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Abstract

Repairing tissue requires immune activation, cellular expansion and later specialized function, each with different
metabolic requirements. This paper proposes that unsuccessful switching between such states may limit regeneration.
It rejects simple good-fuel/bad-fuel accounts and identifies how time-resolved metabolism and function could
distinguish cause from adaptive consequence.

A tissue does not perform the same task at every stage

Following injury, immune cells mobilize, fibroblasts remodel tissue, progenitors may divide and differentiated cells
resume specialized function. Each stage imposes different demands on fuel use, redox balance and biosynthesis. The
Institute proposes that impaired metabolic switching may limit regenerative competence when a tissue cannot
transition effectively among these tasks. This is not equivalent to declaring glucose oxidation harmful or fatty acid
oxidation beneficial; each pathway serves different purposes in particular cells.

From substrate to decision

Nutrient sensing through pathways involving AMPK, mTOR and insulin-related signaling influences cellular growth,
stress responses and autophagy. Metabolites may also shape epigenetic regulation and inflammatory behavior. But
those networks are interconnected and context dependent. An intervention that reduces growth signaling in one phase
may preserve cells under stress yet obstruct rebuilding later. A chronically undernourished patient may already be in
a state where additional restriction is counterproductive.

A time-resolved approach

Rather than measuring metabolism at one point, useful research would observe how cell populations transition over
the course of repair. Are macrophages adopting an appropriate resolution state? Are progenitors entering growth
when adequate substrates exist? Are mature cells re-establishing tissue-specific metabolism? A failure at any
transition might prolong inflammation, fibrosis or weakness. The measurements should include actual repair
outcomes, not simply pathway markers.

The counterargument

Metabolic changes may reflect successful adaptation to injury instead of causing failure. In a damaged muscle,
reduced oxidation could result from lost mitochondria or inactivity; increasing metabolism would not recreate
missing motor neurons. Repair also depends on mechanical and developmental signals outside metabolic pathways.
A theory of metabolic switching is strongest when it identifies a precise bottleneck and demonstrates that correcting
it improves durable function.
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A clinical thought experiment

After an injury, an early inflammatory cell may benefit from rapid glycolysis, while later tissue reconstruction
requires biosynthesis and mature oxidative function. Describing one substrate as 'dirty' and another as 'clean' is a
category error. Successful healing depends on context, not allegiance to a dietary or biochemical ideology. The
framework is useful when it identifies a transition that can actually be measured and modified.

What would discriminate among explanations

Time-resolved models should compare cell states against repair outcomes and test whether changing a proposed
metabolic bottleneck helps without creating new dysfunction. If every observed metabolic switch is merely
secondary to cell differentiation, the intervention logic must be revised. The therapeutic target may be the upstream
differentiation signal rather than the fuel itself.
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Evidence note: a proposed conceptual synthesis. These papers do not establish a novel clinical diagnosis, validated rejuvenation treatment
or human lifespan benefit.
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