Antimicrobial Applications

(from Symbollon)

	 Clinicians have utilized iodine-based compositions to treat a wide range of human diseases. Early uses included treatment of goiter by Coindent in 1820 and syphillus by Lugol in 1831. Since 1950 most of the innovative medical studies with iodine rely upon the use of povidone-iodine, which is a topical disinfectant. The types of indications that have been studied with povidone-iodine include skin diseases, gingivitis/oral mucositis, and various ocular diseases. Unfortunately, povidone-iodine contains very low concentrations of molecular iodine (1 to 3 ppm) and very high concentrations of other inactive iodine species (>10,000 ppm). In pharmaceutical terms the “therapeutic index” of povidone-iodine is very low. The therapeutic index of a drug is the ratio of the largest safe dose to the smallest effective dose. 

   The lack of a suitable formulation of molecular iodine has not prevented physicians from exploring its potential to treat a range of indications with povidone-iodine. Unfortunately, the use of povidone-iodine limits the concentration of the active, molecular iodine, and increases staining and irritation. Despite povidone-iodine’s unoptimized composition, several published studies indicate that molecular iodine has potential therapeutic utility in several clinical settings. 

Use of Molecular Iodine on Skin
   Symbollon is has developed a topical formulation of molecular iodine, we refer to as IoDerm, and is preparing to submit an IND to the FDA based upon this composition. IoDerm is a topical gel formulation that provides molecular iodine upon admixture. IoDerm is the first of a new class of iodine-based topical formulations that will not stain skin but provides over 100 times more biocidal iodine than traditional iodophors. We believe this improved therapeutic index will allow IoDerm to address several unmet market needs.

   An essential rationale for the use of molecular iodine to treat skin diseases is the observation that molecular iodine readily penetrates into skin and remains biocidal while it diffuses therein. Gottardi has examined the interaction of 10%-polyvinylpyrrolidone (PVP) and Lugol’s solution with skin. A comparison was made between an aqueous solution containing 170 ppm of molecular iodine and 10% PVP which contains approximately 5 ppm of molecular iodine; 10,000 ppm of tri-iodide; and 6,600 ppm of iodide. 

· Gottardi W. The uptake and release of molecular iodine by the skin: chemical and bactericidal evidence of residual effects caused by povidone-iodine. J. Hosp. Infect. 1995;29:9-18.

Approximately 40 times more molecular iodine was absorbed by skin with the 170 ppm of the aqueous molecular iodine composition than with 10% PVP. Gottardi concluded that molecular iodine is the only form of iodine that is absorbed into skin. The extent of topical absorption is effected by the following parameters: (1) the concentration of molecular iodine; (2) the contact time; (3) the dimensions of the treated area; and (4) the nature of the treated skin. Gottardi was able to demonstrate out-gassing of molecular iodine from skin by both direct chemical measurement and microbiological assessment for up to 24 hours after application. This observation suggests that skin can serve as a reservoir for molecular iodine and that molecular iodine remains stable (i.e., biocidal) while diffusing therein.

   Povidone-iodine has been used to treat acne vulgaris, ringworm versicolor, pityriasis versicolor, and cold sores from herpes simplex virus. The concentration of molecular iodine in these formulations was not measured. In each of these disease states molecular iodine was reported to exhibit a beneficial effect. 

· Brown EJ. A povidone-iodine skin cleanser foam in the management of acne vulgaris. Brit. J. Clin. Practice 1977;31:218-9.

· Khan SA. Observations in the treatment of acne vulgaris with a povidone iodine skin cleanser. Brit. J. Clin. Practice 1979;33:289-90.

· Millikan LE. A double-blind study of Betadine skin cleanser for treatment of acne vulgaris.. CUTIS 1976;17:394-8

· Manna VK, Pearse AD, Marks R. The effect of povidone-iodine paint on fungal infection. J. Int. Med. 1984;12:121-3

· Simmons A. A open-label study conducted to evaluate the efficacy of Betadine cold sore paint. Dermatol. 1997;195(suppl 2):85-8 


These studies were completed on a limited number of subjects and can therefore only be considered anecdotal. A larger study treating refractory cases of atopic dermatitis was published in 1997 in the journal Dermatology (vol. 195 suppl 2; 62-8). This study reported on the treatment of over 600 cases; the abstract from this publication follows:

   For the treatment of atopic dermatitis, a variety of therapies are used including fold medicine. At present, there is no single treatment which is effective to cure the symptoms of atopic dermatitis completely in all patients. We are drawing attention to the high isolation rate of Staphylococcus aureus when starting disinfectant treatment combined with topical steroid therapies for the purpose of killing S. aureus. As a result, we examined many patients in whom almost a complete remission was obtained even after short periods of therapy, though it had been difficult to obtain improvement by conventional treatments. In many patients, IgE values and regain antibody titer decrease dramatically soon after starting treatment. As a disinfectant, 10% povidone-iodine solution was used.

   The results of this study are interesting because of the relatively large number of subjects, the high rate of improvement (97%), and the corresponding objective reduction in IgE and peripheral eosinophilic cell count. Of the 35 subjects who were followed for 3-15 months 54% (n=19) demonstrated a decrease of at least 50% in their IgE titer and 60% (n=21) demonstrated a decrease of at least 60% in their peripheral eosinophilic cell count.

   The literature indicates that molecular iodine Symbollon can penetrate skin and maintains its biocidal activity therein. Symbollon has developed an iodine formulation (IoDerm™) that generates molecular iodine (I2). IoDerm is the first of a new class of iodine-based topical formulations that will not stain skin but provides over 100 times more biocidal iodine than traditional iodophors. This improved therapeutic index may allow IoDerm to address several unmet market needs. 

Use of Molecular Iodine in the Oral Cavity
Symbollon is has developed a liquid formulation of molecular iodine in a mouthrinse matrix and is planning to submit an IND to the FDA based upon this composition. In the late 1970s researchers at the University of Florida ran controlled clinical trials to evaluate the ability of molecular iodine to inhibit plaque formation and to treat gingivitis. These researchers evaluated 10% povidone-iodine versus a number of other treatments including a 50/50 mixture of 10% povidone-iodine and 3% hydrogen peroxide. Although they were unaware of it, mixing hydrogen peroxide with PVP causes the formation of molecular iodine via the reaction of iodide with hydrogen peroxide. In essence, these researchers were improving the 5% PVP formulation without knowing it. The literature citations for these articles is shown below:

· Clark WB, Magnusson I, Walker CB, Marks RG. Efficacy of Perimed amtibacteria; system on established gingivitis. J. Clinical Periodontology 1989;16:630-35.

A 6-month, double-blind study was conducted on 101 subjects with established gingivitis. The following four different mouthrinses were used: (1) 5% PVP, (2) 5% PVP in 1.5% hydrogen peroxide, (3) 1.5% hydrogen peroxide, and (4) water. Gingivitis and plaque was assessed at baseline, 3, 12 and 24 weeks. Gingivitis was evaluated using the papillary bleeding score (PBS) index and plaque was evaluated with the Quigley-Hein plaque index (PI). After baseline subjects received a supragingival scaling and a subgingival irrigation with their respective rinse. Subjects rinsed every day and every three weeks they received a subgingival irrigation. The data indicates that both the 5% PVP and 5% PVP/1.5% H2O2 mouthrinses significantly reduced gingival inflammation and that the greatest reduction was obtained when the concentration of molecular iodine was increased by combining hydrogen peroxide with 5% PVP. 

· Maruniak J, Clark WB, Walker CB, Magnusson I, Marks RG, Taylor M, Clouser B. The effect of 3 mouthrinses on plaque and gingivitis development. J. Clinical Periodontology 1992;19:19-23.

A 14-day, double-blind, randomized study was conducted on 71 subjects to measure the impact on dental plaque and gingivitis of three different mouthrinses. The following three different mouthrinses were used: (1) Listerine, (2) 5% PVP in 1.5% hydrogen peroxide, and (3) Peridex (chlorhexidine). Five subjects were not given any mouthrinse to use; these subjects were used as an additional control group. Gingivitis and plaque was assessed at baseline and 14 days. Gingivitis was evaluated using the papillary bleeding score (PBS) index and plaque was evaluated with the Quigley-Hein plaque index (PI). For both of these measures, a higher score indicates a poorer clinical condition (PBS scores of 0 or 1 indicates the absence of bleeding while a score that is greater than 2 indicates bleeding). Except for use of their assigned mouthrinse, subjects did not use any oral hygiene procedures like flossing or brushing their teeth. Subjects rinsed twice daily. The authors concluded that both chlorhexidine and 5% PVP were effective in reducing plaque and gingivitis when used as a twice daily mouthrinse. The authors comment on a “synergistic” effect when PVP was mixed with hydrogen peroxide; they did not understand that mixing these two chemicals causes an increase in the concentration of molecular iodine which is the active. The data from this experiment is shown below.
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	Oral mucositis is a complication that occurs in nearly all patients who undergo radiochemotherapy for treatment of head and neck cancer. The skin lining the oral cavity of these patients becomes irritated and cracked; this leads to superinfections. In severe cases, it is not possible for these subjects to swallow and they must be nourished via an intravenous line. A group of clinicians in Germany evaluated the effectiveness of 10% PVP in preventing oral mucositis. The literature citation for this publication is:

· Rahn R, Adamietz IA, Boettcher HD, Schaefer V, Reimer K, Fleischer W. Povidone-iodine to prevent mucositis in patients during antineoplastic radiochemotherapy. Dermatology 1997;195(suppl 2):57-61. 

The ability of povidone-iodine (PVP) to delay or prevent oral mucositis was evaluated in an open study with 40 subjects undergoing antineoplastic radiochemotherapy. Subjects were randomly assigned to one of two groups: (1) standard prophylaxis or (2) standard prophylaxis plus PVP. Patients in the treatment group rinsed 4 times daily with PVP, the control group rinsed 4 times daily with water. Clinical examination of the oral mucosa was performed weekly during the radiation period and up to 6 weeks after the end of therapy. The mean onset of mucositis was after 2.25 weeks in treatment patients and 1.5 weeks in control patients. The mean total duration of mucositis was 2.75 weeks in treatment patients and 9.25 weeks in control patients. Oral mucositis was observed in 14 patients of the treatment group with a mean grading of 1.0 (1.0=soreness and redness of the skin caused by dilatation and congestion of the capillaries). Oral mucositis was observed in 20 of 20 patients in the control group with a mean grading of 3.0 (3.0=ulcers and liquid diet only due to an inability to swallow solids). All findings demonstrated a statistically significant difference between the two groups. The authors concluded that rinsing with PVP reduces the incidence, severity and duration of oral mucositis during antineoplastic radiochemotherapy.


