 4 times a year  
Possible Side Effects:   
•A possibility of copper toxicity; monitor carefully.  
•The lunula of the nail turns blue (corrects over 4 to 6 weeks 

DSIP As we know, a consistent amount of sleep, including 
REM and deep sleep (stage 4), is an important predictor of 
overall immunity and cellular recovery. DSIP (delta sleep-
inducing peptide) is a peptide that not only addresses sleep 
disturbance, but also helps in cellular repair by inducing 
alpha waves, improving REM, resetting the Circadian Clock 
genes, and suppressing paradoxical sleep. Properties:   
•Sequence: N-Trp-Ala-Gly-Gly-Asp-Ala-Ser-Gly-Glu-C  
•MW = 849  
•Half-life: 7 to 8 minutes  
•Naturally occurring  
•First isolated in rabbits  
•A similar peptide is found in high concentrations in human 
milk.  
•DSIP shows a diurnal pattern.  
•Can cross the blood-brain barrier  
Applications:   
•Acts as an anticonvulsant  
•Has a neuroprotective effect  
•Attenuates emotional and psychological responses to 
stress  



•Attenuates a corticotrophin releasing factor on the pituitary 
gland  
•Has antioxidant benefits that can slow down cell damage  
•Decreases excitotoxicity as a result of its influence on the 
NMDA-subtype of the neu-  
ronal glutamate receptors  
•Modulates neurotransmitter balance  
   

Facts about Sleep In order to use DSIP effectively, it’s 
important to keep the sleep cycle in mind.   
•There are five sleep stages: 1, 2, 3, 4, and REM (rapid eye 
movement) sleep.  
•Stages 3 and 4 are referred to as deep sleep, slow-
wave sleep, or delta sleep.  
•The first sleep cycle takes about 90 minutes. After that, they 
average between 100  
to 120 
minutes. 



  



 Slow-Wave Sleep Disruptors  
•Sleep deprivation  
•Parkinson’s disease  
•Diabetes and insulin resistance  



•Fibromyalgia  
•Alcoholism  
•Narcolepsy  

•Depression  
•Anxiety  
•OCD  
•ADHD  

Background  
•Delta waves are the predominant wave forms of infants.  
•Delta waves have been shown to decrease across the 
lifespan.  
•When a person reaches 75 years of age, stage 4 sleep and 
delta waves may be ab-  
sent.  Endocrine Functions:   
•Reduces plasma ACTH  
•Stimulates release of luteinizing hormone (LH)  
•Increases GHRH secretion  
•Releases thyroid stimulating hormone (TSH) because of 
being in slow wave sleep  
phase (SWS)  
•Increase in endorphin release centrally to cope with pain  
•Restores disrupted sleep  
•Assists with alcohol and opioid withdrawal  
•Has an antihypertensive effect  
•Stimulates antimetastatic activity  
•Aids in soothing chronic pain  
•Has either a direct or indirect effect on body temperature 
and alleviates hypothermia  
•Enhances neurocognition  



•Can increase testosterone levels because it stimulates the 
release of LH  

Dosage:   
•100 mcg Sub Q at night, 3 hours before bedtime  
•Frequency varies based on clinical response  
•Could be given daily, every 3 days, every week  
•When the patient stabilizes, doses may be decreased to 50 
mcg.  
Possible Side Effects:   
•May disrupt sleep  
•As with all injections, redness and pain at the site of 
injection may be present.  
•Transient headache, nausea, vertigo  
  Note: Naloxone is reported to block the effects of DSIP.    Do
sing When Using DSIP/Glycine (Deltaran) (DSIP 
compounded with Glycine)   
•100 mcg Sub Q  
•Adds to CNS inhibitory effect, similar to GABA, protecting 
the brain  
from excitotoxic damage  
•Binds toxic compounds (aldehydes and ketones) produced 
in large  
quantities in acute ischemia  
•Upregulates humoral and cellular immunity 

TB4 (Thymosin Beta 4) TB4 is an important player in 
cell repair; I’ve chosen to introduce it more fully in the next 
chapter when we discuss immunity, but it’s important to 
keep it in mind when you think of mechanisms for cell 
repair:   



•Is important in wound healing specific to maintaining the 
actin cytoskeleton with G-  
actin sequestration; this mechanism is controlled by the 
circadian clock, which is why DSIP, TB4, and other peptides 
are administered at night for best cell repair.  
•Increases cell motility and migration  
•Decreases fibrous growth in ligaments, tendons, and 
muscles to aid in tissue healing  

TB4 (Thymosin Beta 4) 
TB4 is an important player in cell repair; I’ve chosen to introduce it more fully in the next 
chapter when we discuss immunity, but it’s important to keep it in mind when you think of 

mechanisms for cell repair: 

Is important in wound healing specific to maintaining the actin cytoskeleton with G-actin 
sequestration; this mechanism is controlled by the circadian clock, which is why DSIP, TB4, 

and other peptides are administered at night for best cell repair. 

Increases cell motility and migration 

Decreases fibrous growth in ligaments, tendons, and muscles to aid in tissue healing 

Cellular Enhancement and Immune Modulation  When 

addressing or anticipating cellular senescence, a frontline 

offense is to improve the immune modulation between the 

innate and adaptive cell response. The peptides in this 

category offer you a one-two punch to enhance overall 

cellular functioning and improve immune modulation. Your 

go-to sources for this are the peptides TA1 and TB4. These 

master peptides work against the inflammatory state of 

senescent cells. Specifically, TA1 works directly as a 

senolytic agent that supports apoptosis; TA1 also 

upregulates glutathione, promotes and improves cellular 

redox, and initiates IL10 tran- scription, improving 

senomodulation. TA1 can take away the camouflage trick 

that senescent cells use to hide themselves. This then 



improves the ability of natural killer (NK) cells to eliminate 

the senes- cent cell. TB4 is a powerful agent for stopping 

nuclear factor kappa beta (NF-kB) from transcribing pro-

inflammatory cytokines, and so on, thus helping to limit the 

number of bad messengers the senescence signature sends 

out 

TA1 Cellular senescence is the primary reason for early 
dysfunction of the thymus and thymic involution (the 
shrinking of the thymus with age). As we’ve seen, cell 
efficiency depends on optimal mitochon- drial function in 
conjunction with efficient and responsive autophagy. These 
functions depend on a cell’s metabolic flexibility so it can 
optimally utilize substrates such as fatty acids, glucose, and 
pro- tein at appropriate times of demand. Loss of cell 
efficiency due to epigenomic stressors such as 
poor nutrition, anxiety, viral or bacterial pathogens, or 
metabolic decline in GH and IGF1, can lead to reac- tive 
oxygen species (ROS), DNA damage, and eventual cell 
senescence. Specifically, cell senescence leads to damaged 
thymic stromal and thymic epithelial cells (TECs). In the 
thymus, the resulting decrease in NAD+/NADH ratios and 
increase in NADP+/NADPH ra- tios cause cells to lose the 
ability to provide sufficient NAD+ for adequate ATP and 
NADPH produc- tion to control free radical production. This 
process leads to a decline in T cells able to go 
through differentiation in the bone marrow to become naïve 
TH0 cells; in the thymus these cells are unable to progress to 
naïve forms of CD4+ T cells and CD8+ T cells. (Please note: 
we can also assume that the senescence process influences 



the bone marrow and because of selection demands, 
erythrocytes are the primary focus and the differentiation of 
naïve TH0 cells is also diminished.) The decline in T 
cells leads to reduced reinforcement to the periphery of the 
body. The end result is impaired immune re- sponse to new 
pathogens, cancer, autoimmune disorders, increased 
inflammatory state, and reduced response to 
vaccinations. Thymosin alpha 1—or TA1—addresses this 
confluence of cellular events related to the thymus. TA1 is a 
major component of Thymosin Fraction 5, a natural thymic 
peptide that restores the immune function of the thymus and 
opposes the declines with structural changes of the thymus 
with aging. Thymosin alpha 1 can increase the Major 
Histocompatibility Complex 1 (MHC1) on CD+8 T cells 
and Major Histocompatibility Complex 2 (MHC2) on CD+ 4 
helper cells.  TA1 has a pleiotropic effect able to modulate 
the innate (TH1) and acquired (TH2) immune system  

to maintain immune homeostasis. TA 1 also acts like a 
multitasking peptide that can restore overall immune 
system homeostasis under physiologic and pathophysiologic 
conditions. It’s currently being used to treat Chronic 
Inflammatory Response Syndrome, Lyme disease, and a 
multitude of autoim- mune diseases; as an adjunct cancer 
therapy; and as a prophylactic treatment against viral 
infections, such as COVID-19. TA1 works on both arms of 
immune regulation—TH1/TH2. When modulating the TH1 
side of the equation, TA1 augments interleukin 2 (IL2), 
interferon gamma (IFN-g), induction of natural killer cells, 
and thymopoiesis. TA1 downregulates terminal 
deoxynucleotidyl transferase (TdT) in the thy- mus and 



increases maturation from Th0 T cells to CD+8 T cells and 
CD+4 T cells. TA1 antagonizes glucocorticoid-induced T cell 
apoptosis. TA1 can also influence the TH2 arm of the 
immune system by upregulating indoleamine 2,3 
dioxygenase (IDO), which leads to increased FOXO3 and 
interleukin 10 (IL10) transcription in TReg cells. This effect 
dampens the TH1 cytokine, chemokine, and 
protease response on the innate immune system. 
Glutathione, a powerful endogenous antioxidant, is 
also upregulated to improve the redox of the 
cell. Properties:   
•Synthetic thymic peptide  
•28 amino acids  
•Sequence: Ac-Ser-Asp-Ala-Ala-Val-Asp-Thr-Ser-Ser-Glu-Ile-
Thr-Thr-Lys-  
Asp-Leu-Lys-Glu-Lys-Lys-Glu-Val-Val-Glu-Glu-Glu-Asn-
OHOHOH  
•MW = 3108.28  
•Modulates innate immunity  
•Pleiotropic  
Applications: Cell-Enhancing Applications:   
•Promotes T cell differentiation and maturation in vivo and 
in vitro data  

•Decreases T cell apoptosis  
•Improves TH1 responses  
•Balances TH1/TH2  
•Activates indoleamine 2.3-dioxygenase enzyme; dampens 
immunity  
•Enhances dendritic cells  
•Enhances antibody responses  



•Blocks steroid-induced apoptosis of thymocytes  
•Has antitumor effects  
•Provides protection against oxidative damage  
Disease Applications: TA1 is often employed in conditions 
that require immune response modulation.   
•For treatment of Hepatitis B and C  
•For treatment of HIV/AIDS (can be used in conjunction with 
oral antiretroviral treat-  
ments)  
•In cancer treatment as a chemotherapy adjunct  
•In non-small-cell lung, hepatocellular, and malignant 
melanomas  
•For treatment of DiGeorge’s syndrome  
•To improve a depressed response to vaccinations  
•For treatment of Lyme disease  
•In chemo attractant stimulation  
•As an adjunct to flu vaccines, especially in geriatrics  
•For treatment of chronic inflammatory/autoimmune 
conditions (e.g., CFS/  
fibromyalgia)  
•To fight sepsis  
•To possibly reduce hematological toxicity of cytotoxic drug 
therapies, including  

cyclophosphamide, 5-fluorouracil (5FU), dacarbazine, and 
ifosfamide   TA1 Used to Treat Common Chronic 
Illnesses Studies report immune dysfunction is associated 
with a wide variety of common chronic ill- nesses; TA1 is 
used effectively to help treat the following conditions:   
•Chronic stress  
•Depression  



•Metabolic syndrome  
•Weight-management issues  
•Insulin resistance and type 2 diabetes  
•The increased oxidative stress associated with aging  
•Chronic fatigue syndrome/fibromyalgia  
•Other autoimmune conditions  
•Cancer  
•Environmental toxins  
•Chronic infections, including Lyme, viruses, Candida, and 
many parasites  
•Glutathione depletion that consistently results in a TH1 to 
TH2 shift  
•Dysbiosis  
•Food allergies or sensitivities  
•Zinc and selenium deficiencies  
  



Mode of Action  Dosage:   
•2-hour half-life  
•1.5 mg Sub Q every third day  
•Treatment from 2 weeks for viral infection to 3 months or 
longer for HIV, cancer, Hep-  
atitis B/C, or complicated immune suppression or over-
activation   Zadaxin (thymalfasin)  



This pharmaceutical brand of TA1 has been approved in 30 
countries. In the US, it’s currently ap- proved by the FDA 
under the Orphan Drug Designation program. It is currently   
•Indicated as a monotherapy or combined with interferon 
for treatment of Hepatitis  
B and C  
•In Phase III trials for Hep C  
•In Phase II trials for Hep B  

Dosage:   
•1.6 mg, injected Sub Q, 2 times weekly for 6–12 months  
•For patients weighing < 40 kg, adjust the dosage to 40 
mcg/kg, 2 times weekly.  
•1.6 mg vials  
•Reconstitute with 1 ml = 1.6 mg/ml  
Zadaxin has a very low incidence of adverse effects 

TB4 Like TA1, thymosin beta 4 (TB4) is related to thymosin,

 a hormone secreted from the thymus, whose primary 

function is to stimulate the production of T cells, an 

important part of the immune system. Thymosin also assists 

in the development of beta cells to plasma cells to produce 

antibodies. TB4 is a member of a highly conserved family of 

actin monomer-sequestering proteins. In addition to its 

role as a major actin-sequestering molecule, TB4 has a role 

in tissue repair. TB4 has been found to play an important 

role in protection, regeneration, and remodeling of injured 

or damaged tissues. The gene for TB4 has also been found to 

be one of the first to become unregulated after injuries. TB4 

is cur- rently being trialed as a potential therapy for HIV, 



AIDS, and influenza. TB4 was originally isolated from calf 

thymus, but since then we have discovered it’s more 

ubiquitous, occurring in most cells. Properties:   

•Is made up of 43 amino acids: Ac-Ser-Asp-Lys-Pro-Asp-Met-

Ala-Glu-Ile-Glu-  

Lys-Phe-Asp-Lys-Ser-Lys-Leu-Lys-Lys-Glu-Glu-Thr-Gln-Glu-

Lys-Asn-Pro-Leu-Pro-Ser- Glu-Glu-Thr-Ile-Glu-Glu-Lys-Lys-

Ala-Gly-Glu-SerSer  

•This sequence is encoded by the TMSBX4 gene.  

•Is produced in the thymus gland  

•Is a potent immune modulator  

•Exists in higher levels in platelets and white cells  

•Upregulates actin  

•Is the main intracellular G-actin sequestering peptide  

•Forms a ternary complex with actin and profilin  

  Clinical Effects of TB4   

•Mechanisms of Action (MOA): regulates the cell building 

protein, actin  

•Pleiotropic effects: promotes healing and angiogenesis, is a 

potent anti-  

inflammatory  

•In numerous clinical trials it has been shown to reactivate 

progenitor cells to re-  



pair damaged tissue.  

•Promotes rapid wound healing with little to no scarring  

•Enhances collagen deposition  

•Works at the cellular level supporting tissue stem cells to 

heal and regenerate the  

injured tissue  

•Works in muscles to protect against sarcopenia as well as 

post MI  

•Promotes angiogenesis and differentiation of endothelial 

cells  

•Is a potent anti-inflammatory for wounds, muscles, and 

joints  

•Reduces acute/chronic pain  

•Prevents adhesion and fibrous band formation in injured 

tissue; i.e., muscles, ten-  

dons, and ligaments  

•Protects and restores neurons post TBI  

•Promotes hair growth  

Modes of Action:  

•Upregulates cell-building proteins such as actin, a protein 

that, along with myosin  

in muscle cells, forms the contractile filaments  



•Upregulation of actin allows TB4 to promote healing, cell 

growth, cell migration,  

and cell proliferation.  

•Due to its low molecular weight (LMW), TB4 is able to 

“hone” and “travel” to the  

site of 

injury. Note: Some conflicting research has come out about T

B4 and cancer:  

•Researchers have observed that cancer patients have 

increased TB4 in affected tis-  

sues compared with controls.  

•Initially, researchers were concerned that TB4 might be 

involved in carcinogenesis.  

•Presently, the question is this: Is the increase in TB4 a 

response to cancer? Is it  

present in the cancer as an immune system response or is it 

of etiologic concern?  Applications:   

•Is used as an anti-inflammatory  

•Promotes angiogenesis  

•Increases collagen deposition  

•Is a cytoprotective  

•Helps decrease scar tissue formation  

•Reduces level of myofibroblasts and supports immunity  



•Is an antiviral/antimicrobial  

•Improves T cells  

•Is used with TA1 as a neuroprotective  

•Repairs soft tissues like tendons, ligaments, and muscles 

from sports/athletic injuries  

•Helps treat pressure and venous stasis ulcers  

•Treats brain issues if autoimmunity suspected  

•Aids in recovery from an ischemic stroke  

•Works in muscles to protect against sarcopenia as well as 

post MI  

•Reduces acute/chronic pain  

•Improves neuroplasticity  

•Repairs and remodels vessels of the heart and other injured 

tissues  

•Can help stem cell differentiation  

•Helps patients recover from spinal cord injuries  

•When used in conjunction with BPC 157, can help patients 

diagnosed with  

TBI/concussion  

•Can be employed to help recover from ligamentous, tendon, 

and muscle injuries  

•Has been proven to lessen symptoms of dry eye disorders  





TB4 in action   

Dosage:   

•Between 300 mcg and 1 gram daily, Sub Q  

•Depends upon clinical presentation  

•Do not dose for more than 3 month.  

•Cycle if needed for long-term—3 months on, 1 month off.  

•Can be used with TA1 and BPC 157 concurrently  

•Individual dosage requirements may vary based on clinical 

presentation.  

•The goal should beto restore TH1/TH2 homeostasis.  

•Use to boost NK cells and lower inflammatory cytokines.  

Possible Side Effects:   

•Reddening, pain, and discomfort at the injection site  

•Temporary tiredness or lethargy  

TB4 
Like TA1, thymosin beta 4 (TB4) is related to thymosin, a hormone secreted from the thymus, 
whose primary function is to stimulate the production of T cells, an important part of the 

immune system. Thymosin also assists in the development of beta cells to plasma cells to 

produce antibodies. TB4 is a member of a highly conserved family of actin monomer-

sequestering proteins. In addition to its role as a major actin-sequestering molecule, TB4 has 

a role in tissue repair. TB4 has been found to play an important role in protection, 

regeneration, and remodeling of injured or damaged tissues. The gene for TB4 has also been 

found to be one of the first to become unregulated after injuries. TB4 is currently being trialed 
as a potential therapy for HIV, AIDS, and influenza. TB4 was originally isolated from calf 

thymus, but since then we have discovered it’s more ubiquitous, occurring in most cells. 

Properties: 



Is made up of 43 amino acids: Ac-Ser-Asp-Lys-Pro-Asp-Met-Ala-Glu-Ile-Glu-Lys-Phe-Asp-Lys-
Ser-Lys-Leu-Lys-Lys-Thr-Glu-Thr-Gln-Glu-Lys-Asn-Pro-Leu-Pro-Ser-Lys-Glu-Thr-Ile-Glu-Gln-

Glu-Lys-Gln-Ala-Gly-Glu-Ser 

This sequence is encoded by the TMSBX4 gene. 
Is produced in the thymus gland 

Is a potent immune modulator 

Exists in higher levels in platelets and white cells 

Upregulates actin 
Is the main intracellular G-actin sequestering peptide 

Forms a ternary complex with actin and profilin 

Clinical Effects of TB4 

Mechanisms of Action (MOA): regulates the cell building protein, actin 

Pleiotropic effects: promotes healing and angiogenesis, is a potent anti-inflammatory 

In numerous clinical trials it has been shown to reactivate progenitor cells to repair damaged 
tissue. 

Promotes rapid wound healing with little to no scarring 

Enhances collagen deposition 

Works at the cellular level supporting tissue stem cells to heal and regenerate the injured 
tissue 

Works in muscles to protect against sarcopenia as well as post MI 

Promotes angiogenesis and differentiation of endothelial cells 
Is a potent anti-inflammatory for wounds, muscles, and joints 

Reduces acute/chronic pain 

Prevents adhesion and fibrous band formation in injured tissue; i.e., muscles, tendons, and 
ligaments 

Protects and restores neurons post TBI 

Promotes hair growth 

Modes of Action: 
Upregulates cell-building proteins such as actin, a protein that, along with myosin in muscle 

cells, forms the contractile filaments 
Upregulation of actin allows TB4 to promote healing, cell growth, cell migration, and cell 

proliferation. 

Due to its low molecular weight (LMW), TB4 is able to hone and travel to the site of injury. 
Note: Some conflicting research has come out about TB4 and cancer: 

Researchers have observed that cancer patients have increased TB4 in affected tissues 

compared with controls. 

Initially, researchers were concerned that TB4 might be involved in carcinogenesis. 
Presently, the question is this: Is the increase in TB4 a response to cancer? Is it present in the 

cancer as an immune system response or is it of etiologic concern? 

Applications: 
Is used as an anti-inflammatory 



Promotes angiogenesis 
Increases collagen deposition 

Is a cytoprotective 

Helps decrease scar tissue formation 
Reduces level of myofibroblasts and supports immunity 

Is an antiviral/antimicrobial 

Improves T cells 

Is used with TA1 as a neuroprotective 
Repairs soft tissues like tendons, ligaments, and muscles from sports/athletic injuries 

Helps treat pressure and venous stasis ulcers 

Treats brain issues if autoimmunity suspected 

Aids in recovery from an ischemic stroke 

Works in muscles to protect against sarcopenia as well as post MI 

Reduces acute/chronic pain 
Improves neuroplasticity 

Repairs and remodels vessels of the heart and other injured tissues 

Can help stem cell differentiation 

Helps patients recover from spinal cord injuries 
When used in conjunction with BPC 157, can help patients diagnosed with 

TBI/concussion 

Can be employed to help recover from ligamentous, tendon, and muscle injuries 
Has been proven to lessen symptoms of dry eye disorders 



 



TB4 in action 
Dosage: 

Between 300 mcg and 1 gram daily, Sub Q 

Depends upon clinical presentation 
Do not dose for more than 3 month. 

Cycle if needed for long-term—3 months on, 1 month off. 

Can be used with TA1 and BPC 157 concurrently 

Individual dosage requirements may vary based on clinical presentation. 
The goal should beto restore TH1/TH2 homeostasis. 

Use to boost NK cells and lower inflammatory cytokines. 

Possible Side Effects: 

Reddening, pain, and discomfort at the injection site 

Temporary tiredness or lethargy 

Melanotan I and II These two peptides work on the 
melanocortin system (MC4R) to increase melanogenesis, 
which functions as photoprotection/tanning and is 
important to immune support. In addition, they support the 
melanocortin system by   
•Upregulating TReg cells  
•Improving the TH1/TH17 ratio  
•Regulating critical inflammation  
•Being beneficial in neuro- and cardio-protection  
•Supporting autoimmunity  
•Targeting sexual dysfunction including improved libido and 
improved erectile func-  
tion in men Modes of Action:   
•Binding melanotan I to the MCR1 gene leads to adenylate 
cyclase (AC) being activated  
and cyclic adenosine monophosphate (cAMP) being 
stimulated.  
•cAMP activates protein kinase A (PKA).  
•Results in phosphorylation of cAMP response (CREB)  
•Phosphorylated CREB will bind to the cAMP response 
element (CRE) on the microph-  



thalmia-asso-ciat- transcription factor (MITF) gene, leading 
to the synthesis of the MITF protein.  
•This results in increased concentrations of the melanogenic 
enzymes within the  
melanocyte.  
•However, melanotan I doesn’t cross the blood-brain barrier, 
so it does not have any  
central effects on MC3R and MC4R, NO, sexual desire, and 
metabolic support.  
•Melanotan I (aka afamelanotide, or the brand name 
Scenesse) is FDA approved for  
tanning and to prevent phototoxicity in erythropoietic 
protoporphyria (Dosage: Sub Q  

implant, 16 mg lasts 2 months). Melanotan I Melanotan I 
is also known as afamelanotide. Properties:   
•Synthetic alpha-melanocyte stimulating  
•Hormone (MSH)  
•Sequence: Ac-Ser-Tyr-Ser-Nle-Glu-His-D-Phe-Arg-Trp-Gly-
Lys-Pro-Val-NH2  
•MW = 1646.845 Daltons  
•Non-selective agonist (MCR1)  
•Responsible for melanogenesis  
Applications:   
•Sunless tanning effects  
•UV protection  
•Supports immunity  
•Produces photoprotective effects  
•Melanocytes favor production of eumelanin 
(photoprotective black/brown pigment).  



Dosage: For Tanning: For tanning, the dosage depends on 
patient response and what you’re trying to accomplish.   
•Use as an “art” for tanning.  
•In general, try 200 mcg Sub Q daily for week #1.  
•Some patients require 200 mcg daily for weeks, others for 
only a few days.  
•Adjust dosage according to pigment changes.  
•After pigment stabilizes, maintain 100 mcg Sub Q twice 
weekly.  

For Immunity:   
•200 mcg daily for 6–8 weeks  
•Use until clinical effects become pronounced.  
•Very effective with autoimmune conditions  
•Sexual stimulation occurs as a side effect.  
•Higher doses (i.e., 500–1,000 mcg) can lead to more 
pronounced sexual stimulation.  
•Melanotan sexual stimulation occurs gradually, with long-
term benefits.  
•PT-141 (bremelanotide) doses twice weekly lead to 
desensitization more frequently.  

Melanotan II Properties:   
•Stimulates synthetic alpha-melanocyte  
•One of the MSH hormones  
•Cyclic truncated version of melanotan I  
•Sequence: Ac-Nle-cyclo[Asp-His-D-Phe-Arg-Trp-Lys]-NH2  
•MW = 1024.180 Daltons  
•Originally researched for tanning  
•Exhibits metabolic support as appetite suppressant, 
supports glucose and lipid home-  
ostasis  



•Is libido-enhancing and improves erection in men  
•Promotes skin tanning  
•Decreases oxidative stress  
•Supports immunity  
•TReg cells  
•Autoimmune support: improves TH1/TH17 balance  
•Stimulates the vagus nerve, which is the cholinergic anti-
inflammatory  

pathway  
•Is a neuroprotective—anti-inflammatory  
Applications:   
•Increases melanogenesis  
•Increases photoprotection/tanning  
•Improves Vitiligo  
•Supports the immune system  
•Improves TReg cells  
•Improves TH1/TH17 ratios  
•Supports the autoimmune system  
•Used to help with neurodegenerative disorders  
•Provides neuroprotection  
•Helps fight opiate/ethanol addiction—produces 
melanocortins involved in decreasing  
opiate tolerance and decreasing ethanol consumption  
•Improves libido and erectile function in men  
•Supports appetite and metabolism  
•Aids in treating Ischemic diseases, including circulatory 
shock  
Dosage: For Tanning:   
•200 mcg Sub Q daily for 1 week  
•Adjust according to pigment changes.  



•After pigment stabilizes, 100 mcg Sub Q twice a week, even 
going to 50 mcg depend-  
ing on degree of pigmentation For Metabolic Support:  
•50 mcg daily Sub Q; expect some increased pigmentation  

For Immune Support:  
•200 mcg Sub Q daily for 6–8 weeks  
•Use until clinical effects are pronounced.  
For Sexual Stimulation/ED:  
•Use the same dosing schemes as for earlier reasons: sexual 
stimulation is a desirable  
side effect!  
•In general, higher dosages (500–1,000 mcg) produce more 
intense effects.  
•Sexual stimulation caused by melanotan occurs gradually 
over time and is more of a  
long-term effect. Possible Side Effects:   
•Nausea, vomiting, headache, yawning (in up to 10% of 
patients)  
•Do not use if there is a personal or family history of 
melanoma or non-melanoma skin  
cancer.  
•Melanocortins may increase blood pressure. Use with 
caution if hypertension is  
present.  
•There is a case report of melanotan II contributing to 
systemic toxicity and rhabdomy-  
olysis. The dosage in this case was very high (6 mg) and the 
product was purchased from the internet without a 
prescription.  



•Melanotan II use may result in priapism (an erection lasting 
longer than 4 hours) in  
men if recommended dosage is not followed. A case report of 
a 60-year-old man who was using 10 mg of melanotan II led 
to a severe case of priapism that required surgery (Winter’s 
shunt) to correct.  
•Discontinue use if priapism develops in men.  
•It is not recommended to use a melanocortin agonist concur
rently with a PDE5 in-  
hibitor in men due to risk of priapism 

Cellular Efficiency, Metabolic Enhancement, and Weight 

Loss  Icovered the role of cell efficiency as it relates to cell 

metabolism in great detail at the beginning of this book; I 

encourage you to review that material as needed. In this 

chapter, I present information re- lated to using specific 

peptides to target metabolic pathways, specifically 

mitochondrial functioning, as an additional, effective way to 

improve cellular efficiency. In particular, the peptides in this 

section address insulin resistance and other metabolic 

disorders to improve weight loss, reverse type 2 dia- betes, 

and improve overall energy production and utilization. In 

this chapter, we will begin by looking at AOD 9604, which is 

a fragment of growth hormone (GH) and therefore a potent 

agent for cell effi- ciency, without any side effects 

AOD 9604 AOD 9604 is a fragment of GH polypeptide 
(amino acids 176–191) that has been shown to have 
lipid- reducing effects, similar to but more effective than GH, 
on account of it not having adverse side 



ef- fects of unmodified GH. AOD 9604 can regulate fat metab
olism by stimulating lipolysis (the break- down or destructio
n of fat) and inhibits lipogenesis (the transformation of nonfa
t food materials into body fat) both in laboratory testing and 
in animals and humans. Recent studies also show AOD 
9604 possesses other regenerative properties associated 
with growth hormone. Currently, trials are under- way to 
show the application of AOD 9604 in osteoarthritis, 
hypercholesterolemia, and bone and carti- lage 
repair. Properties:   
•Sequence: Tyr-Leu-Arg-Ile-Val-Gln-Cys-Arg-Ser-Val-Glu-
Gly-Ser-Cys-Gly-Phe  
•MW = 1815.1  
Modes of Action:   
•Stimulates bone differentiation and mineralization in 
adipose-derived mesenchymal  
stem cells (MSC)  
•Promotes myoblast differentiation  
•Promotes chondrocyte production of collagen and 
proteoglycan  
•Stimulates stem cell differentiation toward bone, muscle, 
and cartilage repair  
Applications:   
•Unable to induce dimerization and thereby activation of the 
receptor (no competition  
with HGH)  
•Tyrosin (TYR) in AOD maintains stability of the amino acid 
sequence; this fragment  



holds the fat-reducing and tissue repair sequence and 
mimics the effect of HGH on lipid metabolism, without 
having growth-promoting or pro-diabetic effects.  

•Inhibits lipoprotein lipase activity in adipose tissue, 
stimulating lipolysis in adipocytes  
Dosage: AOD:   
•250 mcg BID for fat loss  
•Sub Q, oral, and topical  
•Length of treatment varies; from 6 weeks, to 3 months, up 
to 6 months  
Possible Side Effects:   
•No allergenic reactions  
•GRAS in foods under the conditions of intended use of AOD 
9604  
  Note: Frag 176–
191 is a knockoff of AOD; it’s supposed to represent an AOD f
ragment, but it doesn’t have a di-sulfide bond to promote 
stability, which makes it less effective 

AOD/HA AOD/HA is a combination of AOD 9604 with an 
added hyaluronic acid (HA), which helps induce cartilage 
regrowth with intra-articular injection. Further, AOD with 
HA has been shown to increase IGF1 and improve intra-
articular peptide bioavailability. GH can act directly on the 
growth plate by stimulating local production of IGF1 and by 
increasing cartilage metabolism and chondrocyte 
prolif- eration. Dosage:   
•0.50–1.0 ml used intra-articularly  
•Depends on injury and site  
•Can be a single injection or split into more than one  



For Arthritis:  
•0.50 ml, once weekly, for 5 doses, then .50 ml, once 
monthly, for 3 doses (total of 8  
Doses 

GLP-1 Liraglutide Glucagon-like peptide-1 (GLP-1) is a 
30-amino-acid-long peptide hormone derived from the 
tissue- specific posttranslational processing of the 
proglucagon gene. It is produced and secreted by intesti- nal 
enteroendocrine L cells and certain neurons within the 
nucleus of the solitary tract in the brain- stem when food is 
consumed. The initial product, GLP-1 (1–37), was 
susceptible to amidation and proteolytic cleavage, which 
gave rise to the two truncated and equipotent biologically 
active forms, GLP-1 (7–36) amide and GLP-1 (7–37). Active 
GLP-1 comprises two alpha helices from amino acid position 
13–20 and 24–35, separated by a linker region. Similar to 
glucose-dependent insulinotropic peptide (GIP), GLP-1 is the 
only known incretin that describes its ability to decrease 
blood sugar levels in a glucose-dependent manner by 
enhancing the secretion of insulin. In addition to the 
insulinotropic effects, GLP-1 has been associated with 
numer- ous regulatory and protective effects. Unlike GIP, the 
action of GLP-1 is preserved in patients with type 2 diabetes, 
and substantial pharmaceutical research has therefore been 
directed toward devel- oping GLP-1-based 
treatment. However, endogenous GLP-1 is rapidly degraded, 
primarily by dipeptidyl peptidase-4 (DPP-4), but also by 
neutral endopeptidase 24.11 (NEP 24.11) and renal 
clearance, resulting in a half-life of approx- imately 2 



minutes. Consequently, only 10–15% of GLP-1 reaches 
circulation intact, leading to fasting plasma levels of only 0–
15 pmol/L. To overcome this, GLP-1 receptor agonists and 
DPP-4 inhibitors have been developed to resist and reduce 
this activity, respectively. As opposed to common 
treat- ment agents such as insulin and sulphonylurea, GLP-1-
based treatment has been associated with weight loss and 
lower hypoglycemia risks, two very important aspects of a 
life with type 2 diabetes.  Properties:   
•MW = 3295.65  
•Purity ≥ 95%  
•Sequence:  

His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-
Glu-Gly- Gln-Ala-Ala-Lys-Glu-Phe-Ala-Ala-Trp-Leu-Lys-Lys-
Arg-NH2NH2 Dosage:   
•Begin 0.6 mg once daily; increase the dose by 0.6 mg 
weekly to reach a target dosage  
of 3 mg once daily.  
•Doses up to 1.8 mg are used to treat type 2 diabetes. Higher 
doses (>3 mg) have been  
shown to decrease body weight by up to 15%. Possible Side 
Effects:   
•Nausea, diarrhea, vomiting, decreased appetite, indigestion, 
and constipation 

MOTS-c MOTS‐
c is a peptide of 16 amino acids produced by a mitochondrial
 gene, and it has been shown to play a key role in signaling 
and energy production. Specifically, MOTS-c has been shown 
to regulate metabolic functions throughout the body, 



including turning glucose into usable energy. In mice, MOTS-
c helped boost glucose metabolism even when the mice were 
fed a high fat diet. These prelim- inary studies show 
evidence for improved control over blood sugar levels for 
those with type 2 dia- betes and obesity. MOTS-c is also used 
to increase performance in athletes. Skeletal muscle has 
been shown to be the main target organ. Due to its 
pharmacological effects of regulating metabolic homeostasis, 
especially the stimulation of glucose uptake and clearance as 
well as the activation of fatty acid metabolism, MOTS-c can 
be regarded as a potential exercise mimetic agent and 
insulin sensitizer. Properties:   
•MOTS-c is a 16-amino-acid peptide encoded in the 
mitochondrial genome.  
•Sequence: Met-Arg-Trp-Gln-Glu-Met-Gly-Tyr-Leu-Phe-Tyr-
Pro-Arg-Lys-Leu-Arg  
•MW = 2288.6 g/mol  
Applications:   
•Assists in mitochondrial biogenesis  
•Activates AMPK  
•Restores homeostasis by initiating catabolic processes for 
ATP production  
•Decreases insulin resistance  
•Increases GLUT4 uptake in muscle  
•Improves athletic performance  
•Improves weight loss  
Dosage:  

•Initially, 5 mg, Sub Q, three times a week. Keep a M, W, F 
schedule for 4–6 weeks. Fol-  
low this with a weekly dose of 5 mg for 4 weeks.  



•This treatment can be cycled with other mitochondrial 
peptides, typically in cycles of  
2–3 months 

Improving Cell Signaling for Enhanced Cognitive Functioning 

and Neuroplasticity  For optimal functioning, the brain relies 

on trillions of neuronal connections made up of 

neural synapses where electrical and chemical signaling 

occur. A growing group of peptides are being used to 

enhance cognitive functioning and offset loss of cognition 

associated with dementia and other neurodegenerative 

disorders. The peptides identified here are at the front lines 

of creating measurable improvements in the brain and 

nervous system. Also included here are peptides that 

address pain and enhance neuroprotection 

Cerebrolysin Cerebrolysin, a synthetic nootropic, helps 
to regulate energy metabolism, can act as a 
neuromod- ulator, and can stimulate neurotrophic activity. 
Essentially, Cerebrolysin protects neurons from free radicals 
and oxidative stress, acidosis (lactic and keto), and the 
neurotoxic effects of glutamate. It has also been shown to 
improve metabolic activity of neurons and enhance cognitive 
function, memory, creativity, and motivation. Properties:   
•As a synthetic peptide, Cerebrolysin is a combination of 
active peptide fragments, in-  
cluding nerve growth factor, BDNF, ciliary nerve growth 
factor, P-21, enkephalins, and orexin.  
•Known to be neuroprotective/neuroregenerative; has 
neurotrophic repair properties  



similar to nerve growth factors (NGF) and brain-derived 
nerve growth factors (BDNF)  
•Has a low molecular weight (LMW) so it can cross the 
blood-brain barrier and the  
blood-cerebrospinal fluid barrier (BBB/B-CSF)  
•Improves synaptic functioning and reduces amyloid 
deposition  
•Decreases amyloid deposition. These effects are 
accompanied by a reduction in  
perivascular microgliosis and astrogliosis and increased 
expression of markers of vas- cular fitness such as CD31 and 
ZO-1.  
•Reduces the levels of phosphorylated amyloid precursor 
protein (APP) and the ac-  
cumulation of APP in the neuritic processes  
•Increases the expression of the BBB-GLUT1 via mRNA 
stabilization  
•Markedly increases the uptake of 3H-2-deoxy-d-glucose 
(essential brain nutrient) and  
the levels of the GLUT1 protein. Glutamate receptor subunit 
1 (GluR1) is one of the four possible subunits of the AMPA-
type glutamate receptor. The integrity of this receptor is 
crucial for learning processes.  

•Increases GluR1 density in most measured regions of the 
hippocampal formation in a  
highly significant way. These results correlate with the 
behavioral outcome, revealing an improvement in learning 
and memory. Applications:   
•Helps treat concussion/CTE, TBI  



•Used to treat Alzheimer’s dementia, mild cognitive 
impairment (MCI)  
•Decreases beta-amyloid deposition  
•Decreases tau protein phosphorylation  
•Increases synaptic density  
•Restores neuronal cytoarchitecture  
•Results in improved cognitive and behavioral performance  
•Employed in treating CVA, TIA  
•Used to help with mood dysregulation  
Dosage:   
•215 mg (1cc) IM/Sub Q daily, 7 days a week, for a 4-week 
cycle  
•215 mg/ml—5cc IV drip 2 times a week for 2 weeks  

Cerebrolysin 
Cerebrolysin, a synthetic nootropic, helps to regulate energy metabolism, can act as a 

neuromodulator, and can stimulate neurotrophic activity. Essentially, Cerebrolysin protects 

neurons from free radicals and oxidative stress, acidosis (lactic and keto), and the neurotoxic 

effects of glutamate. It has also been shown to improve metabolic activity of neurons and 

enhance cognitive function, memory, creativity, and motivation. 
Properties: 

As a synthetic peptide, Cerebrolysin is a combination of active peptide fragments, including 

nerve growth factor, BDNF, ciliary nerve growth factor, P-21, enkephalins, and orexin. 

Known to be neuroprotective/neuroregenerative; has neurotrophic repair properties similar 

to nerve growth factors (NGF) and brain-derived nerve growth factors (BDNF) 

Has a low molecular weight (LMW) so it can cross the blood-brain barrier and the blood-

cerebrospinal fluid barrier (BBB/B-CSF) 
Improves synaptic functioning and reduces amyloid deposition 

Decreases amyloid deposition. These effects are accompanied by a reduction in perivascular 

microgliosis and astrogliosis and increased expression of markers of vascular fitness such as 
CD31 and ZO-1. 

Reduces the levels of phosphorylated amyloid precursor protein (APP) and the accumulation 

of APP in the neuritic processes 
Increases the expression of the BBB-GLUT1 via mRNA stabilization 

Markedly increases the uptake of 3H-2-deoxy-d-glucose (essential brain nutrient) and the 

levels of the GLUT1 protein. Glutamate receptor subunit 1 (GluR1) is one of the four possible 



subunits of the AMPA-type glutamate receptor. The integrity of this receptor is crucial for 
learning processes. 

Increases GluR1 density in most measured regions of the hippocampal formation in a highly 

significant way. These results correlate with the behavioral outcome, revealing an 
improvement in learning and memory. 

Applications: 

Helps treat concussion/CTE, TBI 

Used to treat Alzheimer’s dementia, mild cognitive impairment (MCI) 
Decreases beta-amyloid deposition 

Decreases tau protein phosphorylation 

Increases synaptic density 

Restores neuronal cytoarchitecture 

Results in improved cognitive and behavioral performance 

Employed in treating CVA, TIA 
Used to help with mood dysregulation 

Dosage: 

215 mg (1cc) IM/Sub Q daily, 7 days a week, for a 4-week cycle 

215 mg/ml—5cc IV drip 2 times a week for 2 weeks 

Selank Selank, previously called TP-7, is a synthetic 
peptide derived by combining the sequence of tuftsin with 
another sequence to improve its stability. Tuftsin makes up 
one part of the immunoglobin G (IgG) antibody and is 
naturally occurring. On top of its antianxiety, antidepressant, 
and antiasthenic properties, it can also enhance memory and 
cognitive function. This peptide can potentially 
replace stimulants, tranquilizers, and 
antidepressants. Properties:   
•Sequence: Thr-Lys-Pro-Arg-Pro-Gly-Pro  
•MW = 751.89 g/mol  
•Synthetic analogue of human tuftsin  
Modes of Action:   
•Mimics some of the effects of tuftsin  
•Modulates Interleukin-6  
•Balances T cell cytokines  
•Elevates BDNF in hippocampus  



•Has an influence on monoamine neurotransmitters  
•Reduces the breakdown of enkephalins  
Applications:   
•Can be used as an antidepressant and an anxiolytic  
•Can be used to help treat generalized anxiety disorder 
(GAD)  
•Increases the inhibitory action of GABA  
•Improves sleep balance (sleep vs. wakefulness)  
•Shows some antiviral activity  
•Can help regulate inflammation  

•Regulates BCL6 protein, an important transcriptional 
regulator of the immune system  
For Metabolic Syndrome/Weight Gain:  
•Prevents weight gain  
•Works as an anticoagulant, a fibrinolytic, and an 
antiplatelet  
•Decreases blood glucose levels  
•Semax (discussed next) and Selank have anticoagulant and 
hypoglycemic effects with  
the same sequence: Pro-Gly-Pro. For Cancer:  
•Reduced tumor of an experimental model in breast cancer  
Other Applications:  
•Can be used as an anti-ulcer treatment  
•Accelerates gastric ulcer healing (ulcers caused by ethanol, 
stress induced)  
•Improves blood supply and lymphatic circulation to the 
gastric mucosa  
Dosage:   
•Dose 750–1,000 mcg intranasally  
•Dose 100 mcg–300 mcg Sub Q daily  



•More than these maximum dosages can lead to 
desensitization  
•Dose depends on patient response  
•Can alternate with Semax 

Semax Semax (N-Acetyl) counteracts the inhibition of 
learning and memory induced by heavy metals; 
it counteracts neurotoxic effects; and it inhibits 
neurodegeneration that is caused by dopamine oxida- tion. 
Studies have shown that Semax promotes the survival of 
neurons during hypoxia and glutamate neurotoxicity, 
increases the amount and mobility of immune cells, and 
enhances the expression of chemokine and immunoglobulin 
genes. In a recent study on brain focal ischemia, Semax 
influenced the expression of genes that promote the 
formation and functioning of the vascular system. 
Overall, Semax is a neuroprotective and contributes to 
mitochondrial stability under stress induced by 
the deregulation of calcium ion flow. Properties:   
•Sequence: Met-Glu-His-Phe-Pro-Gly-Pro  
•Is a fragment of the adrenocorticotropic hormone (ACTH, 
ACTH4-10)  
•MW = 813.920 g/mol  
Modes of Action:   
•Elevates expression of BDNF and the TrkB receptor  
•Activates dopaminergic and serotonergic stems  
•Can work as an antidepressant and an anxiolytic  
•Attenuates chronic stress effects  
•Is a potential melanocortin antagonist (MC3R, MC4R)  
Applications:   
•May be used to treat strokes and transient ischemic attacks  



•Also used to help with memory and cognitive disorders  
•Boosts immune system  
•Helps treat peptic ulcers  

•Supports the optic nerve  
Dosage:   
•750–1000 mcg intranasally  
•100–300 mcg Sub Q daily  
•More than these maximum dosages can lead to 
desensitization  
•Dose depends on patient response  
•Can be alternated with Selank 

Dihexa This peptide works with hepatocyte growth factor 
(HGF), which is found in elevated levels in the cor- tex in 
early states of neurodegenerative diseases such as 
Parkinson’s. Dihexa has a dual protective ef- fect by 
increasing HGF activity and lowering dimerization, 
suggesting that the allosteric modulation of HGF is 
producing an active monomer complex, theoretically 
doubling the capacity of available fac- tors to promote 
signaling cascades and exert changes in cell development. In 
short, Dihexa has been shown to prevent the development of 
Parkinson-like symptoms and restore motor 
function. Properties:   
•Sequence: Hexanoyl-Tyr-Ile-Ahx-NH2  
•MW: 504.66  
•Enhances post-synaptic current  
•Increases cerebral blood flow  
•Encourages synaptogenesis  
•Augments spinogenesis  



•Stimulates dendritic arborization  
•Contributes to calcium signaling  
Applications:   
•Works in the renin-angiotensin system (RAS), which is 
important for learning  
•Aids in memory, neural differentiation, and neural 
regeneration  
•Acts like angiotensin IV (AT4) hexapeptide  
•Known as an analogue of HGF/c-Met  
•Facilitates memory acquisition and consolidation  
•Works against the negative influence created by the 
downstream effects of octapeptide  
angiotensin II interactions with the AT1 receptor, which is 
bad for memory acquisition and consolidation  

Dosage:   
•Topical, 20 mg/ml  
•Apply twice a day.  
•Use no longer than 6 weeks for neurocognitive 
enhancement.  
•Alternate with Semax/Selank and Cerebrolysin, every 6 
weeks 

FGL(L) FGL(L) peptide is a variant of the natural neural 
cell adhesion molecule (NCAM) and is known to have 
neurotrophic and memory enhancing properties. Created 
directly as a fibroblast growth factor receptor agonist, FGL 
activates FGFR1 signaling pathways, increasing neurite 
outgrowth and survival, which in turn leads to memory 
enhancement. FGL has also been found to improve healing of 
neu- ronal tissues by decreasing oxidative stress-induced 



cell death, inhibiting neuronal degeneration 
and death. Properties:   
•MW = 3432.62 g/mol  
•Sequence: Glu-Val-Tyr-Val-Val-Ala-Glu-Asn-Gln-Gln-Gly-
Lys-Ser-Lys-Ala  
Applications:   
•Improves synaptic plasticity, learning, and memory  
•Enhances growth factor–mediated signaling  
•Is essential for both early synaptogenesis and synaptic 
maturation  
•Influences the strength of excitatory synapses in an 
activity-dependent manner  
•In cell remodeling and growth, are mediated by fibroblast 
growth factor receptors  
(FGFRs) Dosage:   
•1–2 mg daily, for 4–6 times a week, 5 days on, 2 days off  
•Younger people in their 30s do better at a lower dose, just 1 
mg (they should use for 6  
weeks and see how it goes 

 


