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Abstract

This document defines a theoretical reference formulation for the calibration of the Hydra Chronic Barrier
Integrity Framework (BIF). It is not proposed as a product, a clinical recommendation, or a commercially
viable specification. It is a structured analytical construct: a fully reasoned formulation architecture
designed to demonstrate whether a system can simultaneously satisfy the four BIF dimensions under
conditions of compromised skin barrier physiology.

Each component decision is explicitly justified by reference to primary literature on skin barrier
physiology, lipid organization, and formulation-barrier interaction. The objective is not optimization. It is
the establishment of a reproducible reference point against which other formulations can be evaluated for
physiological coherence.

1.  Scope and Status of This Document

This document does not constitute:

–  a therapeutic or cosmetic recommendation

–  a commercially viable product specification

–  a claim of clinical efficacy

It is:

–  an analytical construct designed to test the internal consistency of a formulation under defined
physiological constraints

–  a calibration instrument for the Barrier Integrity Framework

–  a theoretical demonstration that all four BIF dimensions can be simultaneously satisfied

The formulation described here has not been manufactured, tested in vivo, or submitted for regulatory review.
Its function is methodological, not practical.

2.  Theoretical Basis

The reference formulation is derived from three constraints, each corresponding to a class of
physiological demand specific to compromised skin barrier systems.

2.1 Structural Constraint
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Barrier-compromised skin is characterized by disrupted lamellar lipid organization in the stratum
corneum. The intercellular lipid matrix, composed of ceramides, free fatty acids, and cholesterol in a
specific molar ratio, loses structural coherence under conditions of atopic dermatitis, chronic irritant
contact dermatitis, and related barrier pathologies (Proksch et al., 2008; Elias, 2012). A physiologically
coherent formulation must not further disrupt this organization and must, where possible, support
lamellar continuity.

2.2 Physiological Constraint

Compromised skin exhibits reduced tolerance thresholds, altered pH homeostasis, and increased
inflammatory susceptibility. The normal stratum corneum pH of 4.5–5.0 is frequently elevated in
barrier-compromised states, which in turn impairs serine protease regulation and lamellar body
secretion (Hachem et al., 2003; Fluhr and Darlenski, 2009). Formulations must remain compatible with
this altered physiological environment without introducing additional destabilizing variables.

2.3 Variability Constraint

Skin barrier states are not static. Interindividual heterogeneity in lipid composition, filaggrin
expression, and microbiome profile produces significant variation in baseline barrier function (Noh and
Lee, 2016). Additionally, barrier competence fluctuates with environmental conditions, seasonal
variation, and disease activity. A reference system must remain physiologically coherent across this
range, not only under idealized conditions.

3.  Formulation Architecture

The reference formulation follows a minimal-coherent architecture. The term minimal-coherent
designates a system in which every component is present for a defined physiological reason, and no
component is present whose function cannot be explicitly justified against the constraints defined in
Section 2.

The architecture is defined by five structural principles:

–  Lipid-phase dominance: the continuous phase is lipid-based to reduce osmotic stress on the
barrier and support surface lipid continuity

–  Low emulsifier load: emulsification is achieved with the minimum effective concentration of a
biologically compatible emulsifier, reducing interfacial disruption

–  Absence of known barrier-disruptive components: no surfactants, penetration enhancers, or
fragrance materials are included

–  Controlled humectant presence: hydration support is included at physiologically appropriate
concentrations without introducing cumulative irritative load

–  Restricted active complexity: no high-dose actives are included; the reference system is designed
to demonstrate structural coherence, not therapeutic efficacy

These five principles are the operational translation of the three constraints defined in Section 2. Each principle
can be traced directly to one or more physiological constraints.
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The formulation is evaluated not only for structural coherence, but for its ability to maintain that
coherence under conditions of biological variability and reduced tolerance thresholds. This is the
operational meaning of the Variability Constraint in Section 2.3.

4.  Component Rationale and Literature Basis

The following table summarizes the components of the reference formulation, their function, and the
physiological rationale for their inclusion. Detailed justification follows for each component class.

Component Function Rationale

Caprylic/Capric
Triglyceride

Emollient, occlusion Inert lipid; low sensitization potential; supports
surface continuity

Squalane Emollient, film formation High oxidative stability; structural analog to sebum
lipids

Shea Butter Emollient, lipid provision Rich in unsaponifiables; supports barrier surface
without reactive burden

Hydrogenated Lecithin Emulsifier Lamellar-compatible; does not disrupt
intercellular lipid organization

Glycerin Humectant (primary) Physiologically compatible; barrier-supporting at
appropriate concentrations

Pentylene Glycol Humectant (secondary) Minimal concentration; antimicrobial co-function

Ceramide NP Structural lipid signal Minimal lamellar anchor; deliberately incomplete
— see 4.4

Hydroxyethylcellulose Rheology, stabilization Low biological reactivity; no known barrier
interaction

Xanthan Gum Rheology, texture Inert; supports emulsion stability

Carbomer Viscosity control Standard stabilizer; used at minimum effective
concentration

4.1 Lipid Phase

Caprylic/Capric Triglyceride, Squalane, and Shea Butter are selected as the primary lipid phase. These
materials are characterized by low oxidative burden, minimal sensitization potential, and structural
compatibility with skin surface lipids. Squalane is a stable, branched hydrocarbon present in sebum and
has been shown to integrate without disrupting the lipid barrier (Surber and Maibach, 2012). Shea butter
provides a source of unsaponifiable fractions, including triterpene alcohols, which have demonstrated
supportive effects on barrier function in compromised skin (Akihisa et al., 2010).

4.2 Emulsification System
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Hydrogenated Lecithin is selected as the primary emulsifier. Its relevance in this context derives from
its structural similarity to biological membrane phospholipids. Unlike PEG-based emulsifiers, which
may increase transepidermal water loss and disrupt intercellular lipid lamellae at higher concentrations
(Loden, 2003), lecithin-based systems can form lamellar or pseudo-lamellar structures that are
mechanistically compatible with the stratum corneum lipid matrix. Concentration is restricted to the
minimum effective level.

4.3 Humectant System

Glycerin is the primary humectant. Its physiological compatibility in barrier-compromised skin is well
established: glycerin has been shown to support stratum corneum hydration and improve barrier
recovery in clinical studies (Fluhr et al., 2004). Pentylene Glycol is included as a secondary humectant at
minimal concentration, primarily for its preservation co-function. Total glycol load is restricted to
minimize cumulative irritative potential in sensitized skin.

4.4 Barrier Lipid Signal

Ceramide NP is included as a minimal structural anchor. The omission of a full
ceramide–cholesterol–fatty acid system is deliberate: replicating the complete stratum corneum lipid
system would require precise molar ratios and significantly increase formulation complexity (Bouwstra
et al., 2003). This omission prevents the false implication of complete barrier reconstruction within a
reference model. The objective is a lamellar-compatible lipid signal, not a therapeutic intervention.

4.5 Rheology and Stability System

Hydroxyethylcellulose, Xanthan Gum, and Carbomer are included for emulsion stabilization and
viscosity control. These materials are selected for their low biological reactivity and minimal interaction
with skin barrier components. No known barrier-disruptive effects have been reported at standard use
concentrations (SCCS, 2012).

5.  Deliberate Exclusions

Exclusion is treated as an active design decision, not the absence of a decision. The following categories
were explicitly excluded from the reference formulation:

–  PEG-based emulsifiers: risk of intercellular lipid disruption at effective concentrations (Loden,
2003)

–  High-load surfactant systems: documented barrier disruption via protein denaturation and lipid
extraction (Ananthapadmanabhan et al., 2004)

–  Fragrance and essential oils: primary sensitizers in compromised skin; no functional justification
within the BIF constraints

–  Aggressive penetration enhancers: alter barrier permeability in ways that conflict with the
structural constraint

–  High-dose actives: introduce efficacy variables outside the scope of a coherence calibration
instrument
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The exclusion list is not a claim about the safety of excluded components in general use. It is a statement about
their incompatibility with the specific physiological constraints under which this reference formulation
operates.

6.  Evaluation Against BIF Dimensions

The following section evaluates the reference formulation against the four dimensions of the Barrier
Integrity Framework. A methodological note applies before the evaluation: the Functional pH Corridor
(Dimension 2) is treated as a non-compensable failure condition. Deviation from the physiological pH
corridor is a disqualifying finding irrespective of performance in other dimensions. This reflects the
mechanistic primacy of pH in serine protease regulation and lamellar body secretion in compromised
skin (Hachem et al., 2003). The remaining three dimensions are evaluated independently.

Dimension Formulation Decision BIF Criterion Verdict

Barrier
Architecture

Lipid-phase dominance; lecithin
emulsifier; ceramide NP anchor

Lamellar coherence not
disrupted; structural lipid
continuity supported

Fulfilled

Functional pH
Corridor

No alkaline components;
pH-neutral humectants; no
soap-based emulsifiers

Compatible with 4.5–5.0
corridor; no pH-elevating
agents present

Fulfilled (non-comp
ensable)

Membrane
Compatibility

No PEG emulsifiers; no
surfactants; no fragrance;
restricted glycol load

No known
membrane-disruptive
components at operative
concentrations

Fulfilled

Delivery Logic No penetration enhancers;
surface-level lipid coherence
prioritized

Delivery strategy coherent with
barrier-compromised
physiology; no overreach

Fulfilled

6.1 Barrier Architecture (Level II)

The lipid-phase dominant architecture, combined with a lamellar-compatible emulsifier and a ceramide
structural anchor, produces a system that does not disrupt intercellular lipid organization. The absence
of high-HLB emulsifiers and surfactants eliminates the primary route of lamellar disruption identified in
the literature (Loden, 2003; Bouwstra et al., 2003). The ceramide NP inclusion provides a minimal
lamellar signal without introducing the complexity of a full lipid system. Verdict: Fulfilled.

6.2 Functional pH Corridor (Level III) — Non-Compensable Condition

Deviation from the physiological pH corridor of 4.5–5.0 is treated as a non-compensable failure
condition, irrespective of performance in other dimensions. This designation reflects the mechanistic
role of pH in serine protease regulation: elevated stratum corneum pH activates kallikrein-related
peptidases, accelerates corneodesmosomes degradation, and impairs lamellar body secretion,
producing cascading structural failure independent of other formulation properties (Hachem et al.,
2003; Fluhr and Darlenski, 2009). No component in the reference formulation introduces alkaline
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species. The absence of soap-based emulsifiers, which typically operate at pH 7–8, eliminates the most
common source of pH disruption in emulsion systems. Verdict: Fulfilled.

6.3 Membrane Compatibility (Level III)

The exclusion of PEG-based emulsifiers, surfactants, fragrance, and high-dose penetration enhancers
removes the principal categories of membrane-disruptive agents identified in primary literature
(Ananthapadmanabhan et al., 2004; Proksch et al., 2008). Components present in the formulation have
established safety profiles at standard use concentrations in compromised skin. Verdict: Fulfilled.

6.4 Delivery Logic (Level II)

The formulation makes no claim to active delivery beyond surface-level lipid coherence. No penetration
enhancers are included; no encapsulation systems are present; the ceramide component is not
presented as a delivery mechanism but as a structural signal. The delivery logic is coherent with
barrier-compromised physiology in that it does not attempt to overcome the barrier, but to support its
surface integrity. Verdict: Fulfilled.

7.  Limitations of the Reference System

The following limitations are explicit and intentional:

–  The formulation does not represent optimal barrier reconstruction. It represents coherence, not
efficacy.

–  The ceramide component does not replicate the full lipid complexity of the stratum corneum. The
omission of a complete ceramide–cholesterol–fatty acid system is deliberate and prevents
overstatement of reconstructive capacity.

–  The formulation does not address all pathological skin states. It is calibrated for the general class
of compromised barrier physiology, not for specific conditions such as ichthyosis or active eczema.

–  No in vivo validation has been conducted. The reference system is a theoretical construct.

–  Concentration ranges are not specified. The reference formulation addresses component
selection and architectural logic, not quantitative optimization.

8.  Function of the Reference

This formulation is intended to serve three analytical functions within the Barrier Integrity Framework:

–  Baseline for comparison: formulations evaluated against the BIF can be systematically compared
against the reference architecture to identify structural deviations and their physiological
implications

–  Instability detector: more complex systems can be tested against the reference by introducing
additional components and evaluating whether each addition improves or degrades coherence
relative to the baseline

–  Framework calibration instrument: the reference demonstrates that the four BIF dimensions can
be simultaneously satisfied, establishing that the framework is not internally contradictory
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9.  Concluding Statement

This reference formulation is not an answer to compromised skin. It is a constraint
model.

Its purpose is not to demonstrate efficacy. It is to define the conditions under which efficacy claims
remain structurally plausible — and to show, by example, that those conditions can be coherently
assembled into a formulation architecture.

A formulation that deviates significantly from this reference without explicit justification does not
automatically fail BIF evaluation. But it carries the burden of demonstrating physiological justification
for each deviation. The reference establishes where that burden begins.
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