The toxicity profile of ZPT, both as an ingredient alone and as a component in cosmetic formulations, has been studied extensively in preclinical studies (assessing acute/subchronic/chronic toxicity, genotoxicity, reprotoxicity, irritation, sensitisation and pharmacokinetics) and clinicals (irritation, sensitisation and pharmacokinetics).

These data support the safe use of ZPT in cosmetic formulations at levels of 2% in rinse-off hair products.

1.a.
Summary Of Toxicity Data
A number of pharmacokinetic studies have been conducted to investigate deposition, absorption, distribution, metabolism and excretion. Studies suggest that deposition is dependent upon the concentration of ZPT applied but is independent of contact times from 1-32 minutes. Studies in monkeys have indicated that 0.03-0.04% of an administered dose of ZPT is absorbed across the skin. This level was increased approximately ten-fold in cases of stripped or abraded skin. ZPT has not been shown to accumulate in tissues although higher levels have been noted in the kidney and liver which is consistent with excretion via the urinary and biliary pathways. The major metabolites of ZPT are 2-pyridinethiol-S-glucuronide and 2-pyridinethiol-N-oxide-S-glucuronide with the latter being the most abundant in all species studied. Further metabolism of these intermediates results in elimination of the metabolites in the urine and faeces. A pharmacokinetic study conducted to investigate deposition, absorption and excretion of ZPT resulting from use of a shampoo formulation alone, and from the combined use of a shampoo formulation and a leave on tonic formulation in human volunteers concluded that systemic loading of ZPT was not significantly different between the two dosing regimens. Analytical measurements indicated that total dermal absorption of ZPT was not increased even though dermal deposition of ZPT was increased in those subjects using the shampoo and tonic combination. This suggests that saturation of the transportation routes through the skin had occurred. Additionally, it was demonstrated that dermal absorption of ZPT was not increased in individuals with compromised scalp compared with normal scalp subjects.

A physiologically-based pharmacokinetic (PBPK) model of oral ZPT administration in the rat was developed. The model simulates blood and tissue kinetics of pyrithione (PT) and its major metabolites 2‑(methylsufonyl)pyridine (2-MSP) and the S‑glucuronide conjugates of 2‑pyridinethiol and 2‑pyridinethiol-1‑oxide following single or repeated oral administration of [14C]ZPT to female rats. The predictive validity of this model was confirmed in repeat dose pharmacokinetic studies.  The PBPK model was used to calculate internal doses of ZPT in humans equivalent to the no observed effect level (NOEL) in the rat and compare the internal dose for the NOEL to that obtained in a clinical pharmacokinetic study in humans.
Acute toxicity studies have demonstrated that ZPT possesses the potential for acute oral and dermal toxicity with oral LD50 values ranging from 92-266 mg/kg and 160-1000 mg/kg in the rat and mouse respectively and dermal LD50 values ranging from 2-10 g/kg in rabbits. Acute toxicity studies on shampoo formulations containing 1% ZPT indicate a low potential for oral and dermal toxicity with oral LD50 values of 2500-3000 mg/kg in rats and a dermal LD50 > 20,000 mg/kg in rabbits. In addition, emetic studies in dogs and pigeons indicate a high potential for emesis following ingestion of shampoo formulations containing ZPT in these particular species. ED50 values were determined as 20-70 mg/kg and 50 mg/kg in dogs and pigeons respectively. Further investigation indicates that emetic activity increased with increasing ZPT concentration. 

Eye irritation studies have demonstrated that the irritation potential of shampoo in rabbits eyes is not increased by the incorporation of ZPT. 

Subchronic studies conducted in mice, rats, rabbits, dogs and monkeys have resulted in a variety toxic effects depending on the species involved. In rats and rabbits oral administration of doses of ZPT between 3 and 12 mg/kg/d produced reversible hind-limb paralysis occurring within 8-12 days, recovery from which occurs after 1-2 weeks after returning the animals to a control diet. Levels of ZPT greater than 12 mg/kg/d were fatal in these animal models due to the dramatically reduced food consumption and weight losses with no evidence of paralysis. In monkeys, no adverse effects have been observed following dietary administration of doses of ZPT between 1.2 and 12 mg/kg/d for up to 30 days. A lethal dose of 30 mg/kg/d resulted in neurological deficit. In dogs, repeated oral dosing commonly produces emesis without evidence of paralysis. However such dosing in dogs produces a species specific blindness caused by retinal detachment resulting from ZPT effects on the tapitum lucidum and a subsequent degenerative inflammatory reaction. Due to the absence of the tapitum lucidum structure in humans and other primates, this toxic effect is considered not to be relevant when assessing the human safety of ZPT. Subchronic and chronic dermal application of non fatal doses of ZPT did not result in paralysis when ingestion of the material was prevented. Subchronic studies have been conducted with shampoo formulations containing ZPT in rats, rabbits, guinea pigs, dogs and monkeys with the results being varied depending on the route of exposure, dosing regimen and species studied. In rats and rabbits, oral administration of a shampoo formulation containing ZPT produces a reversible paralysis within one to two weeks of dosing at levels of 10 mg ZPT/kg/d. However paralysis is only seen where animals are dosed continuously with the test material. In monkeys, no adverse effects have been observed following oral administration of doses of 10 mg ZPT/kg/d in a shampoo formulation for a period of 16 weeks. Similarly in dogs, no toxic effects have been observed at doses of ZPT up to 5000 mg/kg/d, although in all studies, the test material induced emesis in all animals. Repeated dermal application of shampoo formulations containing ZPT to rabbits and guinea pigs has produced no toxic effects at levels up to 20 mg ZPT/kg/d. Additionally, application of 20 mg ZPT/kg/d in a shampoo formulation to abraded rabbit skin for four weeks resulted only in skin irritation. 

Investigations into the hind-limb paralysis effects involving neurologic and electrophysiologic studies and electron microscopy studies of peripheral nerves demonstrated that oral administration of ZPT to rats and rabbits induced this effect by causing a dying back neuropathy at doses of 3-12 mg/kg/d. This effect was not seen at a level of 0.5 mg/kg/d and further chronic feeding studies confirmed this dose of 0.5 mg/kg/d in rats as a NOEL with respect to hind-limb paralysis and any other significant toxicological effect.

ZPT was non-genotoxic in the Ames assay, CHO/HGPRT gene mutation assay, mouse micronucleus test, dominant lethal assay, host mediated and in vivo cytogenetic studies, nor was it found to induce unscheduled DNA synthesis.

Reproductive toxicity and teratology studies have been conducted in a number of species including rats and mice. Oral dosing of ZPT at levels of 2.5 mg/kg/d to rats produced no toxic effects, however, 15 mg/kg/d resulted in an increased number of skeletal abnormalities. Similarly, topical application of 40 mg/kg/d produced no toxic effects in rats. Reproductive toxicity and teratology studies with cosmetic formulations containing ZPT have been conducted in rabbits and pigs. Dermal application of shampoo formulations containing ZPT produced no reproductive or teratogenic effects in rabbits and pigs at doses up to 300 mg ZPT/kg/d and 400 mg ZPT/kg/d respectively.
ZPT did not impact upon the low skin irritation profile of shampoo formulations when tested in clinical studies. 

ZPT did not induce sensitisation in animal models. Extensive preclinical and clinical studies have been conducted to investigate the dermal irritation and sensitisation potential of ZPT in cosmetic formulations. In general, ZPT was non sensitising, irrespective of the species when applied dermally or injected intradermally. Clinical patch testing involving in excess of 1000 human subjects with cosmetic formulations such as shampoos and creams containing ZPT has led to the conclusion that ZPT is non sensitising in humans.

1.b
Risk Assessment Summary
Calculations of internal dose ZPT to humans based on a physiologically-based pharmacokinetic (PBPK) model in the rat were compared to measured internal exposures of ZPT in humans. The internal dose of ZPT from a repeated use of a 2%  shampoo + 0.25% tonic was determined to be 4.66 μg/kg/day using urinary concentrations of 14C-ZPT obtained from a human pharmacokinetic study. The human dose of ZPT required to achieve a plasma concentration of pyrithione (PT) equivalent to the NOEL of 500 μg/kg/day in rat calculated using the PBPK model was 2172.5 μg/kg/day or 466 times the current experimentally-derived internal dose (systemic load) of ZPT.  
   2172.5 μg/kg/day (derived from PBPK model) ÷ 4.66 μg/kg/day (experimental human dose) = 466
These data support the long held view that there are no human health concerns associated with exposure to ZPT in excess of 2% in antidandruff shampoos.  
