THE METABOLIC ENGINE: RECONSTRUCTING MUSCLE ARCHITECTURE

A PRECISION CLINICAL PROTOCOL FOR MITIGATING SARCOPENIA, REVERSING FRAILTY, AND RESTORING STRUCTURAL INTEGRITY.

MUSCULOSKELETAL BLUEPRINT: LEG & CORE CHASSIS
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Muscle is not just tissue; it is the body’s primary metabolic sink and structural |
chassis. This is the blueprint for its preservation.

CLINICAL PROTOCOL V4.1



~ THE STRUCTURAL CRISIS OF SARCOPENIA

1. SATELLITE CELL EXHAUSTION:
The biological reserve tank empties; muscle loses its

ability to proliferate and repair.

¥

2. MITOCHONDRIAL ENERGY FAILURE:

Reduced ATP production compromises the
force-generation capability of existing fibers.

3. METABOLIC RESERVE COLLAPSE:

The body loses its primary buffer for excess glucose.

¥

4. INTEGRATIVE SYSTEM FAILURE:

Manifests as physical frailty, falls, loss of dynamic
stability, and eventually, dependency.

Without intervention, the structural chassis degrades, leading to a loss of
homeostatic redundancy and an accelerating cycle of physical decline.
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THE GLYCAEMIC TRIANGLE OF DECAY

CIRCULATING CIRCULATING
BLOOD GLUCOSE BLOOD GLUCOSE

Muscle mass acts as the body’s primary glucose ‘sink’. Its loss leads directly to systemic
insulin resistance. Chronic glycation damages the vascular system, while post-meal glucose
spikes trigger inflammation and oxidative stress, accelerating cellular senescence. |
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DEPLETION OF THE BIOLOGICAL RESERVE
YOUTH AGING
Satellite Cells Depleted
(Dormant, Ready 7 Biological
for Repair) Reserve
Muscle strength heavily relies on satellite cell proliferation. As these stem-like cells become exhausted
through age and chronic "inflammaging", the muscle loses its innate capacity to heal micro-tears and
regenerate. Recovery takes longer, and atrophy becomes the default state. 4




THE FOUNDATIONAL BLUEPRINT: THE LEUCINE SWITCH

POSITION 1 (OFF) mTORC1 SWITCH

Standard Meal >~< FAILED
(~1g Leucine) ~\, ACTIVATION ,

ANABOLIC
RESISTANCE

, 2
POSITION 2 (ON)
ANABOLIC (ON)
i ? /F
A7 PATHWAY
/' ACTIVATED -
Clinical Bolus | &
(2.5g—3.5¢g Leucine)
& 2
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Older patients suffer from Anabolic Resistance. Standard generic protein advice fails because smaller doses of amino
acids are no longer enough to trigger muscle synthesis. You must consume a concentrated bolus of 2.5¢g to 3.5g
of Leucine per meal to ‘flip the switch’ and force the mTORC1 pathway into action.
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THE HLRT PROTOCOL: HIGH-LEUCINE RESISTANCE TRAINING

S il [ 1 [ ¥
T-MINUS 30 MINS T-ZERO T-PLUS 60 MINS
B (PRE-EXERTION]) N L_[MECHANICAL TENSIL‘JN]_l L (POST-WORKOUT) 4
Administer 3-5g Progressive overload Second 3g+ Leucine
L-Leucine. training (>70% 1-RM]) .+ ‘hit’ to sustain the
& to sensitize mTOR @} anabolic window. p
~ pathways. ) |

Without the Leucine threshold, training sessions are biochemically ‘wasted’. By bookending mechanical
load with precise nutrient signaling, we overcome age-related resistance and force structural adaptation.
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MECHANICAL TENSION: BRIDGING WORK AND GROWTH

PHYSICAL

RAW TENSION

PHYSICAL
TENSION

|
TENSION-ACTIVATED

NUTRIENT RECEPTORS
L _|

Light weights and high reps fail
to trigger the necessary survival
response in aged muscle.

Rebuilding the chassis requires
Progressive Overload (>70% of
1-Rep Max).

It is the raw Mechanical Tension
and Time Under Tension that
physically sensitizes the
muscle to nutrient signaling,
bridging the gap between
physical exertion and chemical
growth.
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THE STRUCTURAL REINFORCEMENTS: MUSCLE PRESERVATION STACK

INTERVENTION

Taurine
leller2))

Urolithin A
(1000mg/day)

GIlyNAC
(1.5g twice daily)

PRIMARY MECHANISM

Tissue homeostasis &
redox balance.

Mitophagy (via gut

microbiota/Akkermansia).

Glutathione support &
ROS neutralization.

7

Ve

©

TANGIBLE BENEFIT

Suppresses ‘Zombie Cells’ (

(senescence) in muscle, \// u\

~ supporting joint-stabilizing tissues. (QW.
\

Clears dead mitochondria,

restoring muscle ATP @ O

energy production and > =
physical endurance.

Reverses oxidative stress -
cycle, improving clinical /\/
grip strength and 6- (57
minute walk distances.
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TAURINE: SENOLYTIC ACTION & TISSUE HOMEOSTASIS

1

METABOLIC IMPACT
(3g/day)

")

CLINICAL FLOW

SYSTEMIC HEALTHSPAN BENEFITS

HbAlc ApoB CRP

HbAlc ApoB CRP
(as per reference data)

34 RCTs
Meta-Analysis
(2026)

55

.

TAURINE SENESCENT “ZOMBIE" CELL

(SA-B-gal and p53)

MITOCHONDRIAL SUPPORT
& REDOX BALANCE

MUSCLE

RESTORED TISSUE
HOMEOSTASIS

\.

& Inflammation

ety CARDIOVASCULAR
S HEALTH
Tl = Reduces HbAlc, ApoB,

ol

MUSCULOSKELETAL NEUROLOGICAL
SYSTEM FUNCTION
Prevents Functional Decay, Neuroprotection &

Supports Joint Stabilizers Cognitive Health

T

\

Taurine is no longer just an energy supplement; it is a critical co-therapy for musculoskeletal aging.
Taurine depletion directly links to accelerated skeletal muscle senescence and mitochondrial
Complex 1 failure. Clinicians recommend 3g/day to suppress senescent cells, support redox
balance, and prevent the functional decay often mistaken for “normal aging”.




GLlyNAC: Restoring the Master Antioxidant

' il d
@ Glutathione is the body's master antioxidant, but it
severely declines with age, allowing unchecked |

free radical damage to destroy muscle
mitochondria. Supplementing with 1.5g of
GlyNAC twice daily has been clinically proven in

ENERGY
DEFICIENCY

GIyNAC

(N-Acetylcysteine 74 older adults (65+) to significantly
+ Glycine) Vicious ;f{%. | increase grip strgng.th, leg press power, and
Cvel reduce sarcopenia risk.
v & e INCREASED | L .
ROS DAMAGE | 1
\ ‘ INCREASES
GLUTATHIONE | 1 = "
(GSH) MUSCLE STRENGTH _5?. EXERCISE CAPACITY
IMPROVEMENT O ENHANCEMENT
[/ OLDER ADULTS (65+): [V] OLDER ADULTS:
Significant increases in Improved 6-minute walk
grip strength, leg press distance, reduced fatigue
IMPAIRED power, and reduced levels, and better overall
PROTECTION sarcopenia risk. _.| endurance. N
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Advanced Interventions: The Rapamycin Paradox

f Dimmer Switch of Aging B

O
mTORC2 Active
A (Immune Integrity)
mTORC1
Suppressed
(Nutrient Sensing)

Autophagy _
Triggered

Cleaned Cells

Rapamycin is the universal life extender, acting as a master dimmer switch for aging. By temporarily braking the mTORC
pathway via weekly, low-dose pulses (e.g., 10mg), cells enter Autophagy—a self-cleaning mode that recycles damaged proteins.

DXA scans confirm this improves muscle quality and preserves lean mass by clearing aggregate damage.




The Rapamycin Anabolic Window

7-Day Cyclical Timeline o }

O

ACTIVE RECOVERY THE CLEARANCE PHASE

Heavy Resistance Training
~' : implemented to maximize hypertrophy.

DOSE DAY

@o High Rapamycin levels. \ Tapering levels.
: mTOR inhibited.
©xEP Cellular cleanup active.

(No heavy lifting). MAXIMAL HYPERTROPHY WINDOW
\L | Wide tracking {

Blood Concentration of Rapamycin

THE DANGER Inhibiting mTOR while protein-restricted accelerates sarcopenia.

The 24-48 Hour Post-Exercise Rule. Because Rapamycin blocks acute spikes in muscle protein synthesis, we separate the windows
of inhibition and activation. Save heavy mechanical loads for the “Clearance Phase” (Days 5-7) when blood concentrations are lowest.

(°) THE SOLUTION




Acarbose & The Gut-Muscle Axis

—— THE STRUCTURAL PROTECTION ——
Flattens Post-Meal Plasma Glucose
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Colonic Shifts favor Akkermansia muciniphila  Improved Metabolic Flexibility

Metabolic dysfunction accelerates muscle decay. Acarbose operates on two fronts: it flattens post-meal plasma glucose spikes
(reducing systemic inflammation) and triggers significant colonic shifts that favor Akkermansia muciniphila. This keystone bacteria

stimulates natural GLP-1 release and improves metabolic flexibility, strengthening the gut lining against age-related decline.




Advanced Reinforcements: Bio-Targeted Peptides

MOTS-c & SS-31

: ~ ENERGY MATRIX
| REPAIR

Mitochondrial targeted therapies
aimed at restoring ATP efficiency and
reversing the age-related energy
crash.
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Pineal peptide that shifts systemic
architecture, promoting deep
restorative sleep essential for
nocturnal muscle repair and GH
release.

S1PC (AGED GARLIC EXTRACT)
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L SIGNALING

SKELETAL REVERSE
MUSCLE FRAILTY INDEX

Conserved pathway activation.
Increases NAD+ levels via eNAMPT
secretion, boosting sympathetic
signaling to skeletal muscles to increase
raw force and reverse the frailty index.

Beyond traditional medicine lies the frontier of signaling peptides—molecules designed to bypass degraded pathways and directly
command cellular rejuvenation, NAD+ restoration, and mitochondrial biogenesis.
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Measuring the Delta: Validating the Blueprint

FUNCTIONAL & PHENOTYPIC PANEL

-

\

Hand Grip Strength

"\

Proxy for total body protein reserves.
Target: Men >50kg, Women >30kg

£ =

Muscle Mass

Timed-Up-and-Go

- o

Measured via DEXA scan (gold standard).
Monitor the primary metabolic reserve.

Dynamic stability test.
Target: Reveals deficits in fast-twitch
Type |l muscle fibers.

Chronological age is a simple measure of time passed. Biological age is the true ‘wear and tear' on the chassis. By

implementing these nutritional, mechanical, and medical protocols, we shift from managing inevitable decay to
actively optimizing the metabolic engine. Measure the delta, and take control of your architecture.
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