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Among others, it obscures the full range of iodine species in povidone. Past formulations (e.g.: Lugol’s solution and
PVP-I1) contain complexed elemental iodine and a diverse group of iodine species in equilibrium with molecular
iodine.

When PVP-| was first formulated, it was deemed “tamed iodine”, a reference to “taming” the staining, irritation,

and toxicity. At the time, it was also assumed what needed to be “tamed” was molecular iodine. That has proven
to be untrue [16]. Rather than neutralizing molecular iodine’s “alleged toxicity”, it’s the triiodide molecules that

are “tamed”.

During formulation, triiodide molecules (which are toxic), attach to the polymer in PVP-I. This is the interaction
responsible for any “taming” and the creation of a product less toxic, less irritating, and less able to stain than
Lugol’s solution or iodine tinctures.

Upon study, molecular iodine is
shown to (a) have mild toxicity, (b)
not be the cause of the staining or
irritation in povidone and (c) clearly
demonstrates its biocidal activity

[16].

12 stability is the major technical
challenge in designing topical
iodine formulations. Hydration
catalyzes 12 loss with the
concomitant formation of HOI
and ultimately  hypoiodite,
iodide and iodate [17]. This
hydration reaction precludes
commercialization  of pure
aqueous composition of 12
and is partially responsible for
the subtle changes that occur
in PVP-I compositions post-
manufacture. Solid dosage
forms designed to deliver 12
upon dissolution also have the
potential to sublime or interact
with moisture and reductants.

The four basic formulation strategies used to overcome 12 instability
include using (1) iodide as a complexing agent [18], (2) organic
complexing agents [19], (3) solid compositions that release elemental
iodine slowly [20] and (4) oxidation reactions to produce iodine in situ
[21-23].

Each approach has inherent constraints and potential benefits that
need to be evaluated considering an intended application. Adopting
a strategy that requires complexation of the 12 molecule with other
speciesi.e., (a) and (b), makes delivery of pure 12 impossible. lodophors
like PVP-I are highly acidic compositions that provide relatively small
concentrations of 12 in equilibrium with large concentrations of
iodide/triiodide. The concentration of unbound 12 in 10% PVP-I is less
than 8 ppm or less than 0.001% of the total iodine atoms present [24].
lodophors manufactured with concentrations of 12 below a critical
threshold (1 ppm) permit the survival of bacteria and transmission of
nosocomial infections [25-28].

Regulatory agencies do not require vendors to provide a formulation
of PVP-I [29] that would allow a practicing clinician to critically
evaluate its suitability for sundry off-label clinical uses. Nuckolls
[30] recently provided a description of the complex equilibria of the
many iodine species that comprise a dilution of PVP-I and the risks
associated with makeshift dilutions. A more rigorous analysis of the
complex non-linear equilibria underlying aqueous iodine solutions
has been provided by Gottardi [3] which demonstrates the sensitivity
of the equilibrium to iodide and pH.
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Dr. Kessler's expertise lies in the formulation of
compositions that contain molecular iodine and in
systems analysis of complex medical equipment.

He has successfully formulated pure 12 for a wide
range of consumer and medical applications, taken
a solid oral dosage form of 12 into phase lll clinical
trials and demonstrated that molecular iodine is not
responsible for the staining and toxicity observed
with topical iodine disinfectants.

His work includes the characterization of the
structure-function of bacterial neuraminidase, the
chemistry of iodination reactions in the follicular
lumen and development of commercial products. He
has utilized a variety of techniques to incorporate
molecular iodine into different compositions and to
characterize these materials.
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