Addressing The Post-Hypoglycemia

Recovery Gap with Multi-Energy
Substrate (MESH) Formulations

Summary

Patients frequently highlight a significant "Recovery Gap" following self-treatment of hypoglycemia — a period of
persistent cognitive dysfunction that lingers after blood glucose levels have normalized.

Experimental evidence suggests this gap is driven by a glycolytic bottleneck within the brain, where coenzyme
(NAD+) depletion inhibits efficient processing of glucose by neurons.

This white paper examines the pathophysiology of the post-hypoglycemic brain and evaluates the efficacy of Multi-
Energy Substrate for Hypoglycemia (MESH) formulations - specifically the novel product Klario®. By combining fast-
acting carbohydrates with (B-hydroxybutyrate (BHB) and lactate, this therapeutic strategy aims to bypass the
glycolytic bottleneck and accelerate recovery.

1.The Clinical Problem: The Recovery Gap

In the management of hypoglycemia, the
restoration of euglycemia is often viewed as the
definitive endpoint of treatment (1). Evidence in
patients with type 1 diabetes (T1D) shows a
persistent "Recovery Gap" where cognitive
functions (choice, reasoning, attention) can remain
impaired for hours, despite normalized plasma
glucose levels (2,3,4).

Understanding the metabolic basis for the lag in
functional recovery is important to direct future
research and innovative product development, in REGAIN YOUR CLARITY
order to improve patient outcomes and quality of '
life.
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RECAP:
Glucose metabolism & the NAD+-dependent step

e Glucose metabolism in the brain occurs in two linked stages: glycolysis in the cytoplasm, followed by
mitochondrial oxidation via the tricarboxylic acid (TCA) cycle to support ATP generation.

e Glycolysis provides the initial breakdown of glucose into downstream intermediates and reducing
equivalents that feed mitochondrial metabolism (Figure 1a).

e A critical step in this pathway is catalysed by the enzyme GAPDH, which requires cytosolic NAD+ as an
essential coenzyme.

e Continuous cytosolic NAD* availability is necessary to sustain glycolytic flux and rapid neuronal ATP
production.

2.The Pathophysiology

Evidence suggests that restoration of neuronal ATP after hypoglycemia may be limited by a transient impairment
of glucose utilization within the brain (Figure 1b).

The acute metabolic stress of hypoglycemia triggers a cascade of cellular events that transiently inhibit glycolytic
flux:

)

Hypoglycemia induces excitotoxicity and release of reactive oxygen species

e Mg (ROS), which activates PARP-1 - a DNA repair enzyme (5,6).

&)

Once activated, PARP-1 rapidly consumes cytosolic NAD+, leading to a

The Metabolic Drain temporary shortage (7).
With cytosolic NAD+ depleted, the GAPDH step becomes a rate-limitin
The Bottleneck | y. | P : P : MHng
metabolic bottleneck that constrains glucose metabolism (8).
Vetabolic Mismatch Self-mar.waggm.en.t restores glucosfe d.e.llvery to the brain, but ATP energy
production is limited by NAD+ availability (9).
: , When stalled at the bottleneck, incoming glucose is diverted into the
Secondary Injury

hexose monophosphate shunt. This can exacerbate oxidative stress (10).
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3.The Strategy: Metabolic Bypass

Providing energy substrates that can sustain ATP production independently of glycolysis offers an opportunity to
bypass this metabolic bottleneck (Figure 1c). Adaptive energy sources such as [B-hydroxybutyrate (BHB) and lactate,
which are naturally produced and utilized during exercise or starvation, enable this strategy by providing substrates
for mitochondrial respiration independent of the glycolytic pathway.

3.1 B-Hydroxybutyrate (BHB)

BHB crosses the blood-brain barrier via

monocarboxylate transporters. These -
) . Capillary Glucose BHB

transporters are upregulated in diabetes e \
(11), facilitating increased cerebral uptake of \
BHB. rCytoso/ J ]
In the brain, BHB is oxidized within the S 2
mitochondria to acetoacetate and then Pyrurva(e A
acetyl-CoA, allowing entry into the TCA cycle [ i Aotoeatats |
while bypassing cytosolic glycolysis (Figure i | /’\
2). Pyruvate -------- » Acetyl-CoA — ‘\g;?e

| Mitochondrion 4/ |
Because this pathway is mitochondrial and - /
relies on mitochondrial NAD* rather than
cytosolic NAD*, BHB metabolism can Figure 2. Neuronal metabolism of B-hydroxybutyrate (BHB). Circulating

proceed even when the cytosolic pool is BHB crosses from the capillary into neuron.s and is .OXI.dI.Zed to acetoacetate
debl d. thereb _ , g and then converted to acetyl-CoA, bypassing the inhibited GADPH step of

€p Ete. , thereby supporting continued ATP glycolysis to enter the mitochondrial tricarboxylic acid (TCA) cycle and
generation. support ATP production.

3.2 Lactate

Lactate is a reversible product of glycolysis, formed from pyruvate when mitochondrial oxidation is limited, for
example by oxygen availability. Following uptake, lactate is readily converted back to pyruvate by lactate
dehydrogenase. This pyruvate can then enter the mitochondria to support ATP production. In this way, lactate
supplies the same downstream substrate that glycolysis normally produces, allowing mitochondrial energy
generation to continue when glycolytic flux is constrained.
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Figure 1. A. Normal metabolism. Glucose generates ATP via glycolysis and the mitochondrial TCA cycle. B. The Bottleneck. Hypoglycemia triggers PARP-1-mediated NAD+
depletion, inhibiting GAPDH. This renders the brain unable to metabolize glucose efficiently despite systemic correction. C. Metabolic Rescue. Adaptive energy substrates (BHB,
lactate) bypass the glycolytic bottleneck, sustaining mitochondrial function and ATP levels during the post-hypoglycemic recovery window.
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4. MESH Formulations & Klario®

The MESH approach - inclusion of adaptive energy sources alongside glucose - may advance hypoglycemia care,
shifting treatment from simple sugar replacement to active metabolic rescue.

Experimental and clinical evidence indicates important neuroprotective and functional benefits of MESH:

e Preserving ATP: In pre-clinical models, co-administering BHB/lactate with glucose preserves cerebral ATP
levels and reduces neuronal cell death by 70-90% (12-15).

» Faster Cognitive Recovery: Clinical studies show that elevated plasma concentrations of BHB and lactate
are associated with improved memory, attention, and reaction time during the post-hypoglycemia recovery
window (16,17,18).

 Reduced Oxidative Stress: BHB reduces the production of ROS and increases antioxidant enzymes;
glucose metabolism alone can increase oxidative stress (19).

e Neuronal Growth: BHB stimulates the production of Brain-Derived Neurotrophic Factor (BDNF), a critical
protein which promotes the growth and survival of neurons (20).

Klario®

Klario® is an novel MESH formulation that combines fast-acting carbohydrates with BHB and lactate to aid
post-hypoglycemic recovery.

Klario® is designed to help patients feel and function better after a hypo, by providing adaptive energy that
can bypass the glycolytic bottleneck and rapidly restore neuronal energy supply.

Real-world data from more than 1,000 hypoglycemic episodes validates the clinical advantage of MESH
approaches over standard glucose-only treatments (18). Results showed higher time-in-range and fewer
recurrent hypoglycemic episodes in the hours after treatment, alongside significant patient-reported
improvements in speed of symptom resolution and functional recovery.

4. Conclusions

Pairing fast-acting carbohydrates with adaptive energy sources that enter mitochondrial metabolism directly offers a
way to support brain energy production while glycolysis remains transiently impaired after hypoglycemia.

Clinical study results demonstrate the effectiveness of Klario®s novel MESH formulation. Evolving hypoglycemia
management from simple sugar replacement to active metabolic rescue with MESH formulations can help to
address the recovery gap and improve outcomes for people with diabetes.
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Glossary

e Hypoglycemia (Hypo) - Low blood glucose. Clinically defined as below 3.9 mmol/L (70 mg/dL), but often
experienced as both physical and cognitive symptoms.

o Glycolysis - The first step in the process cells use to turn glucose into energy (ATP). During and after a
hypo, this pathway can temporarily slow or stall.

e ATP (Adenosine Triphosphate) - The cell's main energy source. Low ATP in the brain contributes to
fatigue, brain fog, and slowed thinking.

o PARP-1 (Poly(ADP-ribose) polymerase 1) - A DNA repair enzyme. When activated during metabolic
stress, it consumes NAD*, which can reduce energy production.

 NAD* (Nicotinamide Adenine Dinucleotide) - A coenzyme required for glycolysis to work. During
hypoglycemia, NAD* can be depleted, limiting the brain’s ability to use glucose for energy.

e GAPDH (Glyceraldehyde-3-phosphate dehydrogenase) - A key enzyme in glycolysis that depends on
NAD*. When NAD* is low, this step becomes blocked, creating an energy bottleneck.

e Mitochondria -Subcellular organelles that house the tricarboxylic acid (TCA) cycle and oxidative
phosphorylation, supporting cellular energy metabolism.

e TCA Cycle (Tricarboxylic Acid Cycle) - Also known as the Krebs cycle or citric acid cycle. A central
metabolic pathway occurring within the mitochondria that generates energy (ATP) by oxidizing acetyl-CoA
derived from carbohydrates, fats, and proteins.

e B-Hydroxybutyrate (BHB) - A natural adaptive energy source the brain can use when glucose
metabolism is impaired.

e Lactate - A naturally occurring energy source that the brain can use to support energy production,
especially when glucose processing is disrupted.

o Adaptive energy - Natural energy sources (such as BHB and lactate) that help the brain maintain energy
when glucose use is limited.
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