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THE WORLD'S MOST POWERFUL SCIENCE BACKED INGREDIENT.

IT'S REALLY ALL ABOUT KETONES (BHB)

The rise in internet traffic for the word “keto” and “ketone” is
nearly unprecedented. There has been a flurry of interest and talk
regarding the benefits of adding exogenous ketones into people’s
diets and lives via beta-hydroxybutyrate (as goBHB®). Although
weight management is a very powerful benefit of exogenous
ketones, it’s not the most powerful story behind BHB and the long-
term opportunity behind the most powerful energy molecule that
is called the “body’s preferred fuel.”

Beta hydroxybutyrate (as goBHB®) is a multi-patented, non-
carbohydrate energy source with an ATP producing potential
that is up to 2.5X that of glucose, when calculated per unit carbon
consumed and per molecule of oxygen utilized in animal models.
BHB has two stereoisomers: D and L (think of them as “left-handed”
and “right-handed” molecules).

The D-BHB isomer is often called the “natural” isomer because it
is the BHB that is synthesized in the liver from acetoacetate during
normal ketogenesis (the synthesis of new ketone bodies) from
triglycerides as a result of fat breakdown (lipolysis).

TheL-BHB isomer is only created in small amountsinthe body inthe
mitochondria and appears to be a powerful neuronal activator and
signaling molecule. A lot more investigation is going on regarding
L-BHB than ever before as to its exact metabolic pathways and
distinct benefits and characteristics.

Of the many important advancements in ketogenic research, one
of the most important includes discovering ketones (BHB) are
the preferred energy source of the brain and heart. Additionally,
researchers have discovered that D-BHB does much more than
simply provide cellular energy or fuel.
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This Formulator’s Guide focuses mainly on D-BHB and DL - BHB
as not as much is known about L-BHB in terms of its metabolic
pathways and functionality. The guide aims to provide you with our
knowledge of how to take advantage of the already known benefits
of our D-BHB and DL- BHB (goBHB®) in your product formulations.

USING D-BHB

D-BHB is the naturally occurring, endogenously (“inside the
body”) generated isomer produced through human metabolism of
acetoacetate in the ketogenic process. D-BHB can be measured
by conventional ketone blood meters like the Keto Mojo and
Precision-Xtra. Once D-BHB enters the blood, it does not reconvert
to acetoacetate, and is directly metabolized rapidly within the
mitochondria for energy.

Benefits include:

e Rapid andreadily available bioenergetic fuel source for body and
brain via oxidation in mitochondria through the TCA cycle

o Rapid effects onsatiety and insulin sensitivity/ glucose tolerance

e High aerobic capacity and energy for low to moderate intensity
continuous exercise performance and muscular endurance
performance

e Indirect antioxidant effects via endogenous enzyme
upregulation; Direct OH- free radical scavenging and antioxidant
potential

e Class | and Il HDAC inhibition (increased gene expression-
FOXO3a, antioxidant defense enzymes Catalase, SOD2,
Metallothionein |1, etc.)

Brain Function
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Increased cytoplasmic NAD+ pool (NAD+:NADH ratio) over
glucose metabolism

e “BHB-lation” of histone (epigenetic effects on gene expression-
PPAR, mitochondrial enzymes for oxidative phosphorylation-
Electron Transport Chain, proteasome, etc.)

e HCAR2 receptor activation (reduces dysregulated lipolysis
from fat cells, anti-inflammatory effects, neuroprotection, gut
integrity)

e FFAR3 modulation for regulating inflammation

USING DL-BHB

The racemic form of BHB appears to be the most versatile. It
combines the benefits of both D-BHB and L-BHB to address a
variety of issues in a much broader format than perhaps either
D-BHB or L-BHB address alone.

Benefits include:

e A blend of both readily available energy/ fuel supply with the
D-BHB plus a sustained reservoir of L-BHB for a prolonged
ketosis effect

e Applications for individuals looking for optimal health span
and human performance from exposure to increased blood
concentrations of BHB

e NLRP3 inflammasome inhibition was demonstrated in a direct
study using the DL-BHB form

USING L-BHB

L-BHB is the so-called “cellular” isomer of BHB that appears
to reside within mitochondrial cells, as an intermediate, under
normal conditions of fatty acid B-oxidation. It must be consumed
exogenously (“from outside the body”). This particular isomer
has not been extensively studied and is still speculative as to its
functionality, but it appears to have great functional benefits. There
is not a simple way to measure the amount of L-BHB within the body
as it cannot be detected through current ketone blood meters like
D-BHB can. We will continue to update you on our research into
this exciting molecule as more knowledge unfolds.

8688 Ruffian Lane, Suite C
Newburgh, IN 47630

K=eTONE
es)

Benefits include:

L-BHB is metabolized slowly, creating a more sustained and
prolonged elevation of ketones in the blood for up to 8 hours in
humans

Increased exposure time “may” provide an opportunity to elicit a
more consistent, or robust signaling response for HDAC, NLRP3
inflammasome, HCAR2 inhibition, and ‘BHB-lation’ of histones,
chaperone-mediated autophagy and direct/indirect antioxidant
defense & resilience

Better suited for “signaling” purposes due to prolonged duration
and residence time in the body, many of which do not appear to
be “stereospecific’ to D- vs. L, but to BHB in general

Appears to still be involved in most of the “direct” signaling
responses that do not require D-BHB catabolism

Indirect antioxidant effects via endogenous enzyme
upregulation; Direct OH- free radical scavenging and antioxidant
potential

L-BHB is already contained within the cell; thus it might have an
additional beneficial effect for protecting against DNA damage
and cellular inflammation that contribute directly to disease

Some studies show that L-BHB is better at synthesizing fats, thus
it may be more effective in weight loss and treating obesity

Brain Function 2
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THE FORMS OF BHB

BHB is not a stable molecule on its own. So it needs to either be
bound to a mineral to stabilize it or dissolved in a aqueous solution
of greater than 50% water. The most common minerals are sodium,
calcium, magnesium and potassium, and the finished ingredient is
called a “BHB electrolyte.” In the preferred embodiment of using
either D-BHB or DL-BHB you should consider what form of BHB
do you want to have in your end product. Is it going to be used in
an RTD, a capsule, as a dissolvable powder, in a gummy, in a food
product, etc.? Below is a table to suggest which form is best in
what embodiment.

PRODUCT FORMS BHB ACID BHB SALTS
RTD X X
POWDER STICK OR N
SACHET

SHOT X

FOOD X X
GUMMY X

SUMMARY

Taking the current research in its entirety, D-BHB may be superior
in energy performance, L maybe the superior signaling molecule
and DL-BHB has the widest range of application. What is exciting
about the ketone field of research is the number of future
combinations and formulation iterations still undiscovered. We're
still at the beginning stages of learning how L-BHB will work, but
we are always striving to help you optimize your exogenous BHB
experience by continuing future research for the answers.

[References are located on the following pagel]
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USE CHART FOR GOBHB®

Hereis thelist of BHB by functionality to help you decide how best
to utilize (goBHB) in products to accomplish the functionality you
desire:

FUNCTIONAL AREA D-BHB DLBHB
ENERGY X
ANXIETY X
COGNITION X
MEMORY X
BRAIN REACTION X
FOCUS X
HYDRATION X X
WEIGHT LOSS X
PERFORMANCE X
SLEEP X
INFLAMMATION X
IMMUNITY X
DIABETES X
ANTI-AGING X
CHOLESTEROL «
LOWERING
BODY BUILDING X
ENDURANCE X
GLUCOSE «
MANAGEMENT
FASTING X
HEART HEALTH X
VIRAL «
INFECTIONS
Brain Function 3
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