Variety Dynamics Case Study:
Antibiotic Resistance and High-Variety
Herbal Antimicrobial Protocols

Dr Terence Love
Love Services Pty Ltd

https://doi.org/10.5281/zenodo.19045562
Version: 1.0 © 2026 Terence Love, Love Services Pty Ltd

Framework: Variety Dynamics (VD) Domain: Microbiology / Clinical Medicine /
Pharmacology System Type: Host-Pathogen Interaction System Analytical Level: Micro
(cellular/biochemical) with Macro (clinical and policy) implications Date: February 2026

System Description and Analytical Challenge

Clinical Case

Following hospital catheterisation, a patient acquired a urinary tract infection caused by
Pseudomonas aeruginosa , an opportunistic nosocomial pathogen classified by the WHO
among its critical-priority antibiotic-resistant organisms [1]. Standard oral antibiotics
proved ineffective. A ten-day course of ciprofloxacin, a broad-spectrum fluoroquinolone
carrying significant risks including tendon damage, peripheral neuropathy, and cardiac
effects [2-5] likewise failed to eliminate the organism from urine samples. This failure of
standard oral antibiotics and broad-spectrum fluoroquinolone ciprofloxacin is in line with
experiences of others [6-13] The remaining conventional antibiotic option was
hospitalisation with a five-day intravenous antibiotic regimen[14], carrying further risks of
systemic toxicity, secondary resistance selection, and catheter-associated complications
[12].

An alternative herbal oral protocol was employed. The protocol comprised tinctures of five
botanical agents: Cryptolepis sanguinolenta (cryptolepis), ginger (Zingiber officinale),
usnea (Usnea spp.), bidens (Bidens pilosa), and juniper (Juniperus spp.). Treatment
extended for approximately one week. Subsequent urine cultures showed elimination of P.
aeruginosa, with clearance sustained at longer-term follow-up as shown in patient records
of MSU analyses.

This is a single case. It cannot constitute clinical proof of efficacy. However, the structural
pattern it exhibits, i.e. high-variety attacking system overcoming a pathogen whose



resistances specifically evolved against low-variety antibiotic attack, maps directly onto
core Variety Dynamics principles, and generates hypotheses of significant theoretical and
applied significance.

The Analytical Challenge Reframed by VD

Conventional antimicrobial analysis asks: which compound kills this organism? This
frames the problem as a search for a single, targeted agent with maximal specificity.
Variety Dynamics reframes it: what is the variety distribution of the attacking system, and
does it exceed or exhaust the defensive variety distribution of the pathogen?

This reframing is not merely terminological. It shifts analytical attention from the properties
of individual agents to the structural relationship between attacking variety and defensive
variety across the entire interaction. The observed clinical outcome becomes a specific
instance of a general VD principle: that variety-limited attack against a variety-rich
defender systematically fails, while high-variety attack can succeed where single-
mechanism interventions cannot.

Variety Dynamics (VD) Analysis: Pathogen’s Defensive
Variety Distribution

Pseudomonas aeruginosa as a High-Variety Defensive Actor

Variety Dynamics identifies power loci through actors whose variety significantly exceeds
that of their challengers. P. aeruginosa exhibits a large, well-documented defensive variety
set that constitutes its resistance power locus. Critically, these mechanisms are not a
single wall but a layered, adaptive, multi-mechanism architecture [7-11,11,13]

Structural and intrinsic resistance varieties:

e Reduced outer membrane permeability via sparse porin architecture (particularly
OprD channels), physically limiting antibiotic penetration into the cell

e Chromosomally-encoded AmpC B-lactamase, enzymatically inactivating -lactam
antibiotics through hydrolysis

e Constitutively expressed multidrug efflux pump systems (MexAB-OprM, MexCD-
OprlJ, MexEF-OprN, MexXY-OprM), actively expelling antibiotics including
fluoroquinolones, B-lactams, and aminoglycosides before they reach intracellular
targets

e Low intrinsic outer membrane permeability compounding the effect of all other
resistance mechanisms by reducing baseline drug accumulation

Acquired and adaptive resistance varieties:



e Mutational resistance: chromosomal mutations selected under antibiotic pressure
rapidly generate new resistance phenotypes, over 500 AmpC cephalosporinase
(PDC) variants have been characterised

e Biofilm formation: self-produced extracellular polymeric matrix physically excludes
antibiotics, dramatically reduces metabolic activity of embedded cells (reducing
antibiotic effectiveness), and generates persister cell subpopulations with extreme
multidrug tolerance.

e Adaptive resistance via two-component signalling systems (TCSS), which
dynamically regulate efflux pump expression and other resistance mechanisms in
response to environmental stress including antibiotic exposure.

e Quorum sensing systems coordinating population-level virulence and resistance
behaviours, including biofilm formation, exopolysaccharide production, and
expression of virulence factors.

The structural consequence is that P. aeruginosa does not rely on any single resistance
mechanism. Its defensive variety is high, distributed, adaptive, and partially redundant,
meaning neutralising one mechanism does not disable the others. The organism
constitutes what VD identifies as a highly variety-stable actor: difficult to destabilise by any
single or few-mechanism challenger.

Why Ciprofloxacin Failed: The Low-Variety Attack Problem

Ciprofloxacin operates through a highly specific, single primary mechanism: inhibition of
DNA gyrase (topoisomerase Il) and topoisomerase IV, enzymes essential for DNA
replication and repair [13,15,16,16,17] . This constitutes a low-variety attack : it engages
the pathogen through one well-defined pathway.

From a VD perspective, this structure is analytically predictable in its failure trajectory. P.
aeruginosa acquires resistance to fluoroquinolones through multiple discrete
mechanisms, including:

e Target site mutations in gyrA and parC genes altering the structure of DNA gyrase
and topoisomerase IV, reducing ciprofloxacin binding affinity

e Upregulation of efflux pumps (particularly MexCD-OprlJ) that actively expel the drug
before it reaches effective intracellular concentrations

e Reduced membrane permeability reducing drug uptake \

Each resistance mechanism represents a variety-cancellation pathway, a means by which
the pathogen can and does nullify the antibiotic attacking variety. Because ciprofloxacin’s
attacking variety is low (one primary mechanism), the pathogen requires acquiring or
expressing only a small number of counter-varieties to achieve full resistance. The
evolutionary logic is direct: low-variety attacks are evolutionarily stable targets. The
pathogen faces a small, well-defined problem and has had extensive evolutionary time and
exposure pressure to solve it.



This is the structural explanation for the well-documented clinical pattern of rapid
fluoroquinolone resistance emergence in P. aeruginosa , a pattern that VD identifies as
inherent to the variety mismatch, not a pharmacological failure in any narrow sense.

Intentional Low-Variety as a Design Principle and Its Structural Consequences

A crucial dimension that conventional AMR analysis largely overlooks is that antibiotic low-
variety is not an accidental property or a pharmacological limitation waiting to be
overcome. Itis a deliberate design objective of conventional pharmacology.

Antibiotics are specifically engineered for high selectivity: the intent is to attack the target
organism through the narrowest possible mechanism while producing minimal collateral
effects on the host and host microbiome. Selectivity is the primary safety criterion. High
specificity of mechanism, attacking one well-defined molecular target, is the instrumental
means to that selectivity. The entire drug development and regulatory framework rewards
this property: broad-spectrum, multi-mechanism agents are viewed with suspicion
precisely because their side-effect profiles are harder to predict and control.

From a Variety Dynamics perspective, this design logic produces a structurally determined
vulnerability. The deliberate minimisation of attacking variety to achieve safety and
specificity simultaneously minimises the variety problem the target organism must solve to
achieve resistance. The narrower the attack mechanism, the smaller the target variety, and
therefore the smaller the counter-variety the pathogen must generate to nullify the
intervention entirely.

This constitutes a systematic, design-embedded paradox: the pharmaceutical property
most valued for patient safety, high specificity , is the same property that makes the
intervention maximally vulnerable to resistance evolution.

The two objectives are not merely in tension; they are structurally opposed in variety
terms. Every increase in selectivity is simultaneously a reduction in the evolutionary
difficulty the pathogen faces.

VD makes this consequence precise. If an antibiotic achieves its therapeutic effect
through mechanism M alone, then any mutation or expression change in the pathogen that
blocks, evades, or degrades M confers complete resistance. The pathogen needs to solve
a single-variable problem. The more specific Mis, the more precisely it targets a single
enzyme, receptor, or structural feature , the more precisely defined that single-variable
problem becomes, and the more readily evolution locates a solution. Thisis not a
statement about mutation rates; it is a statement about the size of the solution space the
pathogen must search.

The contrast with the herbal protocol’s variety architecture is exact. A five-component
protocol attacking across six independent biological dimensions requires the pathogen to
simultaneously acquire effective counter-variety against all six. The solution space is not
six times larger , it is exponentially larger, because solutions to individual components do



not combine additively when the components are structurally independent. The pathogen
faces a combinatorial problem that evolution addresses poorly, particularly within the
compressed timescale of a clinical infection.

This analysis also reframes the side-effect concern that motivates antibiotic specificity.
The high-variety herbal protocol demonstrably produced no clinically significant adverse
effects in this case, and this aligns with the safety profiles of the individual agents for
short-term therapeutic use at low doses [18,19]. The earlier safety argument for
pharmaceutical specificity therefore does not straightforwardly apply: high attacking
variety does not automatically map onto high host toxicity when the attacking agents
biologically evolved to discriminate between eukaryotic and prokaryotic targets. Plants
face the same evolutionary pressure as clinicians , attacking pathogens without damaging
the host, and have arrived at high-variety solutions that achieve both simultaneously.

The implication is that the pharmaceutical industry’s central safety-driven design heuristic,
to maximise specificity , may be optimising for the wrong variety dimension, producing
interventions that are individually safer in the short term but, collectively, self-undermining
through systematic resistance generation over time.

The Transport Constraint: Antibiotics as Delivery Systems First

A further variety constraint operates at the level of molecular design that is analytically
distinct from specificity, though it compounds it. This dimension is rarely foregrounded in
AMR discourse but is structurally significant from a VD perspective.

The transport problem is a primary design constraint. Killing bacteria in isolation is not
pharmacologically difficult. Bleach, alcohol, heat, and dozens of industrial biocides
eliminate P. aeruginosa reliably and completely. The challenge is not lethality in principle ,
itis targeted lethality delivery: transporting a sufficient concentration of a toxic agent to the
site of infection, in active form, without causing unacceptable harm to the host along the
way.

Every pharmaceutical antibiotic must simultaneously satisfy two largely independent
constraint sets: the antimicrobial constraint (the molecule must be toxic to the target
organism at the site of infection) and the transport constraint (the molecule must be
absorbed from the administration route, survive first-pass hepatic metabolism, achieve
adequate plasma concentrations, penetrate target tissues, not bind excessively to plasma
proteins, not be prematurely excreted, and be metabolised or eliminated safely). These
constraint sets are mostly orthogonal , a molecular configuration that optimises
antimicrobial activity frequently compromises transport properties, and vice versa.

From a Variety Dynamics perspective, the molecule is therefore not a pure antimicrobial
agent, itis a combined transport-and-attack system whose variety budget is shared across
two functions. Any molecular property committed to solving the transport problem is
unavailable for expanding antimicrobial attacking variety. The pharmacophore , the portion
of the molecule responsible for antimicrobial action, is in a sense held hostage by the



pharmacokinetic requirements imposed by the transport function. This further constrains
the already-low attacking variety that specificity requirements permit.

Commercial development compounds this. A viable antibiotic must also carry a novel,
patentable molecular structure, a constraint that further restricts the available design
space to configurations not previously claimed, regardless of whether those configurations
offer optimal variety architecture. The commercially viable antibiotic therefore emerges
from the intersection of three largely independent constraint sets: antimicrobial activity,
transport viability, and patent novelty. Each constraint set eliminates large portions of
molecular design space. The attacking variety of whatever survives this intersection is,
structurally, whatever variety remains after all three filters have been applied.

The evolutionary pre-adaptation asymmetry. The herbal protocol faces no equivalent
transport problem , and the reason is directly relevant to VD analysis. Humans have a
multi-million-year evolutionary history of consuming plant-derived chemical compounds
and alcohols. The human metabolic and transport system has been substantially shaped
by this history: absorption pathways in the gut are adapted to the lipophilicity profiles of
plant terpenes, alkaloids, and polyphenols; hepatic enzyme systems (particularly
cytochrome P450 families) exhibit significant capacity for processing botanical
metabolites; renal clearance mechanisms handle plant-derived organic acids efficiently
[20-22].

The consequence is that the transport problem for botanical therapeutic agentsis not a
problem requiring engineering , it is pre-solved by evolution. The active phytochemical
constituents of the herbal protocol are largely drawn from chemical classes that human
physiology has adapted to absorb, distribute, and process over evolutionary time. The
terpenes in juniper, the alkaloids in cryptolepis, the flavonoids in bidens, the phenols in
ginger, all are chemical relatives of compounds that have been components of the human
dietary and environmental chemical environment throughout evolutionary history.

This creates a structurally asymmetric situation. The pharmaceutical antibiotic must
engineer its transport solution from scratch for each novel synthetic molecule, consuming
a significant portion of its molecular design capacity on the transport function, and still
faces high failure rates in clinical pharmacokinetics. The botanical protocol receives its
transport solution essentially for free, as a consequence of the evolutionary relationship
between the human organism and the plant kingdom , leaving the entire phytochemical
variety of the plant available for antimicrobial function without the transport-versus-
activity trade-off that constrains pharmaceutical design.

The compounding effect. These two constraints, intentional low-variety from specificity
requirements, and further variety reduction from the transport function consuming
molecular designh space, are notindependent in practice. They compound. The
pharmaceutical antibiotic’s attacking variety is reduced first by the specificity-safety
design objective and further reduced by the portion of molecular structure committed to
transport function. The result is an attacking variety that is doubly constrained relative to
what the base chemistry might otherwise permit.



The herbal protocol escapes both constraints simultaneously: it does not pursue high
specificity as a design objective, and it faces no novel transport engineering problem. Its
attacking variety is therefore substantially unconstrained by either of the two factors that
most tightly limit pharmaceutical attacking variety. This is not to suggest that
phytochemical design is unconstrained , toxicity, concentration, stability, and
synergy/antagonism interactions all apply , but the constraints are different in character,
and several of the most binding pharmaceutical constraints simply do not apply.

VD Analysis: The Herbal Protocol’s Attacking Variety
Distribution

Variety Contributed by Each Botanical Agent

The five-component protocol generates attacking variety across multiple independent
biological mechanisms. This is not simply “more compounds” , it is a qualitatively different
variety architecture.

Cryptolepis sanguinolenta contributes the primary antimicrobial attacking variety. lts
principal alkaloid, cryptolepine, acts primarily through DNA intercalation , binding between
DNA base pairs and disrupting DNA topology and replication [23,24]. This is a structurally
distinct mechanism from fluoroquinolone-mediated gyrase inhibition, despite both
engaging DNA-related targets [25]. Additional alkaloids (neocryptolepine, biscryptolepine,
cryptoquindoline) exhibit independent antibacterial activity through partially distinct
pathways [26,27]. Studies demonstrate activity against P. aeruginosa, though results vary
significantly by extraction method and fraction with the chloroform fraction showing
strongest activity, with some fractions showing resistance, indicating that the whole-plant
or multi-fraction tincture provides broader attacking variety than isolated compounds
[19,28,29].

Ginger (Zingiber officinale) contributes attacking variety through gingerols and shogaols,
which disrupt bacterial cell membrane integrity, inhibit bacterial biofilm formation, and
interfere with quorum sensing signalling [30-41]. These mechanisms operate at the
membrane and signalling levels, independently of DNA-targeted agents. Ginger
constituents have demonstrated activity against P. aeruginosa and exhibit synergistic
effects with conventional antibiotics.

Usnea (Usnea spp.) provides a critically important variety contribution: biofilm disruption.
Usnic acid and related lichen metabolites disrupt the extracellular polymeric matrix of
bacterial biofilms, physically dismantling the structural protection that makes P.
aeruginosa highly tolerant of both antibiotics and immune responses [42-48]. This
addresses a qualitatively different defensive variety than the other agents, penetrating the
physical barrier rather than targeting cellular processes. Without biofilm disruption,
antimicrobials of any kind face dramatically reduced effectiveness; Usnea’s contribution is



therefore variety-multiplicative rather than simply additive, because it exposes previously
protected bacterial subpopulations to all other attacking agents simultaneously.

Bidens (Bidens pilosa) contributes polyacetylenes, flavonoids, and phenylpropanoids
with demonstrated antibacterial activity, including anti-quorum sensing effects and
interference with bacterial efflux pump function, directly reducing the pathogen’s ability to
expel other antimicrobial agents from the protocol [49-53]. This constitutes an anti-
resistance variety: a mechanism that degrades the pathogen’s defensive variety rather
than directly attacking cellular function.

Juniper (Juniperus spp.) contributes monoterpenes (particularly a-pinene, sabinene),
diterpenes, and flavonoids with antibacterial effects primarily at the membrane level,
including disruption of membrane potential and permeability , increasing cellular uptake of
other agents in the protocol and inhibiting efflux mechanisms [54-58].

The Variety Distribution of the Combined Protocol

The five agents in combination generate attacking variety across at least six structurally
independent biological dimensions:

DNA intercalation and topology disruption (cryptolepine and related alkaloids)
Membrane integrity disruption and permeabilisation (gingerols, terpenes)
Biofilm matrix dissolution (usnic acid and lichen metabolites)

Quorum sensing interference (ginger, bidens)

Efflux pump inhibition and anti-resistance (bidens flavonoids)

o0 k~wh =

Membrane potential disruption (juniper monoterpenes)

From a VD perspective, this represents a high-variety attacking system. Each independent
mechanism vector requires the pathogen to mount a separate defensive response. The
pathogen cannot use a single resistance mechanism to simultaneously nullify multiple
independent attacking pathways; it faces a combinatorial defensive problem.

The Biofilm Mechanism as a Structural Key

The inclusion of Usnea as a biofilm-disruption agent merits specific analytical attention. P.
aeruginosa biofilm is not merely an additive resistance mechanism; it is a variety-amplifier.
By enclosing bacterial populations in a matrix that physically excludes antimicrobials and
generates metabolically quiescent persister cells, the biofilm dramatically multiplies the
effective defensive variety of the pathogen by making all other resistance mechanisms
more potent and more redundant.

Usnea’s biofilm disruption therefore constitutes a structural leverage pointin VD terms, a
point of intervention that degrades not one defensive mechanism but the entire system
that amplifies all other mechanisms simultaneously. This is consistent with the known
clinical pattern that biofilm-forming P. aeruginosa infections are disproportionately
difficult to treat with antibiotics alone (ciprofloxacin planktonic MIC is 0.25 mg/L while the



biofilm eradicating concentration was 512 mg/L , a greater than 2,000-fold difference)
[569,60], and that biofilm disruption dramatically increases antibiotic effectiveness even
without changing the antibiotic itself [61,62].

The Core VD Structural Finding

The central Variety Dynamics insight from this case is as follows:

Antibiotic resistance is structurally a variety mismatch problem. Pathogens evolve
specifically to cancel the variety of the agents applied against them. When the attacking
variety is low and well-defined , as with individual antibiotics , the pathogen faces a
tractable evolutionary problem and can develop specific counter-variety mechanisms.
When the attacking variety is high, distributed across multiple independent biological
dimensions, and includes mechanisms that degrade the pathogen's defensive variety
architecture itself, as in the multi-agent herbal protocol, the pathogen faces an
evolutionarily intractable combinatorial problem.

This reframes antibiotic resistance not as a pharmacological arms race requiring ever-
more-potent versions of the same variety-limited attack strategy, but as a structural
problem requiring a qualitative shift in the variety architecture of therapeutic systems. The
following axioms from Love [63] ground this finding precisely.

Axiom 1 (Foundational axiom of variety and control) establishes the structural basis: in
systems where variety generation and control are unevenly distributed; those distributions
create power asymmetries and differential control over the system's structure and
evolution. The pathogen's multi-mechanism defensive variety distribution and the
antibiotic's single-mechanism attacking variety constitute exactly this asymmetry. The
power locus, control over whether the infection persists or resolves, is structurally
determined by that distribution, not by the potency of any individual agent.

Axiom 9 (Variety definition) grounds the quantitative comparison precisely: variety is the
number of different options possible to a variable. The antibiotic presents the pathogen
with one well-defined attacking option to counter; the herbal protocol presents six or more
structurally independent attacking dimensions simultaneously. This is nhot a statement
about relative potency; it is a structural statement about the size and definition of the
defensive problem each intervention presents to the pathogen.

Axiom 17 (Variety dynamics and system control) describes the interaction between the
two variety distributions as a meta-functional mapping: the control outcome, infection
resolution or persistence, is determined by the dynamic relationship between the
therapeutic system's attacking variety and the pathogen's defensive variety across time,
not by any single mechanistic event. The antibiotic's fixed, low-variety attacking
distribution maps onto a well-characterised defensive problem for the pathogen; the
herbal protocol's multi-dimensional variety distribution maps onto a poorly-characterised,
combinatorially complex defensive problem.



Axiom 18 (Control strategies to manage problematic sub-systems) specifies directly
what happens when a system contains a sub-system that can damage the whole, transfer
characteristics to other elements, operate according to its own adaptive interests, and
increase its variety in response to control attempts , and where the overall control system
is limited in control variety. The axiom identifies that outcomes in this configuration are
constrained to specific scenarios: system collapse, learning to control, enforcement to
attenuate variety, external support with power redistribution, or destruction of the errant
sub-system. Antibiotic treatment against resistant P. aeruginosa fails precisely because it
attempts variety attenuation with insufficient control variety , Axiom 18 predicts this failure
structurally. The herbal protocol shifts the scenario by substantially increasing attacking
variety across independent dimensions, changing the structural configuration from one
where Axiom 18 predicts failure to one where the pathogen faces a combinatorially
intractable defensive problem.

Axiom 35 (Transaction Costs Increase with Variety) and Axiom 36 (Exponential and
Combinatorial Transaction Cost Scaling) together explain the evolutionary stability
asymmetry that is the practical core of this finding. Developing resistance to a single-
mechanism antibiotic imposes low, well-defined evolutionary transaction costs on the
pathogen, a small number of mutations conferring complete resistance. Developing
resistance across six structurally independent attacking dimensions simultaneously
imposes transaction costs that scale combinatorially with each additional independent
dimension, not linearly. The pathogen cannot solve these simultaneously within clinically
relevant timescales. This is the structural basis for the claim that high-variety attacking
systems are evolutionarily more stable than low-variety ones, it follows directly from the
combinatorial scaling of Axiom 36, not from empirical observation alone.

Axiom 39 (Control effects and benefits from variety follow power law distributions)
identifies why specific components of the protocol, particularly biofilm disruption (usnea)
and efflux pump inhibition (bidens) , constitute leverage points disproportionate to their
individual mechanistic contribution. At any point in a complex situation, control effects
from particular varieties follow power law distributions: a small proportion of variety
interventions account for disproportionate effects on the locus of control. Biofilm
disruption exemplifies this precisely, it does not add one more attacking dimension but
simultaneously degrades the structural amplifier that multiplies the effective defensive
variety of all other pathogen resistance mechanisms, producing a power-law-
disproportionate shift in the host-pathogen variety balance.

Axiom 50 (Defining Hyper-Complex Systems) situates the entire analysis in the correct
methodological register. The host-pathogen-treatment system , with its multiple
interacting feedback loops spanning immune response dynamics, pathogen adaptive
mutation, biofilm formation and dissolution, antimicrobial concentration gradients,
microbiome interactions, and neuroimmune pathways, constitutes a hyper-complex
system. It violates the structural stability assumptions that causal pharmacological
analysis requires boundaries shift, feedback loops emerge and dissolve, and causal
architectures evolve as the infection progresses and the treatment acts. Standard



mechanistic analysis, which assumes stable causal relationships between intervention
and outcome, is therefore structurally inappropriate for this system. VD's focus on
managing the locus of control through variety distribution rather than predicting causal
outcomes is the analytically correct approach, and the variety-architecture comparison
this paper develops is the appropriate analytical product.

Implications for Addressing Antibiotic Resistant Organisms

Rethinking the Therapeutic Variety Architecture

VD analysis implies that the dominant pharmaceutical strategy, identifying single high-
affinity compounds with precise molecular targets, structurally tends towards producing
low-variety attacking systems that are evolutionarily fragile. This is not a criticism of
pharmacological rigour; it is a structural consequence of the design paradigm.

The structural insight suggests that therapeutic design should explicitly optimise for
attacking variety breadth rather than, or in addition to, compound potency and specificity.
This is not equivalent to “use combinations of antibiotics” , combining two low-variety
antibiotics still produces a low-variety system if the organisms already carry resistance
mechanisms for each. The relevant variety dimension is the number of independent
biological mechanisms under simultaneous attack, particularly mechanisms for which the
pathogen has no pre-evolved defensive counter-variety.

Phytochemical Complexity as a Natural High-Variety System

Plants that have coevolved with bacterial pathogens over evolutionary time have, through
selection pressure, generated phytochemical repertoires that constitute naturally high-
variety attacking systems. This is not coincidental, plants facing persistent bacterial
threats face the same variety problem as clinicians, and the same structural solution
applies. Multi-mechanism phytochemical defence is an evolutionary strategy resistant to
pathogen counter-adaptation precisely because it is difficult for pathogens to develop
complete resistance against [64-67].

From a VD perspective, this evolutionary logic explains why some botanicals retain activity
against organisms that have become resistant to modern antibiotics, the antibiotic-
resistant organisms evolved their resistance specifically against the low-variety attack
pathways of synthetic pharmaceuticals, not against the high-variety attack of the botanical
repertoires that predated them.

Specific Research Directions Implied by VD Analysis
VD structural analysis generates the following research directions:

Variety mapping of existing botanical antimicrobials: Systematically characterise the
number and independence of mechanistic attack pathways for botanical antimicrobial



candidates, rather than solely screening for minimum inhibitory concentrations (MIC) of
isolated compounds. MIC data does not capture variety distribution.

Biofilm disruption as structural prerequisite: Identify agents that disrupt biofilm
architecture as a first-priority component of any high-variety protocol, since biofilm
multiplies effective pathogen defensive variety. Any therapeutic system that does not
address biofilm is engaging the pathogen’s amplified defensive variety rather than its
baseline variety.

Anti-resistance variety as a distinct therapeutic category: Deliberately include agents
that degrade the pathogen’s defensive variety mechanisms (efflux pump inhibitors,
quorum sensing disruptors, membrane permeabilisers) as independent components of
therapeutic systems, rather than solely agents that directly attack cellular function.

Protocol variety architecture as a design criterion: Evaluate therapeutic combinations
for variety architecture explicitly , the number of independent mechanistic attack
dimensions, as a primary design criterion alongside potency, safety, and
pharmacokinetics.

Evolutionary stability assessment: High-variety attacking systems may impose
significantly lower selection pressure for resistance development than low-variety systems,
because no single mutation provides complete resistance. Experimental evolution studies
specifically tracking resistance emergence under high-variety botanical vs. low-variety
antibiotic regimens would test this directly.

Limitations and Analytical Caveats
Several limitations require explicit statement.

The clinical case described is a single patient report. It demonstrates proof of concept but
not clinical efficacy. Confounding factors cannot be excluded, including spontaneous
resolution, immune response dynamics, or effects of the preceding antibiotic treatment on
the pathogen population. No causal claim is warranted from a single case.

The VD analysis identifies structural reasons why a high-variety herbal protocol might
succeed where low-variety antibiotics fail but demonstrating that the specific protocol
acted through the identified mechanisms requires controlled experimental work. VD
reveals structural plausibility and research directions; it does not substitute for empirical
verification.

Literature on Cryptolepis sanguinolenta activity against P. aeruginosa is mixed. Some
studies find resistance at standard alkaloid concentrations; others find activity,
particularly from specific fractions (chloroform extraction) or whole-plant preparations
[28,29,68,69]. This is consistent with VD analysis, if the relevant property is variety breadth
rather than any single compound’s potency, then fraction-dependent results reflect the
fact that different extraction methods capture different portions of the attacking variety.



Whole tincture preparations would theoretically provide broader variety than isolated
alkaloid fractions.

Interactions between components of a multi-agent protocol introduce complexity that VD
identifies but does not resolve analytically. Some interactions will be synergistic
(multiplicative variety), some additive, and some potentially antagonistic. The specific
protocol described exhibited apparent efficacy in this case; whether this reflects optimal
variety architecture or other factors requires investigation.

Generalisation Beyond Antimicrobials

The VD structural pattern identified here , where low-variety attackers systematically fail
against high-variety defenders, and where high-variety attacking systems succeed, is not
specific to microbiology. The same structural logic applies wherever:

e A complex system with multiple, distributed, adaptive defensive mechanisms is
challenged by a single-mechanism or low-variety intervention

e The defending system has had sustained selection pressure to evolve counter-
variety against the attacking system

e The attacking system’s variety is lower than the defending system’s defensive
variety

This pattern maps onto cancer therapy (tumour heterogeneity generating resistance to
single-agent chemotherapy), cybersecurity (adversaries evolving to circumvent specific,
known defensive mechanisms), ecological pest management (pests developing resistance
to single-mechanism pesticides), and policy interventions targeting complex social
systems where actors adapt to neutralise anticipated interventions.

In each domain, VD analysis produces the same structural implication: interventions
whose variety architecture is insufficient relative to the defensive variety of the target
system will systematically fail under sustained selection pressure, regardless of initial
effectiveness.

The Human Body as the Highest-Variety Therapeutic System

A dimension of the VD analysis that extends significantly beyond the immediate
antimicrobial context is the recognition that the human body itself constitutes the highest-
variety, highest-immediacy response system available in any clinical situation. This has
substantial implications for how therapeutic interventions should be conceptualised.

The Body’s Variety Architecture

The human immune and physiological response system exhibits variety properties that no
external therapeutic agent can match in either breadth or temporal resolution. The innate
immune system alone generates variety across pattern recognition (toll-like receptors,



NOD-like receptors, C-type lectins), inflammatory signalling (cytokine and chemokine
cascades with hundreds of interacting mediators), phagocytic mechanisms (neutrophil,
macrophage, dendritic cell populations with distinct functional variety), complement
cascade activation (three independent pathways converging on pathogen destruction),
and physical barrier responses (mucosal production, epithelial tight junction regulation).
The adaptive immune system adds antigen-specific variety of effectively astronomical
scale, the theoretical diversity of the T-cell receptor and antibody repertoires exceeds 10"
distinct specificities. The TCR repertoire alone has a theoretical potential of 10'°-10%°
clonotypes, with antibody diversity adding further orders of magnitude via somatic
hypermutation [70-76].

Critically, from Axiom 46’s perspective, the body’s variety is also high-immediacy: immune
responses begin within minutes of pathogen detection, and the system continuously
updates its variety deployment based on real-time feedback from the infection site. No
external pharmacological agent, however well designed, can match this temporal
resolution of variety adjustment.

The body’s response variety is also inherently multi-dimensional: it attacks pathogens
simultaneously through oxidative burst, enzymatic degradation, membrane disruption,
nutrient sequestration (iron, zinc), pH modulation, and temperature elevation , a natural
high-variety attacking system that pathogens have co-evolved to partially evade, but which
imposes combinatorial resistance costs in exactly the manner Axioms 35 and 36 describe.

External Therapeutics as Variety Supplements, Not Variety Replacements

This framing suggests a reorientation of therapeutic philosophy. The dominant
pharmaceutical paradigm treats the body as a passive site of infection and the drug as the
active therapeutic agent. VD analysis inverts this: the body is the primary high-variety
therapeutic actor, and external agents , pharmaceutical or botanical, are variety
supplements that either extend the body’s existing variety, remove obstacles to its
expression, or address specific variety deficits that the body cannot self-resolve in the
available time window.

From this perspective, the most effective therapeutic approach is not necessarily the
agent with the highest intrinsic antimicrobial activity, but the intervention that most
effectively mobilises and amplifies the body’s own variety in ways specific to the
pathogen’s defensive architecture.

This is consistent with what actually occurred in the case described. The herbal protocol
almost certainly did not achieve bacterial elimination through phytochemical activity alone.
More probably, it achieved sufficient attenuation of the pathogen’s defensive variety
particularly through biofilm disruption and efflux pump inhibition , to allow the host
immune system’s high-variety response to complete elimination. The protocol’s role may
have been less to kill the bacterium directly than to reduce its defensive variety sufficiently
that the body’s variety exceeded it.



Implications for a Variety-Oriented Therapeutic Framework

Applying Axiom 4 (Subsystem Variety Change and Power Transfer), when a subsystem (e.g.
a herbal protocol) increases its variety to accommodate the variety shortfall in another
control system (the immune response facing biofilm-protected P. aeruginosa), control is
transferred toward the accommodating subsystem. In therapeutic terms: an intervention
that restores the body’s variety advantage over the pathogen achieves control transfer
back to the host system, where the body’s superior variety can then complete the
therapeutic task.

This suggests a suite of interventions directed specifically at restoring host variety
advantage rather than replacing host variety with pharmaceutical activity:

Variety-enhancing immunomodulators that amplify specific components of the immune
response relevant to the pathogen’s vulnerability profile , distinct from broad
immunostimulants, these would be targeted to address specific variety deficits revealed
by VD analysis of the pathogen’s defensive architecture.

Variety-obstacle removers, agents like Usnea in this case , whose primary therapeutic
contribution is not direct antimicrobial activity but removal of structural barriers (biofilm,
quorum sensing coordination) that prevent the host’s variety from reaching the pathogen
population.

Variety-window extenders , interventions that slow the pathogen’s adaptive variety
generation (efflux pump inhibitors, mutation-rate reducers) without directly attacking it,
giving the host’s high-variety immune response additional time to locate and exploit the
pathogen’s variety vulnerabilities.

Microbiome variety preservation, recognising that the gut and urinary microbiome
constitute a component of the host’s defensive variety, and that their disruption by broad-
spectrum antibiotics reduces total host defensive variety. This reframes microbiome
disruption from a side-effect to a variety cost that may be therapeutically decisive.

A Variety-Theoretic Taxonomy of Therapeutic Interventions

The antimicrobial case examined in this paper is a specific instance of a broader structural
question: what are the distinct mechanisms by which therapeutic interventions can shift
the variety relationship between a host system and a pathological process? VD analysis
generates a taxonomy that is significantly more structurally differentiated than
conventional clinical categories (pharmaceutical, surgical, physical, psychological),
because it classifies interventions by their variety-architecture function rather than their
physical modality.

Type A, High-variety attack: The attacking system generates variety that exceeds the
defender’s defensive variety across multiple independent dimensions simultaneously. The
multi-component herbal protocol exemplifies this type. The therapeutic logic is variety



overwhelm: the target cannot mount adequate counter-variety across all dimensions
concurrently.

Type B, Disturbance variety attenuation: The intervention reduces the variety of
demands and disturbances reaching the host’s repair system, allowing the host’s existing
variety to be sufficient for recovery. Physical interventions dominate this type. A plaster
cast does not treat a fracture , it attenuates the mechanical variety (forces, torques,
movements) that would otherwise prevent the bone’s intrinsic repair variety from operating
effectively. Sutures attenuate wound-edge displacement variety. Bed rest attenuates
metabolic and mechanical demand variety. A cold compress attenuates inflammatory
cascade variety at the application site. Wound closure after surgery attenuates pathogen-
entry variety and desiccation variety simultaneously.

This is a structurally distinct therapeutic mechanism from anything in Type A. The
intervention is not generating attacking variety against a pathogen , itis reducing
environmental variety to create conditions in which the host’s existing, high-variety repair
mechanisms can operate. The therapeutic logic is variety-condition provision, not variety-
superiority.

Type B interventions have low intrinsic variety themselves , the cast, the suture, the
bandage, and are often clinically undervalued for that reason. From a conventional
pharmacological perspective, they appear passive. VD reveals that their low variety is not a
limitation but their operative mechanism: they are specifically designed to be low-variety
disturbance reducers, and their therapeutic power lies entirely in what they allow the
host’s high-variety system to accomplish in their absence of interference.

Type C, Host variety mobilisation: Interventions that directly amplify the host’s own
variety rather than attacking the pathogen or reducing disturbance. Immunomodulatory
agents, fever-supporting protocols (allowing the host’s thermogenic variety to operate
rather than suppressing it pharmacologically), nutritional interventions that restore
substrate availability forimmune variety generation, and sleep protocols that restore the
neuroimmune variety generated during slow-wave sleep all exemplify this type.

Type C includes a substantial category currently undercharacterised in clinical practice:
interventions that restore variety that has been iatrogenically reduced. Broad-spectrum
antibiotics reduce microbiome variety (Type C cost). Corticosteroids reduce inflammatory
variety. NSAIDs suppress prostaglandin variety. Each represents a variety cost to the host
system that may in some contexts exceed the variety benefit of the intervention against the
pathogen. VD makes this cost visible and quantifiable in structural terms.

Type D, Variety obstacle removal: Interventions targeting structures that amplify the
pathogen’s defensive variety rather than attacking the pathogen directly. Biofilm disruption
(usnea) is the clearest example from this case; it removes the structural amplifier that
multiplies the effective defensive variety of all other resistance mechanisms. Debridement
of infected wounds, removal of foreign bodies (infected catheters, prosthetic joint
components), and surgical drainage of abscesses all function as Type D interventions: they



remove the variety-amplifying environment that makes the pathogen population’s
defensive variety structurally superior to the host’s attacking variety. The therapeutic act is
variety-architecture destruction rather than variety-contest.

Type E , Mental and emotional variety as therapeutic input: The neuroimmune system
constitutes a direct pathway through which mental and emotional state varieties modulate
the host’s physiological variety. This is not metaphorical. Chronic psychological stress
elevates cortisol, which systematically suppresses NK cell activity, reduces T-cell
proliferative variety, impairs neutrophil oxidative burst capacity, and shifts cytokine
profiles away from pro-inflammatory (pathogen-clearing) toward anti-inflammatory
patterns [77,78]. The host’s immune variety is structurally reduced by sustained negative
psychological state.

Conversely, psychological interventions that reduce stress variety , relaxation protocols,
social support, perceived control restoration, meaning-making processes, reduce
cortisol-mediated variety suppression and restore immune variety to baseline or above.
From a VD perspective these are not adjunctive or supportive , they are direct inputs to the
host’s primary variety system. The clinical evidence base for psychoneuroimmunological
effects on infection outcomes, wound healing rates, and surgical recovery times is
substantial [78-80], but is rarely framed in variety-architecture terms that would allow it to
be integrated systematically into treatment design.

The VD structural insight is that negative emotional states constitute a variety tax on the
host system , they consume variety-management capacity that would otherwise be
available for pathogen response. Positive psychological states, perceived agency, and
social connection function as variety supplements to the host system through the same
neuroimmune pathways, operating in parallel with any external pharmacological or
botanical intervention.

Type F, Developmental and context variety: The host’s baseline variety capacity is not
fixed , it varies substantially across developmental stage, nutritional status, sleep
architecture, social integration, and accumulated life experience. A well-nourished, well-
rested, socially connected host operating in a low-chronic-stress environment brings a
systematically higher variety capacity to any therapeutic challenge than the same
individual in a depleted state.

This dimension is largely invisible to conventional clinical assessment, which evaluates
baseline physiological parameters (blood pressure, temperature, inflammatory markers)
but does not characterise the host’s variety architecture , the full distribution of
physiological, neuroimmune, and psychosocial resources available for response. VD
suggests that characterising this architecture is clinically important, because interventions
that are adequate variety supplements for a high-baseline-variety host may be insufficient
for a depleted host whose baseline variety is already compromised.

The practical implication is that therapeutic protocol design should assess host variety
baseline as a primary variable, not merely as a background condition. A patient with high



chronic stress, poor sleep, social isolation, and nutritional depletion is not simply “at
higher risk” in some vague epidemiological sense, they are presenting with a
systematically reduced variety architecture that changes the structural requirements of
any therapeutic intervention designed to shift the host-pathogen variety balance.

Interaction Between Intervention Types

These intervention types are not independent; they interact in ways that are structurally
significant from a VD perspective. Type B (disturbance attenuation) interventions increase
the effective leverage of Type C (host variety mobilisation) interventions by reducing the
variety load the host must manage, freeing variety capacity for pathogen response. Type D
(variety obstacle removal) interventions multiply the effectiveness of Type A (high-variety
attack) interventions by exposing previously protected pathogen populations. Type E
(mental/emotional variety) interventions modulate the available variety for Type C
functions through neuroimmune pathways.

The combinatorial logic of Axioms 35 and 36 applies here too: a protocol that combines
multiple intervention types, attenuating disturbance variety, mobilising host variety,
removing variety obstacles, and applying high-variety external attack , imposes a
combinatorially greater challenge on the pathogen’s defensive variety than any single type
alone. The interaction is not additive but multiplicative in variety terms, because each type
addresses a structurally independent dimension of the host-pathogen variety relationship.

This has a direct implication for how therapeutic protocols should be designed and
evaluated. Conventional clinical trials isolate single interventions to establish individual
efficacy. A VD-informed trial would evaluate variety-type combinations as the experimental
unit, because the therapeutic property of interest , the combined variety architecture
relative to the pathogen’s defensive variety, is a property of the combination, not of any
component.

Variety Dynamics as a Desigh Methodology for New Multi-
Mechanism Interventions

From Analysis to Design

The VD analysis of this case does more than explain a retrospective outcome, it provides a
positive design methodology for developing new interventions against antibiotic-resistant
organisms. This is a qualitatively different contribution from conventional pharmacological
analysis, which generates hypotheses about individual compounds but lacks a framework
for reasoning about the variety architecture of multi-component systems.

VD offers a structured design sequence:

Step 1, Enumerate the pathogen’s defensive variety distribution. Map the full set of
resistance mechanisms available to the target organism, including intrinsic structural



barriers, enzymatic defences, efflux systems, adaptive mutation pathways, biofilm
mechanisms, and signalling-based adaptive responses. This is equivalent to establishing
the defensive variety set that the therapeutic system must exceed.

Step 2, Identify variety amplifiers within the defensive set. Apply Axiom 39’s power law
logic to locate the small number of defensive mechanisms that disproportionately amplify
all other mechanisms. Biofilm is the clearest example for P. aeruginosa: its disruption
simultaneously reduces the effective variety of all other resistance mechanisms. These are
the highest-leverage intervention targets.

Step 3, Map candidate botanical agents to attacking variety dimensions. For each
independent defensive variety dimension identified, search for botanical agents whose
phytochemical variety attacks that specific dimension while remaining structurally
independent of other attacking dimensions. Independence is the critical criterion , two
agents that both attack the same mechanism contribute less combined variety than two
agents attacking different mechanisms.

Step 4, Include anti-resistance variety explicitly. Identify agents that specifically
degrade the pathogen’s defensive variety rather than adding to attacking variety directly.
Efflux pump inhibitors (bidens), membrane permeabilisers (juniper), and quorum sensing
disruptors (ginger) function in this category. These are distinct from direct antimicrobials
and must be evaluated separately.

Step 5, Assess transport pre-adaptation. Verify that the candidate botanical agents fall
within chemical classes for which human metabolic pre-adaptation provides efficient
delivery. Agents requiring novel transport engineering reintroduce the pharmaceutical
variety-budget problem.

Step 6, Evaluate the combined variety architecture against Axioms 35 and 36. The
question is not whether each component is effective individually, but whether the
combined attacking variety imposes combinatorially scaling resistance costs on the
pathogen that exceed its evolutionary capacity to respond within the treatment window.

Variety Dynamics Guided Screening Criteria for Botanical Antimicrobials

Current botanical antimicrobial screening relies overwhelmingly on minimum inhibitory
concentration (MIC) assays of isolated compounds. From a VD perspective, MIC data is
largely irrelevant to variety architecture , it measures the potency of a single compound
against a planktonic bacterial culture, which systematically excludes biofilm, efflux pump
dynamics, and the variety-breadth contribution of whole-plant extracts.

VD analysis implies a different set of primary screening criteria:

Mechanism independence: does this agent’s antimicrobial activity operate through a
pathway that is structurally independent of the other agents in the protocol? Independent
mechanisms contribute multiplicative variety; redundant mechanisms contribute little.



Variety dimensionality: how many distinct biological processes does this agent affect in
the target organism? Multi-target agents (like cryptolepine, which affects DNA topology,
membrane integrity, and protein synthesis) contribute more variety per agent than single-
target agents.

Anti-resistance specificity: does this agent degrade specific components of the
pathogen’s defensive variety, and if so, which components? Agents targeting variety
amplifiers (biofilm matrix, efflux pump expression, quorum sensing) have disproportionate
leverage per Axiom 39.

Synergistic variety potential: does this agent increase the effectiveness of other agents in
the system by improving their delivery (membrane permeabilisers), reducing their
expulsion (efflux inhibitors), or exposing previously protected populations (biofilm
disruptors)?

Host variety compatibility: is this agent’s mechanism of action compatible with, or
actively supportive of , the host’s immune variety? Agents that suppress host immune
variety while attacking the pathogen impose a variety cost that may offset their
antimicrobial contribution.

Variety Dynamics as a Framework for Innovation in
Pharmaco-Herbal-Physical Epidemiology

A New Analytical Layer for Epidemiological Research

Variety Dynamics offers epidemiology and clinical pharmacology something they currently
lack: a structural framework for reasoning about why interventions succeed or fail at the
variety architecture level, independently of the specific biochemical mechanisms involved.
This is particularly valuable for complex, multi-factorial interventions , combination
therapies, population-level prophylaxis, infection control protocols , where the interaction
between multiple components cannot be adequately captured by single-compound
pharmacokinetic models.

The current AMR crisis exemplifies what happens when a field optimises exclusively within
a paradigm (single-compound pharmaceutical development) without a framework to
recognise that the paradigm’s fundamental variety architecture is the source of the
problem. VD provides exactly that framework, and its application generates several
specific innovation directions.

Rethinking Clinical Trial Design for Multi-Component Interventions

Current clinical trial methodology, built around single-compound pharmaceutical
interventions, is poorly suited to evaluating high-variety multi-component protocols. The
standard approach, vary one component at a time against a controlled background ,



systematically fails to capture variety-architecture effects, because the key therapeutic
property (variety breadth across independent mechanisms) is a property of the system as a
whole, not of any individual component.

VD implies a different trial design logic: evaluate variety configurations rather than
individual agents. The relevant experimental unit is a combination whose attacking variety
architecture is characterised and deliberately varied , increasing variety breadth, removing
specific variety dimensions, adding variety-amplifier disruption , and whose outcomes are
compared against variety-architecture metrics rather than solely microbiological
outcomes.

This reframes the standard objection to herbal combination research (“we can’t know
which component is responsible”) as a category error. From a VD perspective, asking
which single component is responsible is precisely the wrong question. The therapeutic
property is the variety architecture, which is irreducibly a property of the combination.

Infection Control and Prevention: Variety Architecture of Prophylaxis

VD analysis applies equally to infection prevention as to treatment. Hospital infection
control protocols against P. aeruginosa and other ESKAPE pathogens focus primarily on
physical barrier measures (catheter care, hand hygiene, surface disinfection) and
antibiotic stewardship. These are low-variety approaches to a high-variety pathogen, and
VD predicts they will remain inadequate unless their variety architecture is explicitly
assessed and expanded.

VD-guided infection control would assess the total variety of control mechanisms being
applied to the pathogen population, physical barriers, disinfectant mechanisms,
environmental conditions, host immune competency, microbiome diversity , and identify
variety deficits that create structural vulnerabilities. For catheter-associated infections
specifically, biofilm formation on catheter surfaces is the primary variety amplifier, and its
management (anti-biofilm catheter coatings, scheduled disruption protocols,
microbiome-supportive interventions) is structurally more important than the choice of
topical antibiotic.

Guiding Theoretical Innovation: VD Hypotheses for the Field

VD generates testable theoretical hypotheses for antimicrobial research that are not
generated by conventional pharmacological frameworks:

The evolutionary stability hypothesis: multi-mechanism botanical protocols impose
combinatorially scaling resistance costs on target organisms (Axioms 35-36). Therefore,
organisms repeatedly exposed to high-variety botanical protocols should show
significantly slower resistance evolution than organisms exposed to equivalent-duration
single-mechanism antibiotic treatment. This is directly testable through experimental
evolution studies.



The variety-threshold hypothesis: there exists a minimum attacking variety
dimensionality below which complete resistance emerges rapidly, and above which
resistance emergence is delayed by orders of magnitude. Identifying this threshold for
specific pathogens would provide a design criterion for clinically robust protocols.

The host variety amplification hypothesis: interventions that primarily remove obstacles
to host immune variety (biofilm disruption, efflux pump inhibition, quorum sensing
disruption) may achieve superior outcomes to interventions of equivalent direct
antimicrobial potency, because they mobilise the body’s intrinsically higher variety rather
than replacing it. This is testable by comparing outcomes of direct-antimicrobial versus
variety-obstacle-removal approaches against matched pathogen populations.

The microbiome variety hypothesis: the diversity of the host microbiome constitutes a
component of total host defensive variety. Therapeutic protocols that preserve
microbiome variety should therefore show superior long-term outcomes to those that
reduce it, independently of their direct antimicrobial effects. This provides a VD-grounded
rationale for microbiome-preserving treatment design.

The Broader Contribution

The significance of VD analysis in this domain extends beyond generating specific research
directions. It provides a common structural language for reasoning about interventions
across what are currently separated disciplines , pharmaceutical pharmacology, botanical
medicine, immunology, infection control, and microbiome science , by grounding all of
them in the same variety-architecture framework.

A clinician selecting between a pharmaceutical and a botanical approach, an
epidemiologist designing prophylaxis protocols, a researcher screening antimicrobial
candidates, and a health system analyst evaluating AMR policy are currently working in
frameworks that cannot readily communicate with each other about the structural
properties of their respective interventions. VD provides the analytical bridge: every
intervention in every domain can be characterised by its variety architecture relative to the
defensive variety of the target pathogen and compared on that basis.

This is not to suggest that VD replaces domain expertise , the biological specifics of each
interaction still require specialised knowledge. But it provides the structural layer above
domain specifics that is currently missing, and without which the field cannot reason
coherently about why some intervention architectures work and others fail, or how to
design systematically better ones.

Summary of Key Findings

Variety Dynamics analysis of the observed clinical case and supporting literature
generates the following findings:



P. aeruginosa constitutes a high-variety defensive actor. Its resistance architecture spans
multiple independent mechanisms , membrane permeability, enzymatic antibiotic
degradation, active efflux, biofilm formation, and adaptive mutation, distributed and
partially redundant. This distribution makes it structurally robust against low-variety
challenge.

Conventional antibiotics including ciprofloxacin constitute low-variety attacking systems.
Each operates through one or few primary mechanisms. Critically, this low variety is not
incidental but deliberately designed in , high specificity is the central pharmaceutical
safety objective, achieved by minimising mechanism breadth. From a VD perspective, this
simultaneously minimises the counter-variety the pathogen must generate to achieve
complete resistance. The pathogen faces a single-variable problem with a well-defined
solution space. Resistance failure is structurally predictable from variety mismatch alone,
and that mismatch is an inherent consequence of the design logic itself.

A further variety constraint compounds this: pharmaceutical antibiotics function as
combined transport-and-attack systems. A significant portion of the molecule’s design
capacity must be committed to pharmacokinetic requirements , absorption, tissue
penetration, metabolic stability, elimination, leaving less of the molecular structure
available for antimicrobial attacking variety. The herbal protocol escapes both constraints:
it does not target specificity as a design objective, and its transport problem is pre-solved
by the long evolutionary co-adaptation of human metabolism to plant-derived chemical
classes. Its attacking variety is doubly unconstrained relative to pharmaceutical
alternatives.

The multi-agent herbal protocol constitutes a high-variety attacking system. Components
contribute independent attacking variety across at least six distinct biological dimensions
simultaneously. The inclusion of usnea as a biofilm-disruption agent addresses the
pathogen’s variety-amplification architecture, reducing its effective defensive variety
before other attacking agents engage. Bidens components potentially further degrade
defensive variety by inhibiting efflux mechanisms.

The combination creates an evolutionarily intractable combinatorial problem for the
pathogen , to develop complete resistance would require simultaneously acquiring or
expressing effective counter-variety across all attacked dimensions. The evolutionary
stability of this approach is structurally greater than that of single-mechanism antibiotics.

VD analysis therefore supports the hypothesis that multi-mechanism botanical protocols
represent not merely an alternative to antibiotics but a qualitatively different variety
architecture that may remain effective against organisms that have evolved resistance to
conventional pharmaceutical attack. This warrants systematic investigation.



Variety Dynamics Axioms Referenced

The following axioms from Love [63] apply directly to the analysis presented. All axiom
citations refer to: Love, T. (2025). Variety Dynamics: Formal Statements of Axioms 1-50.
Love Services Pty Ltd.

Axiom 1 (Foundational axiom of variety and control) underlies the entire analysis:
uneven distributions of generated and controlling variety create structural power
asymmetries. The pathogen’s distributed, high-variety defensive architecture and the
antibiotic’s low attacking variety constitute precisely such an asymmetry, structurally
determining the power locus in favour of the pathogen.

Axiom 4 (Subsystem Variety Change and Power Transfer) applies to the therapeutic
relationship between external interventions and host variety. When an external subsystem
(herbal protocol, physical intervention, psychological support) increases its variety to
accommodate variety shortfalls in the host’s control system, control is transferred toward
the accommodating subsystem. Conversely, interventions that restore the host’s own
variety (by removing obstacles, reducing disturbance load, or supporting neuroimmune
function) transfer control back to the host’s high-variety system. The therapeutic goal, in
VD terms, is always to establish conditions under which the host’s intrinsically superior
variety can dominate the pathogen’s defensive variety.

Axiom 7 (Variety Generation and Control Mechanisms) applies to the pathogen’s
adaptive resistance: when variety emerges in a system, control mechanisms that constrain
it may be pre-existing or develop in response. The pathogen’s pre-existing resistance
mechanisms , efflux pumps, B-lactamases, porin reduction , represent exactly this: control
variety that was already present or readily activated against the antibiotic’s attacking
variety.

Axiom 8 (Systems Incapable of Variety Generation) applies inversely to the antibiotic. A
pharmaceutical agent fixed in molecular structure is incapable of generating new variety in
response to the pathogen’s adaptive counter-variety. The herbal protocol, comprising
multiple agents with overlapping and synergistic phytochemical variety, maintains a
broader effective variety even as the pathogen mounts specific responses.

Axiom 9 (Variety definition) grounds the quantitative logic: variety is the number of
different options possible to a variable. The antibiotic’s attacking variety is structurally
small (one primary mechanism); the herbal protocol’s attacking variety is structurally large
(six or more independent biological dimensions). This is not a pharmacological
comparison; itis a structural one.

Axiom 17 (Variety dynamics and system control) describes the meta-functional
relationship between the attacking and defending variety distributions. The interaction
between the therapeutic system and the pathogen is not a simple input-output
relationship but a dynamic mapping between two variety distributions, where the control
outcome depends on the relative variety of the competing systems across time.



Axiom 18 (Control strategies to manage problematic sub-systems) directly maps onto
the clinical situation. P. aeruginosa is precisely the sub-system described: capable of
damaging the whole system, transferring characteristics (resistance genes) to other
elements, operating according to its own adaptive interests, and increasing variety in
response to control attempts. The axiom specifies that where the overall control system is
limited in control variety, outcomes are constrained to specific scenarios. In this case, the
antibiotic’s control variety limitation produces exactly the scenario Axiom 18 predicts: the
control system (antibiotic) fails to attenuate the problematic sub-system’s variety, and the
infection persists.

Axiom 19 (Service systems variety and design) applies to the therapeutic relationship as
a service interaction. Effective therapeutic service requires that the total variety of the
therapeutic system (S,: the combined protocol including all intervention types) exceeds
the total variety of the recipient system’s challenge (S,: the pathogen’s defensive variety
plus all factors reducing host variety). This axiom makes explicit that therapeutic
inadequacy is a structural variety deficitin S;, not merely an absence of the right
compound.

Axiom 28 (All Variety and Variety Dynamics Depends on a Physical Substrate) grounds
the mental, emotional, and developmental variety dimensions in physical reality. The
neuroimmune pathways through which psychological state modulates immune variety are
physically instantiated , cortisolis a molecule, NK cell suppression is a cellular event,
cytokine profiles are protein distributions. Mental and emotional states are not non-
physical additions to the therapeutic system; they are variety inputs operating through
physical substrates (neuroendocrine and autonomic nervous system pathways) that are as
structurally real as pharmaceutical inputs.

Axiom 35 (Transaction Costs Increase with Variety) and Axiom 36 (Exponential and
Combinatorial Transaction Cost Scaling) explain the evolutionary stability asymmetry
between low-variety and high-variety attacking systems. For the pathogen to develop
resistance to a single-mechanism antibiotic, the transaction cost (in evolutionary terms:
mutations required, fitness costs incurred) is low and well-defined. For the pathogen to
develop resistance across six independent attacking dimensions simultaneously, the
transaction costs scale combinatorially , exponentially with each additional independent
mechanism , making complete resistance evolutionarily prohibitive within clinically
relevant timescales. The same logic applies to multi-type intervention protocols: a
pathogen facing simultaneous high-variety chemical attack, host immune mobilisation,
biofilm obstacle removal, and disturbance attenuation faces combinatorially greater
evolutionary transaction costs than one facing any single intervention type.

Axiom 39 (Control effects and benefits from variety follow power law distribution)
identifies why the biofilm disruption mechanism (usnea) and the efflux pump inhibition
mechanism (bidens) function as leverage points disproportionate to their individual
contributions. Power law distributions within variety sets mean that a small number of
variety interventions account for disproportionate shifts in the overall control locus,



precisely what biofilm dissolution achieves by simultaneously exposing the pathogen’s
entire protected population to all other attacking agents. The same power law logic applies
across intervention types: certain psychological or physical interventions may achieve
disproportionate host variety restoration relative to their apparent clinical complexity.

Axiom 46 (Locus of Controlis Shaped by Time to Change Variety Distributions) applies
to the temporal dimension of the treatment comparison. The pathogen can rapidly deploy
pre-existing resistance mechanisms against the antibiotic’s fixed attacking variety; the
herbal protocol’s multi-dimensional variety may exceed the pathogen’s capacity to mount
timely counter-variety across all dimensions within the treatment window. Time-to-access
of variety is as significant as the variety itself. This axiom also applies to the developmental
dimension of host variety: a host whose variety has been depleted by chronic stress, poor
nutrition, or social isolation cannot rapidly restore that variety within a single treatment
episode, its variety-access time is long relative to the clinical window.

Axiom 50 (Defining Hyper-Complex Systems) situates the entire analysis: the host-
pathogen-treatment system, with its multiple interacting feedback loops (immune
response, pathogen adaptive mutation, biofilm dynamics, treatment concentration
gradients, microbiome interactions, neuroimmune pathways, social and environmental
context), constitutes a hyper-complex system that violates the structural stability
assumptions required for standard causal pharmacological analysis. VD’s focus on
managing the locus of control rather than predicting causal outcomes is therefore the
appropriate analytical mode , which is precisely what the variety architecture comparison
across all intervention types provides.

References

1. WHO Bacterial Priority Pathogens List 2024: Bacterial Pathogens of Public Health
Importance, to Guide Research, Development, and Strategies to Prevent and Control
Antimicrobial Resistance; 1st ed.; World Health Organization: Geneva, 2024; ISBN 978-
92-4-009346-1.

2. Morales, D.; Pacurariu, A.; Slattery, J.; Pinheiro, L.; McGettigan, P.; Kurz, X. Association
Between Peripheral Neuropathy and Exposure to Oral Fluoroguinolone or Amoxicillin-
Clavulanate Therapy. JAMA Neurol 2019, 76, 827, doi:10.1001/jamaneurol.2019.0887.

3. FDAFDA Drug Safety Communication: FDA Updates Warnings for Oral and Injectable
Fluoroquinolone Antibiotics Due to Disabling Side Effects 2016.

4. Etminan, M.; Brophy, J.M.; Samii, A. Oral Fluoroquinolone Use and Risk of Peripheral
Neuropathy: A Pharmacoepidemiologic Study. Neurology 2014, 83, 1261-1263,
doi:10.1212/WNL.0000000000000846.

5. Rusu, A.; Munteanu, A.-C.; Arbanasi, E.-M.; Uivarosi, V. Overview of Side-Effects of
Antibacterial Fluoroquinolones: New Drugs versus Old Drugs, a Step Forward in the
Safety Profile? Pharmaceutics 2023, 15, 804, doi:10.3390/pharmaceutics15030804.

6. Elfadadny, A.; Ragab, R.F.; AlHarbi, M.; Badshah, F.; Ibanez-Arancibia, E.; Farag, A.;
Hendawy, A.O.; De Los Rios-Escalante, P.R.; Aboubakr, M.; Zakai, S.A.; et al.



10.

11.

12.

13.

14.

15.

16.

17.

Antimicrobial Resistance of Pseudomonas Aeruginosa: Navigating Clinical Impacts,
Current Resistance Trends, and Innovations in Breaking Therapies. Front. Microbiol.
2024, 15, 1374466, doi:10.3389/fmicb.2024.1374466.

Langendonk, R.F.; Neill, D.R.; Fothergill, J.L. The Building Blocks of Antimicrobial
Resistance in Pseudomonas Aeruginosa: Implications for Current Resistance-Breaking
Therapies. Front. Cell. Infect. Microbiol. 2021, 11, 665759,
doi:10.3389/fcimb.2021.665759.

Verdial, C.; Serrano, |.; Tavares, L.; Gil, S.; Oliveira, M. Mechanisms of Antibiotic and
Biocide Resistance That Contribute to Pseudomonas Aeruginosa Persistence in the
Hospital Environment. Biomedicines 2023, 11, 1221,
doi:10.3390/biomedicines11041221.

El Zowalaty, M.E.; Al Thani, A.A.; Webster, T.J.; El Zowalaty, A.E.; Schweizer, H.P.;
Nasrallah, G.K.; Marei, H.E.; Ashour, H.M. Pseudomonas Aeruginosa : Arsenal of
Resistance Mechanisms, Decades of Changing Resistance Profiles, and Future
Antimicrobial Therapies. Future Microbiol. 2015, 10, 1683-1706,
doi:10.2217/fmb.15.48.

Moradali, M.F.; Ghods, S.; Rehm, B.H.A. Pseudomonas Aeruginosa Lifestyle: A
Paradigm for Adaptation, Survival, and Persistence. Front. Cell. Infect. Microbiol. 2017,
7, d0i:10.3389/fcimb.2017.00039.

Poole, K. Pseudomonas Aeruginosa: Resistance to the Max. Front. Microbio. 2011, 2,
doi:10.3389/fmicb.2011.00065.

Moursi, S.A.; Saleem, M.; Alharbi, M.S.; Rakha, E.; Alshammari, A.; Aboras, R.; Hossain,
A.; Alshubrumi, S.; Alnazha, K.; Alkhateeb, A.; et al. Resistance Patterns and Virulence
Factors of Pseudomonas Aeruginosa in Hospitalized Patients: A Saudi Arabian Study.
Sci Rep 2025, 15, 38118, doi:10.1038/s41598-025-18388-x.

Zlamal, J.E.; Leyn, S.A.; lyer, M.; Elane, M.L.; Wong, N.A.; Wamsley, J.W.; Vercruysse,
M.; Garcia-Alcalde, F.; Osterman, A.L. Shared and Unique Evolutionary Trajectories to
Ciprofloxacin Resistance in Gram-Negative Bacterial Pathogens. mBio 2021, 12,
e00987-21, doi:10.1128/mBi0.00987-21.

Montero, M.M.; Domene-Ochoa, S.; Lépez-Causapé, C.; Luque, S.; Sorli, L.; Campillo,
N.; Padilla, E.; Prim, N.; Ferrer-Alapont, L.; Angulo-Brunet, A.; et al. Impact of
Ceftolozane/Tazobactam Concentrations in Continuous Infusion against Extensively
Drug-Resistant Pseudomonas Aeruginosa Isolates in a Hollow-Fiber Infection Model.
Sci Rep 2021, 11, 22178, d0i:10.1038/s41598-021-01784-4.

Rodrigues, C.F.; Silva, F. The Rise, Fall, and Rethink of (Fluoro)Quinolones: A Quick
Rundown. Pathogens 2025, 14, 525, do0i:10.3390/pathogens14060525.

Sodhi, K.K.; Singh, D.K. Insight into the Fluoroquinolone Resistance, Sources,
Ecotoxicity, and Degradation with Special Emphasis on Ciprofloxacin. Journal of Water
Process Engineering 2021, 43, 102218, d0i:10.1016/j.jwpe.2021.102218.

Shariati, A.; Arshadi, M.; Khosrojerdi, M.A.; Abedinzadeh, M.; Ganjalishahi, M.; Maleki,
A.; Heidary, M.; Khoshnood, S. The Resistance Mechanisms of Bacteria against
Ciprofloxacin and New Approaches for Enhancing the Efficacy of This Antibiotic. Front.
Public Health 2022, 10, 10256383, d0i:10.3389/fpubh.2022.1025633.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Croce, N.; Pitaro, M.; Gallo, V.; Antonini, G. Toxicity of Usnic Acid: A Narrative Review.
Journal of Toxicology 2022, 2022, 1-12, d0i:10.1155/2022/8244340.

Osafo, N.; Mensah, K.B.; Yeboah, O.K. Phytochemical and Pharmacological Review of
Cryptolepis Sanguinolenta (Lindl.) Schlechter. Advances in Pharmacological Sciences
2017, 2017, 1-13, doi:10.1155/2017/3026370.

Scalbert, A.; Morand, C.; Manach, C.; Rémésy, C. Absorption and Metabolism of
Polyphenols in the Gut and Impact on Health. Biomedicine & Pharmacotherapy 2002,
56, 276-282, doi:10.1016/S0753-3322(02)00205-6.

Woll, S.; Kim, S.H.; Greten, H.J.; Efferth, T. Animal Plant Warfare and Secondary
Metabolite Evolution. Nat. Prod. Bioprospect. 2013, 3, 1-7, doi:10.1007/s13659-013-
0004-0.

Gonzalez, F.J.; Nebert, D.W. Evolution of the P450 Gene Superfamily: Trends in
Genetics 1990, 6, 182-186, doi:10.1016/0168-9525(90)90174-5.

Guittat, L.; Alberti, P.; Rosu, F.; Van Miert, S.; Thetiot, E.; Pieters, L.; Gabelica, V.; De
Pauw, E.; Ottaviani, A.; Riou, J.-F.; et al. Interactions of Cryptolepine and
Neocryptolepine with Unusual DNA Structures. Biochimie 2003, 85, 535-547,
doi:10.1016/S0300-9084(03)00035-X.

Bonjean, K.; De Pauw-Gillet, M.C.; Defresne, M.P.; Colson, P.; Houssier, C.;
Dassonneville, L.; Bailly, C.; Greimers, R.; Wright, C.; Quetin-Leclercq, J.; et al. The
DNA Intercalating Alkaloid Cryptolepine Interferes with Topoisomerase Il and Inhibits
Primarily DNA Synthesis in B16 Melanoma Cells. Biochemistry 1998, 37, 5136-5146,
doi:10.1021/bi972927q.

Dassonneville, L.; Bonjean, K.; De Pauw-Gillet, M.-C.; Colson, P.; Houssier, C.; Quetin-
Leclercq, J.; Angenot, L.; Bailly, C. Stimulation of Topoisomerase lI-Mediated DNA
Cleavage by Three DNA-Intercalating Plant Alkaloids: Cryptolepine, Matadine, and
Serpentine. Biochemistry 1999, 38, 7719-7726, doi:10.1021/bi990094t.

Cimanga, K.; De Bruyne, T.; Pieters, L.; Totte, J.; Tona, L.; Kambu, K.; Berghe, D.V.;
Vlietinck, A.J. Antibacterial and Antifungal Activities of Neocryptolepine,
Biscryptolepine and Cryptoquindoline, Alkaloids Isolated from Cryptolepis
Sanguinolenta. Phytomedicine 1998, 5, 209-214, doi:10.1016/S0944-7113(98)80030-5.
Bailly, C.; Laine, W.; Baldeyrou, B.; De Pauw-Gillet, M.C.; Colson, P.; Houssier, C.;
Cimanga, K.; Van Miert, S.; Vlietinck, A.J.; Pieters, L. DNA Intercalation, Topoisomerase
Il Inhibition and Cytotoxic Activity of the Plant Alkaloid Neocryptolepine. Anticancer
Drug Des 2000, 15, 191-201.

Paulo, A.; Duarte, A.; Gomes, E.T. In Vitro Antibacterial Screening of Cryptolepis
Sanguinolenta Alkaloids. Journal of Ethnopharmacology 1994, 44, 127-130,
doi:10.1016/0378-8741(94)90079-5.

Mills-Robertson, F.C.; Tay, S.C.; Duker-Eshun, G.; Walana, W.; Badu, K. In Vitro
Antimicrobial Activity of Ethanolic Fractions of Cryptolepis Sanguinolenta. Ann Clin
Microbiol Antimicrob 2012, 11, 16, doi:10.1186/1476-0711-11-16.

Ayman, N. A Literature-Based Comparative Analysis of the Antibacterial Effects of
Garlic (Allium Sativum), Ginger (Zingiber Officinale), and Clove (Syzygium Aromaticum)
on E. Coli,S. Aureus ,and P. Aeruginosa 2025.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kumar Sagar, P.; Sharma, P.; Singh, R. Anti-Quorum Sensing and Anti-Biofilm Activity of
Ginger (Zingiber Officinale) Rhizomes against Multidrug-Resistant Clinical Isolates of
Pseudomonas Aeruginosa. AJMB 2023, doi:10.18502/ajmb.v16i1.14171.

Shukla, A.; Shukla, G.; Parmar, P.; Patel, B.; Goswami, D.; Saraf, M. Exemplifying the
next Generation of Antibiotic Susceptibility Intensifiers of Phytochemicals by LasR-
Mediated Quorum Sensing Inhibition. Sci Rep 2021, 11, 22421, doi:10.1038/s41598-
021-01845-8.

Vijendra Kumar, N.; Murthy, P.S.; Manjunatha, J.R.; Bettadaiah, B.K. Synthesis and
Quorum Sensing Inhibitory Activity of Key Phenolic Compounds of Ginger and Their
Derivatives. Food Chemistry 2014, 159, 451-457, d0i:10.1016/j.foodchem.2014.03.039.
Ng, W.-J.; Hing, C.-L.; Loo, C.-B.; Hoh, E.-K.; Loke, I.-L.; Ee, K.-Y. Ginger-Enriched
Honey Attenuates Antibiotic Resistant Pseudomonas Aeruginosa Quorum Sensing
Virulence Factors and Biofilm Formation. Antibiotics 2023, 12, 1123,
doi:10.3390/antibiotics12071123.

Kim, H.-S.; Lee, S.-H.; Byun, Y.; Park, H.-D. 6-Gingerol Reduces Pseudomonas
Aeruginosa Biofilm Formation and Virulence via Quorum Sensing Inhibition. Sci Rep
2015, 5, 8656, doi:10.1038/srep08656.

Shukla, A.; Parmar, P.; Patel, B.; Goswami, D.; Saraf, M. Breaking Bad: Better Call
Gingerol for Improving Antibiotic Susceptibility of Pseudomonas Aeruginosa by
Inhibiting Multiple Quorum Sensing Pathways. Microbiological Research 2021, 252,
126863, doi:10.1016/j.micres.2021.126863.

Kim, H.-S.; Park, H.-D. Ginger Extract Inhibits Biofilm Formation by Pseudomonas
Aeruginosa PA14. PLoS ONE 2013, 8, €76106, doi:10.1371/journal.pone.0076106.
Siti Juariah; Fazleen Izzany Abu Bakar; Mohd Fadzelly Abu Bakar; Susi Endrini; Sri
Kartini; Riska Surya Ningrum Antibacterial Activity and Inhibition Mechanism of Red
Ginger (Zingiber Officinale Var. Rubrum) Ethanol Extract Against Pathogenic Bacteria.
ARASET 2023, 30, 145-157, doi:10.37934/araset.30.1.145157.

Mao, Q.-Q.; Xu, X.-Y.; Cao, S.-Y.; Gan, R.-Y.; Corke, H.; Beta, T.; Li, H.-B. Bioactive
Compounds and Bioactivities of Ginger (Zingiber Officinale Roscoe). Foods 2019, 8,
185, doi:10.3390/foods8060185.

Ham, S.-Y.; Kim, H.-S.; Jo, M.J,; Lee, J.-H.; Byun, Y.; Ko, G.-J.; Park, H.-D. Combined
Treatment of 6-Gingerol Analog and Tobramycin for Inhibiting Pseudomonas
Aeruginosa Infections. Microbiol Spectr 2021, 9, e00192-21,
doi:10.1128/Spectrum.00192-21.

Molzahn, V.A.; Mousavi, S.; Bereswill, S.; Heimesaat, M.M. Ginger and Derivatives as
Promising Antibiotics-Independent Options to Tackle Infections Caused by Bacterial
Including Multi-Drug Resistant Pathogens — A Review. EuJMI| 2025,
doi:10.1556/1886.2025.00069.

Lu, L.; Zhao, Y.; Li, M.; Wang, X.; Zhu, J.; Liao, L.; Wang, J. Contemporary Strategies and
Approaches for Characterizing Composition and Enhancing Biofilm Penetration
Targeting Bacterial Extracellular Polymeric Substances. Journal of Pharmaceutical
Analysis 2024, 14, 100906, doi:10.1016/j.jpha.2023.11.013.



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Kivang, S.A.; Akova, B.; Kivang, M. Effects of the Dibenzofuran, Usnic Acid, on Inhibition
of Ocular Biofilm Formation Due to Coagulase-Negative Staphylococci. Med Sci Monit
2023, 29, d0i:10.12659/MSM.940266.

Townsley, L.; Shank, E.A. Natural-Product Antibiotics: Cues for Modulating Bacterial
Biofilm Formation. Trends in Microbiology 2017, 25, 1016-1026,
doi:10.1016/j.tim.2017.06.003.

Roy, R.; Tiwari, M.; Donelli, G.; Tiwari, V. Strategies for Combating Bacterial Biofilms: A
Focus on Anti-Biofilm Agents and Their Mechanisms of Action. Virulence 2018, 9, 522-
554, do0i:10.1080/21505594.2017.1313372.

Catto, C.; Cappitelli, F. Testing Anti-Biofilm Polymeric Surfaces: Where to Start? IMS
2019, 20, 3794, doi:10.3390/ijms20153794.

Pandit, S.; Kim, M.-A.; Jung, J.-E.; Choi, H.-M.; Jeon, J.-G. Usnic Acid Brief Exposure
Suppresses Cariogenic Properties and Complexity of Streptococcus Mutans Biofilms.
Biofilm 2024, 8, 100241, doi:10.1016/j.bioflm.2024.100241.

Francolini, I.; Norris, P.; Piozzi, A.; Donelli, G.; Stoodley, P. Usnic Acid, a Natural
Antimicrobial Agent Able To Inhibit Bacterial Biofilm Formation on Polymer Surfaces.
Antimicrob Agents Chemother 2004, 48, 4360-4365, doi:10.1128/AAC.48.11.4360-
4365.2004.

Akinniyi, G.; Lee, J.; Kim, H.; Lee, J.-G.; Yang, |. A Medicinal Halophyte I[pomoea Pes-
Caprae (Linn.) R. Br.: A Review of Its Botany, Traditional Uses, Phytochemistry, and
Bioactivity. Marine Drugs 2022, 20, 329, doi:10.3390/md20050329.

Xuan, T.D.; Khanh, T.D. Chemistry and Pharmacology of Bidens Pilosa: An Overview.
Journal of Pharmaceutical Investigation 2016, 46, 91-132, doi:10.1007/s40005-016-
0231-6.

Lima Silva, F.; Fischer, D.C.H.; Fechine Tavares, J.; Sobral Silva, M.; Filgueiras De
Athayde-Filho, P.; Barbosa-Filho, J.M. Compilation of Secondary Metabolites from
Bidens Pilosa L. Molecules 2011, 16, 1070-1102, doi:10.3390/molecules16021070.
Kah, G.; Chandran, R.; Abrahamse, H. Green Silver Nanoparticles Curcumin Conjugate
Induced Photodynamic Therapy of Lung Cancer and Lung Cancer Stem Cells. RSC Adv.
2025, 15, 5020-5041, doi:10.1039/D4RA06035K.

Zeng, G.; Wang, Y.; Zhu, M.; Yi, J.; Ma, J.; Yang, B.; Sun, W.; Dai, F.; Yin, J.; Zeng, G.
Inhibition of DNA Topoisomerase | by Flavonoids and Polyacetylenes Isolated from
Bidens Pilosa L. Molecules 2024, 29, 3547, doi:10.3390/molecules29153547.

Perug, D.; Gobin, I.; Abram, M.; Broznié¢, D.; Svalina, T.; étifter, S.; Staver, M.M.; Ti¢ac, B.
Antimycobacterial Potential of the Juniper Berry Essential Oil in Tap Water. Archives of
Industrial Hygiene and Toxicology 2018, 69, 46-54, d0i:10.2478/aiht-2018-69-3085.
Joji¢, A.A.; Liga, S.; Utu, D.; Ruse, G.; Suciu, L.; Motoc, A.; Soica, C.M.; Tchiakpe-Antal,
D.-S. Beyond Essential Oils: Diterpenes, Lignans, and Biflavonoids from Juniperus
Communis L. as a Source of Multi-Target Lead Compounds. Plants 2024, 13, 3233,
doi:10.3390/plants13223233.

Maurya, A.; Prasad, J.; Das, S.; Dwivedy, A.K. Essential Oils and Their Application in
Food Safety. Front. Sustain. Food Syst. 2021, 5, 653420,
doi:10.3389/fsufs.2021.653420.



57.

58.

59.

60.

61.

62.

63.

64.

65

66.

67.

68.

69.

70.

Spengler, G.; Gajdacs, M.; Donadu, M.G.; Usai, M.; Marchetti, M.; Ferrari, M.;
Mazzarello, V.; Zanetti, S.; Nagy, F.; Kovacs, R. Evaluation of the Antimicrobial and
Antivirulent Potential of Essential Oils Isolated from Juniperus Oxycedrus L. Ssp.
Macrocarpa Aerial Parts. Microorganisms 2022, 10, 758,
doi:10.3390/microorganisms10040758.

Tavares, W.R.; Seca, A.M.L. The Current Status of the Pharmaceutical Potential of
Juniperus L. Metabolites. Medicines 2018, 5, 81, doi:10.3390/medicines5030081.
Fernandez-Billén, M.; Llambias-Cabot, A.E.; Jordana-Lluch, E.; Oliver, A.; Macia, M.D.
Mechanisms of Antibiotic Resistance in Pseudomonas Aeruginosa Biofilms. Biofilm
2023, 5, 100129, doi:10.1016/j.bioflm.2023.100129.

Soares, A.; Alexandre, K.; Etienne, M. Tolerance and Persistence of Pseudomonas
Aeruginosa in Biofilms Exposed to Antibiotics: Molecular Mechanisms, Antibiotic
Strategies and Therapeutic Perspectives. Front. Microbiol. 2020, 11, 2057,
doi:10.3389/fmicb.2020.02057.

Lamppa, J.W.; Griswold, K.E. Alginate Lyase Exhibits Catalysis-Independent Biofilm
Dispersion and Antibiotic Synergy. Antimicrob Agents Chemother 2013, 57, 137-145,
doi:10.1128/AAC.01789-12.

Yin, R.; Cheng, J.; Wang, J.; Li, P.; Lin, J. Treatment of Pseudomonas Aeruginosa
Infectious Biofilms: Challenges and Strategies. Front. Microbiol. 2022, 13, 955286,
doi:10.3389/fmicb.2022.955286.

Love, T. Variety Dynamics: Formal Statements of Axioms 1-50; Love Services Pty Ltd:
Perth, 2025;

Abreu, A.C.; McBain, A.J).; Simoes, M. Plants as Sources of New Antimicrobials and
Resistance-Modifying Agents. Nat. Prod. Rep. 2012, 29, 1007, doi:10.1039/¢c2np20035j.

. Arip, M.; Selvaraja, M.; R, M.; Tan, L.F.; Leong, M.Y.; Tan, P.L.; Yap, V.L.; Chinnapan, S.;

Tat, N.C.; Abdullah, M.; et al. Review on Plant-Based Management in Combating
Antimicrobial Resistance - Mechanistic Perspective. Front. Pharmacol. 2022, 13,
879495, doi:10.3389/fphar.2022.879495.

Jubair, N.; Rajagopal, M.; Chinnappan, S.; Abdullah, N.B.; Fatima, A. Review on the
Antibacterial Mechanism of Plant-Derived Compounds against Multidrug-Resistant
Bacteria (MDR). Evidence-Based Complementary and Alternative Medicine 2021, 2021,
1-30, doi:10.1155/2021/3663315.

Hawkins, N.J.; Bass, C.; Dixon, A.; Neve, P. The Evolutionary Origins of Pesticide
Resistance. Biological Reviews 2019, 94, 135-155, d0i:10.1111/brv.12440.

Agboke, A.; Attama, A.; Momoh, M.; Ugwa, C. Evaluation of the Anti-Microbial Activities
of Crude Extract of Cryptolepis Sanguinolenta Leaf and Its Interaction with Some
Antibiotics. Prime Research on Medicine 2011, 1, 31-367.

Adu-Amankwaah, F.; Sam, H.; Asare, C.Y.; Mills-Robertson, F.C. Antimicrobial,
Antioxidant Activities, and Total Phenolic Contents of Pycnanthus Angolensis Sap and
Cryptolepis Sanguinolenta Root Extracts. BMC Complement Med Ther 2023, 23, 205,
doi:10.1186/s12906-023-04006-8.

Merle, N.S.; Church, S.E.; Fremeaux-Bacchi, V.; Roumenina, L.T. Complement System
Part | A€“ Molecular Mechanisms of Activation and Regulation. Front. Immunol. 2015, 6,
doi:10.3389/fimmu.2015.00262.



71.

72

73.

74.

75.

76.

77.

78.

79.

80.

Robins, H.S.; Campregher, P.V.; Srivastava, S.K.; Wacher, A.; Turtle, C.J.; Kahsai, O.;
Riddell, S.R.; Warren, E.H.; Carlson, C.S. Comprehensive Assessment of T-Cell
Receptor B-Chain Diversity in AB T Cells. Blood 2009, 114, 4099-4107,
doi:10.1182/blood-2009-04-217604.

. Turner, M.D.; Nedjai, B.; Hurst, T.; Pennington, D.J. Cytokines and Chemokines: At the

Crossroads of Cell Signalling and Inflammatory Disease. Biochimica et Biophysica
Acta (BBA) - Molecular Cell Research 2014, 1843, 2563-2582,
doi:10.1016/j.bbamcr.2014.05.014.

Laydon, D.J.; Bangham, C.R.M.; Asquith, B. Estimating T-Cell Repertoire Diversity:
Limitations of Classical Estimators and a New Approach. Phil. Trans. R. Soc. B 2015,
370, 20140291, doi:10.1098/rstb.2014.0291.

Zarnitsyna, V.l.; Evavold, B.D.; Schoettle, L.N.; Blattman, J.N.; Antia, R. Estimating the
Diversity, Completeness, and Cross-Reactivity of the T Cell Repertoire. Front. Immunol.
2013, 4, doi:10.3389/fimmu.2013.00485.

Motta, V.; Soares, F.; Sun, T.; Philpott, D.J. NOD-Like Receptors: Versatile Cytosolic
Sentinels. Physiological Reviews 2015, 95, 149-178, doi:10.1152/physrev.00009.2014.
Scur, M.; Parsons, B.D.; Dey, S.; Makrigiannis, A.P. The Diverse Roles of C-Type Lectin-
like Receptors in Immunity. Front. Immunol. 2023, 14, 1126043,
doi:10.3389/fimmu.2023.1126043.

Segerstrom, S.C.; Miller, G.E. Psychological Stress and the Human Immune System: A
Meta-Analytic Study of 30 Years of Inquiry. Psychological Bulletin 2004, 130, 601-630,
doi:10.1037/0033-2909.130.4.601.

Glaser, R.; Kiecolt-Glaser, J.K. Stress-Induced Immune Dysfunction: Implications for
Health. Nat RevImmunol 2005, 5, 243-251, doi:10.1038/nri1571.

Shields, G.S.; Spahr, C.M.; Slavich, G.M. Psychosocial Interventions and Immune
System Function: A Systematic Review and Meta-Analysis of Randomized Clinical
Trials. JAMA Psychiatry 2020, 77, 1031, doi:10.1001/jamapsychiatry.2020.0431.
Robinson, H.; Norton, S.; Jarrett, P.; Broadbent, E. The Effects of Psychological
Interventions on Wound Healing: A Systematic Review of Randomized Trials. British J
Health Psychol 2017, 22, 805-835, doi:10.1111/bjhp.12257.

Analysis conducted using Variety Dynamics framework (T. Love) with Al-assisted literature
synthesis. VD framework, literature search and analytical structure specified, by Dr
Terence Love with initial synthesis by Claude Sonnet 4.6 . Final analysis and review by Dr
Terence Love.

© 2026 Terence Love, Love Services Pty Ltd



