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EXECUTIVE SUMMARY 

Polihexanide is a polymer of chlorhexidine that is used as an antimicrobial for the control of micro-organisms, 

algae and fungi in swimming pools and spas. It is also used as a disinfectant in veterinary hospitals for hard 

surfaces, air spaces, laundry soaking, for animal accommodation, as a sanitiser for milking machines and as a 

topical treatment for wounds and skin conditions in dogs, cats and horses. In addition to the agricultural and 

veterinary uses described, polihexanide is also used as a biocide (disinfectant) for medical equipment, medical 

procedures, contact lens cleaners and cosmetics. These uses are not regulated by the APVMA.  

Polihexanide was nominated for review because of concerns over its potential for carcinogenicity. The assessment 

of potential for carcinogenicity was published by the APVMA in 2011. The assessment concluded that 

polihexanide is unlikely to pose a carcinogenic risk to humans.  

This current report contains an assessment of risk to worker health and safety (WHS) and to public health arising 

from the use of polihexanide products. 

There are no direct food uses registered for polihexanide in Australia. There are no Australian or Codex Maximum 

Residue Limits (MRLs) and no acute reference dose (ARfD) or acceptable daily intake (ADI). There is very limited 

potential for inadvertent contamination of food based on current Australian use patterns. On this basis, there is no 

grounds for establishing an acute ARfD or ADI for polihexanide.  

A WHS risk assessment was conducted for workers using polihexanide pool chemicals and workers using 

veterinary disinfectants. In addition, the use of domestic veterinary products was considered, as was post-

application exposure for the public bathing in pools/spas treated with polihexanide products. Both qualitative and 

quantitative risk assessments were undertaken. Based on the outcomes of the risk assessment, first aid 

instructions and safety directions have been recommended for inclusion on the products labels. 

After consideration of the hazards associated with the products included in this review, along with the exposure 

and risks expected with use of the products, it was concluded that all product registrations can be affirmed after 

varying the product labels to provide appropriate first aid instructions and safety directions. 

 



2 HUMAN HEALTH RISK ASSESSMENT OF POLIHEXANIDE 

1 REVIEW RECOMMENDATIONS 

 Product registration 

Currently there are 19 products containing polihexanide registered in Australia and are included in the APVMA 

review. Details of these registrations are presented in Table 1 below. 

Table 1: Polihexanide products registered in Australia 

APVMA 

Product registration 

number 

Product name Registration holder 

Associated label 

approval numbers 

Pool and spa products 

48356 HTL Bio-Blu Swimming Pool 

and Spa Water Treatment 

and Sanitiser 

HTL Pty Ltd 48356/107402 

48356/01 

49284 King Neptune’s Ozone Clear 

Pool Sanitiser 

Isaac Technologies Pty Ltd 49284/1098 

57606 Aquafresh by Lo-Chlor Pool 

Sanitiser 

M I International Pty Ltd T/A Lo-

Chlor Chemicals 

57606/56365 

57606/0603 

59949 Aquaspa By Lo-Chlor Spa 

Sanitiser 

M I International Pty Ltd T/A Lo-

Chlor Chemicals 

59949/0509 

59949/0408 

61106 Clark Rubber Filtrite Sanit-

Eezy for Family Pools Eezy 

Sanitiser 

Clark Rubber Franchising Pty 

Ltd 

61106/59508 

61106/0606 

64278 Nature Spa Spa Water 

Treatment & Sanitiser 

Enviro Spa & Pool Pty Ltd 64278/0909 

64823 Clark Rubber Filtrite Sanit-

Eezy Eezy Sanitiser 

Clark Rubber Franchising Pty 

Ltd 

64823/50208 

 

66624 Crystal Waters Spa Sanitiser  M I International Pty Ltd T/A Lo-

Chlor Chemicals 

66624/56198 

66624/54048 

66943 Crystal Waters Pool 

Sanitiser 

M I International Pty Ltd T/A Lo-

Chlor Chemicals 

66943/57122 

66943/54752 

68964 Filtrite Sanit-Eezy Eezy 

Sanitiser for Spas Spa 

Sanitiser 

Clark Rubber Franchising pty 

Ltd 

68964/59507 

82162 Spa Soft Spa Sanitiser M I International Pty Ltd T/A Lo-

Chlor Chemicals 

82162/105117 
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APVMA 

Product registration 

number 

Product name Registration holder 

Associated label 

approval numbers 

Veterinary products—Surface, equipment, air space and animal housing disinfectants 

54149 F10SC Veterinary 

Disinfectant 

Health & Hygiene Pty Ltd 54149/0502 

59720 F10SCXD Veterinary 

Disinfectant Cleanser 

Health & Hygiene Pty Ltd 59720/1105 

59998 Trigene II Virucidal 

Disinfectant Concentrate 

Ceva Animal Health Pty Ltd 

(formerly Delvet Pty Ltd) 

59998/0906 

62103 Microtech 7000 General 

Purpose Disinfectant 

Chemetall (Australasia) Pty Ltd 62103/0508 

70073 Safe4 Disinfectant Cleaner 

Concentrate 

Safe4 All (Aust) Pty Ltd 70073/106951 

70073/62442 

Veterinary products—germicidal products for topical application 

58543 F10 Germicidal Treatment 

Shampoo 

Health & Hygiene Pty Ltd 58543/0207 

58543/0904 

58544 F10 Germicidal Barrier 

Ointment 

Health & Hygiene Pty Ltd 58544/1105 

58544/0904 

60080 Dermcare Otoflush Dermcare-Vet Pty Ltd 60080/0407 

There are no objections on human health grounds to the continuing registration of the polihexanide products 

outlined in Table 1. 

 Public health standards 

Polihexanide is in Schedule 6 of the Standard for the Uniform Scheduling of Medicines and Poisons (SUSMP) with 

exemptions for preparations containing 5% or less of polihexanide; or when packed and labelled for therapeutic 

uses. In addition, it is included in Appendix E, part 2 of the SUSMP, with the standard statement E1 (If in eyes 

wash out immediately with water), and Appendix F, with the standard statements 1, 4 and 8 [avoid contact with 

eyes, avoid contact with skin and avoid breathing dust (or) vapour (or) spray mist]. 
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 Label statements 

Taking into consideration the potential toxicological hazard, use pattern and likelihood of handler exposure the 

following first aid instructions and safety directions should appear on the product labels: 

Signal headings, first aid instructions and safety directions 

The current first aid instruction for polihexanide ‘a’ (If poisoning occurs, contact a doctor or Poisons Information 

Centre. Phone Australia 131126) remains appropriate. 

Some of the currently registered products contain other active constituents. The signal headings and first aid 

instructions and safety directions recommended below take into account all the active constituents and excipients 

in the product. 

Pool and spa products 

Signal headings, first aid instructions and safety directions for the pool and spa products 48356, 49284, 57606, 

61106, 64278, 64823 and 66943 should be as below. These products contain 200 g/L polihexanide and at this 

concentration the product is in Schedule 6.  

 

Instruction 

Signal 

headings 

POISON 

KEEP OUT OF REACH OF CHILDREN 

READ SAFETY DIRECTIONS BEFORE OPENING OR USING 

First aid 

instructions 

If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 131126; New 

Zealand 0800 764 766. If in eyes, hold eyes open, flood with water for at least 15 minutes and see a  

doctor. 

Safety 

directions 

May irritate the skin. Will damage the eyes. Repeated exposure may cause allergic disorders. Avoid 

contact with eyes and skin. When opening the container and using the product, wear rubber gloves . 

Wash hands after use. After each day’s use wash gloves . 

Signal headings, first aid instructions and safety directions for the spa sanitising products 59949, 66624, 68964 

and 82162 should be as below:  These products contain 20 g/L polihexanide. At this concentration, products are 

not scheduled. 

 

Instruction 

Signal 

heading 

READ SAFETY DIRECTIONS BEFORE OPENING OR USING 

First aid 

instructions 

First aid is not generally required. If in doubt, contact a Poisons Information Centre ( eg phone 

Australia 13 11 26; New Zealand 0800 764 766) or a doctor.  
 

Safety 

direction 

Wash hands after use. 
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Veterinary disinfectants 

Signal headings, first aid instructions and safety directions for veterinary disinfectants used for surface, equipment, 

air space and animal housing disinfection 54149, 59720, 62103 and 70073 should be as below. These products 

contain polihexanide and benzalkonium chloride as active constituents. The signal headings, first aid instructions 

and safety directions are determined by benzalkonium chloride. 

 

Instruction 

Signal 

headings 

CAUTION 

KEEP OUT OF REACH OF CHILDREN 

READ SAFETY DIRECTIONS BEFORE OPENING OR USING 

First aid 

instructions 

If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 131126; New 

Zealand 0800 764 766. If swallowed, do NOT induce vomiting. Give a glass of water.  

Safety 

directions 

Harmful if swallowed. May irritate the eyes and skin. Repeated exposure may cause allergic 

disorders. Avoid contact with eyes and skin. When opening the container and preparing the product 

for use, wear elbow length chemical resistant gloves. Wash hands after use. After each day’s use 

wash gloves. 

Signal headings, first aid instructions and safety directions for veterinary disinfectant product 59998 used for 

control of microorganisms in veterinary hospitals and animal accommodation, should be as below. The product 

contains polihexanide at a concentration below the scheduling level. However, the product also contains dodecyl 

dimethyl ammonium chloride at a concentration that places this product in Schedule 6. 

 

Instruction 

Signal headings POISON 

KEEP OUT OF REACH OF CHILDREN 

READ SAFETY DIRECTIONS BEFORE OPENING OR USING 

First aid 

instructions 

If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 131126; 

New Zealand 0800 764 766.If swallowed, do NOT induce vomiting. Give a glass of water.  If skin 

contact occurs, remove contaminated clothing and wash skin thoroughly. . If in eyes, hold eyes 

open, flood with water for at least 15 minutes and see a doctor. 

Safety 

directions 

Harmful if swallowed. Product will damage eyes, nose, throat and skin. Avoid contact with eyes 

and skin. When opening the container and using the product wear rubber gloves. Wash hands 

after use.  
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Germicidal products for topical application 

The Signal headings, first aid instructions and safety directions for the germicidal products for topical application 

58543 and 58544, should be as below. These products contain polihexanide and benzalkonium chloride, both 

active constituents below scheduling level. 

 

Instruction 

Signal 

headings 

READ SAFETY DIRECTIONS BEFORE OPENING OR USING 

FOR ANIMAL TREATMENT ONLY 

First Aid 

instructions 

First aid is not generally required. If in doubt, contact a Poisons Information Centre ( eg phone 

Australia 13 11 26; New Zealand 0800 764 766) or a doctor.  

Safety 

directions 

Harmful if swallowed. May irritate the eyes. Avoid contact with eyes. Repeated exposure  may cause 

allergic disorders. Wash hands after use.  

 

The signal headings, first aid instructions and safety directions for the product 60080 should be as below. The 

product contains polihexanide and disodium edetate as active constituents. 

 

Instruction 

Signal 

headings 

READ SAFETY DIRECTIONS BEFORE OPENING OR USING 

FOR ANIMAL TREATMENT ONLY 

First aid 

instructions 

First aid is not generally required. If in doubt, contact a Poisons Information Centre ( eg phone 

Australia 13 11 26; New Zealand 0800 764 766) or a doctor.  

Safety 

direction 

Wash hands after use. 
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2 HAZARD CHARACTERISATION 

Polihexanide or poly(hexamethylene) biguanide hydrochloride or PHMB is a polymer of chlorhexidine and a 

member of the guanidine family. Two CAS numbers (27083–27–8 and 32289–58–0) are currently used for 

polihexanide, both relating to the hydrochloride salt, the former relating to the technical material and the latter to 

the pure polymer (minus monomers). Polihexanide is a cationic biocide and binds to the negatively charged 

phosphate head groups of phospholipids on the bacterial cell wall, resulting in a disruption of the membrane 

culminating in cell death (De Paula et al., 2011). 

Polihexanide is listed on the Australian Inventory of Chemical Substances (AICS)  

(CAS 28757–47–3 and 27083–27–8). Uses of AICS-listed polihexanide compounds are not reported to National 

Industrial Chemicals Notification and Assessment Scheme (NICNAS). Whilst some of its salts are being introduced 

into Australia under new chemical cosmetic exemptions, further details of use are unavailable to NICNAS. 

NICNAS has granted Export Only Permits (EOPs) for a salt of polihexanide, where end-use of the chemical (as an 

ingredient in personal deodorants) would not occur in Australia. 

Polihexanide was nominated for toxicological review because of concerns over potential carcinogenicity. These 

concerns were identified by the then Office of Chemical Safety (OCS) within the Department of Health, following a 

review of the first aid instructions and safety directions for polihexanide, undertaken at the request of the APVMA 

in 2005. The OCS completed an assessment of potential carcinogenicity for polihexanide for the APVMA, as part 

of the review, publishing the report in 2011. This assessment concluded that polihexanide is unlikely to pose a 

carcinogenic risk to humans. 
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 Chemistry-active constituent 

Common name: Polihexanide 

Chemical name: Poly(hexamethylene biguanide) hydrochloride 

INCI Name: Polyaminopropyl biguanide 

Trade names/synonyms: A-Breeze, Baquacil, Baquacil Ultra, Caswell No. 676, Chlorhexidine complex, 

Cosmoquil QC, PHMB, Polyhexanide, Vantocil 1B, Vantocil P (20% w/w 

polihexanide) 

CAS Registry number: 27083–27–8 (as listed on AICS with chemical name guanide,  

N,N’-1,6-hexanediylbis[N’-cyano-, polymer with 1,6-hexanediamine, hydrochloride) 

32289–58–0 (not listed on AICS) 

[Two CAS numbers can be allocated depending on how the polymer is described. CAS No. 27083–27–8 

expresses polihexanide in terms of its starting monomers (N,N’-1,6-hexanediylbis(N’-cyanoguanidine) and 1,6-

hexanediamine).CAS No. 32289–58–0 expresses the PHMB as the resultant polymer (SCCS, 2014).] 

Empirical formula: (C8H17N5. HCl)n+1 

n = 1–40, average n value is between 10–13 

Molecular weight: 219.5 (US EPA RED, 2004b) 

>700 g/L (SCCS, 2014) 

[Depends on the chain length (restricted to 40–42 mers with an average of 12) according to De Paula (2011). The 

review has not been provided data on the average monomer/polymer content of Australian registered products 

containing polihexanide.] 

Chemical structure:  

 The position of the radiolabel (14C) is ind 

 

 Chlorhexidine 
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Chemical and physical properties 

Colour: Very faint yellow 

Odour: Varies from no obvious odour to a strong ammonia smell, depending on 

form 

Physical state: Solid* 

Melting point: Does not melt; decomposition onset 205°C – 210°C 

pH of 5% solution: 5.7 

Specific gravity: 1.04 at 20°C 

Vapour pressure: 1.32 x 10-7 Pa (20°C) 

Kow: 2.3 x 10-3  

Log Pow: -2.3 (experimentally estimated) (SCCS, 2014)  

Boiling point: 100°C 

Solubility in water: 40 g/100 g solution 

Stability: 14 days at 54 ± 2°C 

* Polihexanide is a polymer and is normally supplied as an aqueous solution of 20% polihexanide but also exists 

as another technical grade, ‘solid’ polihexanide. This may be as a powder, lumpy solid or glass-like solid (SCCS, 

2014). 

Technical active—declaration of composition and batch analysis 

Polihexanide is currently on the list of active constituents excluded from the requirements of APVMA approval, in 

accordance with section 14A of the Agricultural and Veterinary Chemicals Code Act 1994. This exemption list 

includes chemicals which have not been primarily developed as agricultural chemicals or are of low significance 

and thus for which an extensive package of data would not be readily available. Chemicals in this list do not have 

an active constituent approval number. 
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  International assessments 

United States 

In 2004, the United States Environmental Protection Agency (US EPA) completed a risk assessment on 

polihexanide as part of a Re-registration Eligibility Decision. Polihexanide was first registered in the US in 1982 

and at the time of the re-registration assessment there were 15 end-use products available. The majority of 

products were pool and spa sanitisers. In contrast to Australian use patterns, polihexanide is also used as a hard 

surface disinfectant on human food preparation surfaces in a range of public premises including hospitals, nursing 

homes, day care centres, hotels, schools, airplanes and restaurants. Therefore, the potential dietary exposure 

scenario in the US is very different than in Australia, as members of the public are potentially exposed to 

polihexanide residues in food on a regular basis. It is for this reason that the US EPA established an ARfD and 

ADI for polihexanide in order to complete a dietary risk assessment.  

The US EPA evaluated a comprehensive toxicological data package on polihexanide. An ARfD of 0.2 mg/kg bw 

was established based on a no observed adverse effect level (NOAEL) of 20 mg/kg bw for reduced litters and 

skeletal abnormalities at 40 mg/kg bw in a rabbit developmental toxicity study and using a 100–fold safety factor. 

An ADI of 0.2 mg/kg bw per day was established based on the NOAEL of 20 mg/kg bw per day for increased 

mortality, clinical signs and reduced feed consumption at 40 mg/kg bw per day in the same study. Similar findings 

occurred in mouse and rat developmental toxicity studies. The US EPA noted the formation of liver tumours in a 

long-term dermal study in mice and dietary studies in mice and rats; however, there was a clear threshold for 

effect and no evidence that polihexanide was genotoxic. The US EPA’s Cancer Assessment Review Committee 

classified polihexanide as ‘Suggestive Evidence of Carcinogenicity, but Not Sufficient to Assess Human 

Carcinogenic Potential’ by oral and dermal routes. Based on this assessment, the US EPA determined that a 

quantification of human cancer risk is not required.  

A screening level acute dietary risk assessment was undertaken for females aged 13–49 and determined that 

exposures were less-than 10% of the ARfD. Chronic dietary risk assessments for all population subgroups and for 

children were less-than 10% and 40% of the ADI respectively. On this basis, the US EPA concluded that 

polihexanide posed no dietary concerns for the general public. As none of the uses of polihexanide were expected 

to impact on either surface or ground water, no drinking water assessment was conducted. When considering 

aggregate risk from dietary and residential exposures (including from swimming pools), risk estimates were below 

the Agency’s level of concern. An occupational health and safety assessment identified only one scenario that was 

above the US EPA’s level of concern, which was workers using polihexanide in some industrial setting scenarios 

that involved liquid pour for drilling muds and workover fluids. However, exposure could be reduced to an 

acceptable margin by employing risk mitigation measures such as metering pump systems. The US EPA 

concluded that all polihexanide products were suitable for re-registration.  
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European Union (EU) 

Polihexanide is authorised for a wide range of uses in the EU including disinfection of surfaces, materials, 

equipment and furniture which are not used for direct contact with food or feeding stuffs; air conditioning systems; 

walls and floors in private, public and industrial areas; as algaecides for treatment of swimming pools, aquariums, 

bathing and other waters; veterinary hygiene purposes and to disinfect the materials and surfaces associated with 

the housing or transportation of animals; disinfection of equipment, containers, consumption utensils, surfaces or 

pipework associated with the production, transport, storage or consumption of food or feed to control algae, 

microbes and mussels in water or other liquids used in cooling and processing systems 

(https://echa.europa.eu/regulations/biocidal-products-regulation/product-types)..  

There are no MRLs and no ARfD or ADI/TDI established for polihexanide in Europe based on its current use 

pattern. 

In 2007, the agency responsible for regulation of biocides in the EU scheduled polihexanide for a review. In 

February 2010, France, the rapporteur member state submitted a proposal for harmonised classification and 

labelling (CLH). This report considered all human health and environmental endpoints. It concluded that 

polihexanide is not genotoxic in vitro and in vivo and a classification as carcinogenic category 3 (agent is not 

classifiable as to its carcinogenicity to humans), R40 (limited evidence of carcinogenic effect) is warranted.  

EU determined that polihexanide is not safe for consumers when used as a preservative in cosmetic 

products up to the maximum concentration of 0.3%. At this concentration or above, polihexanide is not 

allowed for products used for application on skin. 

  Toxicology hazard profile 

Absorption, distribution, metabolism and excretion in mammals  

Rate and extent of oral absorption: ~5% in rats  

Distribution: No data 

Potential for accumulation: No data 

Rate and extent of excretion (rat): 
Majority excreted in 24 h, mostly in faeces (> 90%) and a 

low amount in urine (< 10%) and bile (0.2%).  

Metabolism: No data 

Toxicologically significant compounds 

(animals, plants and environment): 
Polihexanide 

Acute toxicity* 

Rat oral LD50 (mg/kg bw): 20% solution: 2747 (males), 2504 (females)  

[PHMB equivalent: 549 (males), 501 (females)  

https://echa.europa.eu/regulations/biocidal-products-regulation/product-types
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Worst oral LD50 in other species: No data 

Rabbit dermal LD50 (mg/kg bw): 20% solution: > 2000  

[PHMB equivalent: > 400] 

Worst dermal LD50 in other species: Solid PHMB: > 5000 (rat, no deaths), low  

20% product ‘Baquacil SB’: > 5000 (rat, no deaths) [PHMB 

equivalent: > 1000 (rat, no deaths]  

Rat inhalation LC50 (mg/m3): No data 

Worst inhalation LC50 in other species: No data 

Skin irritation: Slight (solid PHMB, rabbit, 4-h) 

Eye irritation: Severe (solid PHMB, rabbit)  

Dermal sensitization: Sensitizing (maximization assay) (guinea-pig) 

Short-term toxicity  

Target/critical effect: Liver and kidney toxicity 

Lowest relevant oral NOAEL: 
500 ppm of 20% = 100 ppm polihexanide 

(≈2.5 mg polihexanide/kg bw/d) (6–month dog study) 

Lowest relevant dermal NOAEL: 200 mg/kg bw/d (highest tested dose—21–day rat study) 

Lowest relevant inhalation NOEC: 0.024 mg/m3 (28–day rat study)  

Genotoxicity:  Non-genotoxic 

Long-term toxicity and carcinogenicity 

Target/critical effect: Liver toxicity (mice, rats, dog)  

Lowest relevant NOAEL:  

 
36 mg/kg bw/d (2–year rat dietary study) 

Carcinogenicity: 
Some evidence of a tumorigenic response in rats. Does not 

pose a carcinogenic risk to humans  
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Reproductive toxicity 

Reproduction target/critical effect: No evidence of reproductive toxicity (rats) 

Lowest relevant parental NOAEL: 70 mg/kg bw/d 

Lowest relevant offspring NOAEL: 70 mg/kg bw/d 

Lowest relevant reproductive NOAEL: 239 mg/kg bw/d (rats) (highest tested dose)  

Developmental toxicity  

Developmental target/critical effect: Delayed ossification at maternally toxic doses  

Lowest maternal NOAEL: 20 mg/kg bw/d (rabbits) 

Lowest relevant developmental NOAEL: 20 mg/kg bw/d (rabbits) 
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Neurotoxicity 
 

Acute neurotoxicity NOAEL: No data 

Subchronic neurotoxicity NOAEL: No data 

Developmental neurotoxicity NOAEL: No data 

Immunotoxicity: No data 

Dermal absorption: Low. Unlikely to be greater than gastrointestinal absorption.  

* In toxicity testing, some tests were conducted with solid polihexanide or  as a 20 % or 25% solution. Where a solution 

was tested, the amount of polihexanide equivalent was calculated and is reported in the above profile.  

Technical active—declaration of composition and batch analysis 

Polihexanide is currently on the list of active constituents excluded from the requirements of APVMA approval. 

This exemption list includes chemicals which have not been primarily developed as agricultural chemicals or are of 

low significance and thus for which an extensive package of data would not be readily available. Chemicals in this 

list do not have an active constituent approval number. 

  Summary of toxicity data for polihexanide 

Toxicokinetics and metabolism 

In a GLP study, Sprague-Dawley rats (5 Wistar-derived rats [Alpk:APfSD]/sex/group) that were pre-fed diets 

containing 200 ppm or 2000 ppm polihexanide (10 and 100 mg/kg bw nominal dose) for 14 days followed by a 

single radiolabelled dose administered via gavage (either 0.08 mg/kg bw or 0.8 mg/kg bw). Low or high oral doses 

resulted in similar patterns of excretion in both sexes, with the total administered dose being excreted within 72 h. 

The faeces represented the major route of excretion (105–109% of the administered dose), with the majority 

occurring within 24 h of dosing. Urinary excretion was low (2–3% of the administered dose), with the majority 

occurring within 24 h of dosing. The overall recovery of administered dose in tissue and carcass was low (0.42–

2.2%) and was similar for both sexes. The levels in whole blood and plasma were insignificant at 2 h post-dose. 

The mean percentage of administered polihexanide absorbed at the low dose was 4.7% and 3.9% for males and 

females respectively; the corresponding percentages were 3.0% and 2.6% respectively for the high dose. A 

slightly higher absorption occurred in males at both doses (Lythgoe & Howard, 1995). 

Following a single oral dose of 20 mg/kg bw polihexanide (as Vantocil 1B) absorption was low in rats (only 2.6–

7.8% of the administered dose), and the unabsorbed dose was eliminated in the faeces. Excretion in bile was low 

(< 0.2%). The absorption of low molecular weight fractions (MWtF) of polihexanide components was greater than 

that of mid and high MWtF components. The absorption of low MWtF components was higher in male rats than in 

female rats. A total of 0.53–0.74% of the administered dose was detected in all collected tissues three days after 

dosing with the highest level measured in the liver (0.18–0.19% of the administered dose). Attempts to identify the 

metabolites were not successful (Lythgoe et al., 1995).  
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In another study, following a single oral dose of 20 mg/kg bw polihexanide (as Vantocil 1B) in male rats, 93%, 6%, 

0.6% and 0.2% were excreted in faeces, urine, bile and expired air, respectively, indicating poor absorption (<7%) 

from the gut. Urinary components contained mainly low MWtF, suggesting that the absorption of low MWtF 

components was greater than high MWtF components. In a part of the study involving dietary administration of 

polihexanide to male rats over five weeks, the maximum concentration in fat reached 1.2 ppm, 0.6 ppm in the liver, 

0.8 ppm in kidney, 0.1 ppm in the heart, with undetectable levels in the brain (Bratt, 1975). 

Acute toxicity studies 

Polihexanide (20%) had low acute oral toxicity in rats (LD50 = 2504 mg/kg bw, females, equivalent to 501 mg 

polihexanide/kg bw from the 20% solution). A 20% solution had low dermal toxicity in rabbits (LD50 > 2000 mg/kg 

bw), equivalent to > 400 mg polihexanide/kg bw, and dermal toxicity in rats was also low when tested as solid 

(LD50 > 5000 mg polihexanide/kg bw, no deaths). No acute inhalational toxicity studies were available. 

Solid polihexanide was slightly irritating to the skin but severely irritating to the eye of rabbits. As a 20% solution, 

polihexanide was a moderate skin sensitiser in guinea pigs but at 6% was a mild sensitiser.  
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Short-term repeat-dose studies 

Oral exposure 

There were no short-term repeat-dose oral studies available for review.  

Dermal exposure 

In a 21–day GLP rat study (5 Wistar-derived [Alpk:APfSD] rats/sex/dose), polihexanide was applied to the clipped 

dorsal skin at doses of 0, 20, 60 or 200 mg polihexanide/kg bw/d for a total of 21 six-hour applications during a  

30 day period under occlusive conditions. The test substance was Vantocil P, a 20.2% solution of polihexanide. 

There were no treatment-related signs of systemic toxicity dy. A marginal increase in relative kidney weight (8%) 

noted in females at the 200 mg/kg bw dose versus controls was not considered treatment-related due to the small 

magnitude of the difference and a lack of associated histopathological or abnormal findings. Dermal findings were 

all localised to the application site and included oedema, scabbing and erythema from 60 mg/kg bw/d, plus 

desquamation and histopathological evidence of dermal irritation (acanthosis, epithelial necrosis and minimal to 

marked inflammatory cell infiltration) at 200 mg/kg bw. The NOAEL for systemic toxicity was 200 mg 

polihexanide/kg bw/d, the highest dose tested (Lees & Leah, 1993).  

Inhalational exposure 

In a 28–day GLP and guideline study (5 Wistar-derived [Alpk:APfSD] rats/sex/dose), rats were exposed nose-only 

to 0, 0.025, 0.25 or 2.5 mg/m3 of polihexanide for 6 h/d, 5 d/wk for 28–days. Additional groups (5/sex) were 

treated with the same doses then allowed to recover for 13 weeks. The test substance was a technical 20% 

aqueous solution of polihexanide. Reduction in bodyweight gain and food consumption was observed in males 

exposed to 0.257 and 2.47 mg/m3. No haematological changes were noted. Histopathological changes were 

observed in the larynx, trachea and lung. High liver weights and squamous metaplasia in the larynx was observed 

in both sexes exposed to 0.257 and 2.47 mg/m3. Increased lung and thymus weight were observed in males only, 

with pneumonitis, bronchitis and tracheal inflammation observed in both sexes at 2.47 mg/m3. The NOEC was  

0.024 mg/m3 due to histopathological changes in the larynx (squamous metaplasia) from the next highest dose of 

0.26 mg/m3 (Noakes, 2006). 
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Subchronic studies 

In a 90–day rat study (25 Wistar rats/sex/dose), Antibacterial 9073 (a 25% aqueous solution of polihexanide) was 

administered via the diet containing 0, 2500, 5000 ppm (equal to 0, 625, 1250 ppm or approximately 0, 30 and  

60 mg/kg bw/d polihexanide, respectively). The study included a limited array of test parameters, and predates 

contemporary test guidelines. At a dose of 5000 ppm, there was a significant decrease in body weight gain in both 

sexes (13% males, 17% females) and this was associated with decreased food consumption over the duration of 

the study. Five of 20 females in the 5000 ppm dose group showed a slight to moderate degree of haemosiderin 

deposition in liver and Kupffer cells. Inclusion of a broader array of haematological parameters in this investigation 

would have enabled further interpretation of the effect. In the absence of histopathological information at the mid 

dose level of 2500 ppm, a NOAEL for haemosiderin deposition in the liver and Kupffer cells cannot be established. 

Due to this, and the inadequate monitoring of haematological parameters, this study is considered to be of limited 

value for regulatory purposes (Griffiths et al., 1966a). 

In a 90–day dog study (4 beagle dogs/sex/dose), Antibacterial 9073 (a 25% aqueous solution of polihexanide) was 

administered via the diet containing 0, 5500, 11000 ppm (equal to 0, 1375, 2750 ppm or approximately 0, 34 and 

69 mg/kg bw/d polihexanide respectively). The study included a limited array of test parameters and predates 

contemporary test guidelines. Decreases in body weight gain were noted in females at 5500 ppm and both sexes 

at 11000 ppm compared to controls but were not considered toxicologically significant due to the small magnitude 

of the decrease (<10%). Haemosiderin deposition of minimal to slight degree was present in the spleen of males 

and females dosed at 11000 ppm and females given 5500 ppm, and was considered to be treatment-related.  

A NOAEL for systemic toxicity could not be established based on an increased incidence of haemosiderin 

deposition in the spleen at all doses tested (Griffiths et al., 1966b). 

In a 26–week dog study (4 beagle dogs/sex/dose), a 20% aqueous solution of polihexanide was administered via 

the diet at 0, 500, 1500 or 4500 ppm (equal to 0, 100, 300, 900 ppm or approximately 0, 2.5, 7.5 and 23 mg/kg 

bw/d of polihexanide). The following treatment-related signs were noted at the highest dose of 4500 ppm: 

decreased bodyweight gain (>10%) with no corresponding decrease in food consumption; clinical chemistry 

indicators of liver damage including increased aspartate aminotransferase (AST), alanine aminotransferase (ALT) 

(week 1326), increased bromosulfophthalein retention (week 22 and 26) and decreased electrophoretic alpha  

2 fraction (week 4, 13, 26); increased relative liver and kidney weights (>10%). Bile stasis, both canalicular and 

cholangiolar, was noted in 1/4 females at 1500 ppm, 3/4 males and females at 4500 ppm. Varying degrees and 

forms of hepatocellular degeneration and necrosis were observed at doses of 1500 ppm and above. Kidney 

epithelial degeneration or nephrosis noted in 2/4 females at 1500 ppm, 3/4 females at 4500 ppm and 2/4 males at 

4500 ppm were very mild, focal and involved primarily the proximal convoluted tubules. The NOAEL was 2.5 

mg/kg bw/d, based on histopathological alterations in the liver and kidneys at higher doses (Trutter & Patterson, 

1977). 

In a one-year dog study (4 beagle dogs/sex/dose), a 20% aqueous solution of polihexanide was administered via 

the diet at 0, 300, 1500 or 3000 ppm (equivalent to 0, 9, 46 and 91 mg/kg bw/d for males and 0, 9, 45 and  

91 mg/kg bw/d for females). The original high dose level of 4500 ppm was reduced to 3000 ppm from day one of 

week 11 or 12 of treatment due to excessive treatment-related effects. Three of four males and one out of four 

females receiving 4500 ppm/3000 ppm were killed prematurely during the study after displaying severe and 

unexpected clinical signs of toxicity. This included marked reddening/peeling of scrotal skin, lack of appetite and 

bodyweight loss and/or indications of hepatotoxicity (elevated plasma ALT and AST). A marked increase of 90% in 



18 HUMAN HEALTH RISK ASSESSMENT OF POLIHEXANIDE 

plasma ALT was observed in surviving animals at a dose of 4500 ppm/3000 ppm. Cholesterol values in surviving 

female dogs were statistically significantly decreased (p<0.01). Dermatitis, featuring necrosis, parakeratosis and 

micro-abscess formation, was observed on the limbs and/or scrotum of two males and on the limbs and chin of 

one female that were sacrificed prematurely at a dose level of 4500 ppm/3000 ppm. A decrease in liver weight was 

observed in the surviving male at 3000 ppm. Microscopic changes in the liver of both sexes at this dose included 

the presence of large eosinophilic intracytoplasmic inclusion bodies in centrilobular and mid-zonal hepatocytes, 

and to a lesser extent cellular swelling and single cell necrosis. Bilateral testicular tubular degeneration was 

observed in 2/4 males. This resulted in a low testis weight for the surviving animal and was accompanied by 

Leydig cell hyperplasia. A NOAEL was established at 1500 ppm (45 mg/kg bw/d), based on clinical chemistry 

changes, decreased liver and testis weights in males and accompanying histopathological alterations at the 

highest dose (3000 ppm) (Horner, 1995). 

Chronic studies 

Oral exposure 

In a two-year mouse study (55 animals/sex/dose), a 20% aqueous solution of polihexanide was administered via 

the diet at 0, 400, 1200 or 4000 ppm of polihexanide (equivalent to 0, 54.7, 167 and 715 mg/kg bw/d of 

polihexanide in males and 0, 69, 216.5 and 855.5.3 mg/kg bw/d for females). Survival was comparable among all 

male groups including the control group. In females, survival at 4000 ppm was 12% lower than controls at study 

termination. Anal swelling and discharge were the main treatment-related clinical observations at 4000 ppm. At 

4000 ppm, bodyweight gain was severely reduced in both sexes during treatment compared to control animals (by 

50% in males and 30% in females at termination) despite an increase in food consumption (10–20% higher). An 

increased incidence of masses in both sexes at 4000 ppm correlated with a statistically significant increased 

incidences of haemangiosarcoma in the liver (20/55 males and 13/55 females). Non-neoplastic lesions such as 

hepatocyte hypertrophy, induction of hepatic DNA synthesis (increased ploidy) and increased pigmentation 

(lipofuscin and haemosiderin) were observed in both sexes at 1200 and 4000 ppm. Gross examinations also 

revealed an increased incidence of prolapsed and/or swollen anus in both sexes at 4000 ppm. This was correlated 

with a dose-related increased incidence of inflammation and squamous cell hyperplasia around the recto-anal 

junction at 1200 and 4000 ppm. There was also a statistically significantly increased incidence of squamous cell 

carcinoma in the same area in both sexes at 4000 ppm (5/49 males and 8/39 females). Adenocarcinoma at the 

recto-anal junction was also observed in 1/49 males at 4000 ppm. Increased incidences of luminal dilatation and 

epithelial hyperplasia were observed in the gall bladder in both sexes at 4000 ppm. Also at this dose, there was an 

increased incidence of extramedullary haematopoiesis in the spleen. The NOAEL for chronic toxicity and 

carcinogenicity was 400 ppm (equivalent to 55 mg/kg bw/d) based on toxicity in the liver and the recto-anal 

junction at the next highest dose of 1200 ppm (Milburn, 1996). 

In a two-year rat study (64 animals/sex/dose), a 20% aqueous solution of polihexanide was administered via the 

diet at 0, 200, 600 or 2000 ppm of polihexanide (equivalent to 0, 12.1, 36.3 and 126.1 mg/kg bw/d of polihexanide 

in males and 0, 14.9, 45.3 and 162.3 mg/kg bw/d for females). Survival was comparable among all male groups. In 

females, survival was 13% lower in the 2000 ppm group than in the controls. There were no overt signs of toxicity 

or abnormal behaviour observed during the study. Female rats fed 2000 ppm polihexanide had a decrease in 

bodyweight gain of 10–15% compared to control animals. Food consumption and food conversion efficiency, 

however, was not affected by treatment. Plasma ALP activity was significantly increased in female rats at 

2000 ppm during the study (up to 74% at end of study). Histologically, haemangioma of the liver was observed in 

2/64 males and 2/64 females at 2000 ppm. Haemangiosarcoma of the liver was observed in 1/64 females at 
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2000 ppm. The NOAEL for chronic toxicity and carcinogenicity was 600 ppm (equivalent to 36 mg/kg bw/d), based 

on decreased bodyweight gain, increased ALP activity and the presence of haemangioma and haemangiosarcoma 

in the liver at the highest dose of 2000 ppm (Horner, 1996). 

Dermal exposure 

In a mouse study, polihexanide was applied to the clipped dorsal skin at doses of 0, 0.6, 6.0 or 30 mg/mouse/d for 

five days per week over an 80–week period. This study predates contemporary test guidelines. It was unclear if 

oral ingestion was prevented. Survival in both sexes at 30 mg/mouse was lower than in other groups. Clinical 

signs such as irritation of the skin, hyperkeratosis and desquamation and bilateral protrusion of the eyes were 

restricted to the highest dose. Bodyweight gain in the highest dose group was reduced during the study compared 

with control animals by 50% in males and 17% in females. Haemangiosarcoma in the liver was observed in  

2/50 females at 30 mg/mouse but none in the other groups. This was not considered to be related to treatment 

because the incidence was within the historical control range. The NOAEL was 6.0 mg/mouse/d, which is 

approximately  

300 mg/kg bw/d (Ishmael & Weight, 1978; Clapp, 1990). 

Reproduction study 

In a two-generation rat study, polihexanide was administered via the diet to 2 successive generations (26 weanling 

rats [Alpk:APfSD]/sex/dose) throughout all phases of the study at nominal concentrations of 0, 200, 600 or 2000 

ppm. These concentrations equated to 0, 23, 70 and 239 mg/kg bw/d for F0 parent males and 0, 25, 77 and  

258 mg/kg bw/d for F0 parent females. At a dose of 2000 ppm there was a statistically significant decrease of 8% 

in body weight gain during pre-mating in F0 males and females and a decrease in food consumption (5%) and 

food utilisation (7%) in F0 males only. There was no corresponding effect in F1 animals. A statistically significant 

increase of 4% in mean relative kidney weight occurred in F0/F1 parental animals at a dose of 2000 ppm.  

A statistically significant increase in mean relative kidney weight of 9% was also noted in male pups of the F2 litter 

from 2000 ppm treated-parents with an increased incidence of minimal to slight transitional epithelial hyperplasia 

and hypertrophy/hyperplasia of collecting duct epithelium. The NOAEL for parental toxicity was 600 ppm based on 

decreased body weight gain during pre-mating in F0 animals (70 (males) and 77 (females) mg/kg bw/d); 

decreased food consumption and utilisation; and increased kidney weights in F0/F1 parental animals at the higher 

dose of 2000 ppm. The NOAEL for reproductive toxicity was 2000 ppm, the highest dose tested. The NOAEL for 

pup toxicity was 600 ppm (70 mg/kg bw/d), based on increased kidney weights and an increased incidence of 

associated histopathological findings (minimal to slight transitional epithelial hyperplasia and 

hypertrophy/hyperplasia of collecting duct epithelium) at the higher dose of 2000 ppm (Milburn, 1995). 
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Developmental studies 

In a rat developmental study that predated GLP and test guidelines, polihexanide was administered via the diet to 

groups of at least 20 pregnant animals/dose (Alderly Park rats, strain not stated) at levels of 0, 200, 1000 or  

2000 ppm on gestational days (gd) 1–20. The test substance was Bacquacil SB®, a product containing 20% 

polihexanide. At dose levels of 1000 ppm and above, there was a statistically significant decrease in overall mean 

body weight gain (23 and 44% reductions for 1000 and 2000 pm, respectively) with concomitant reductions in food 

consumption (15 and 17% reductions, respectively). There was a statistically significant increase (11% greater 

than controls) in the number of fetuses with extra ribs in the 2000 ppm polihexanide-treated group). The NOAEL 

for maternotoxicity was 200 ppm, based on decreased food consumption and body weight gain at and above 

doses of 1000 ppm. The NOAEL for fetal toxicity was 1000 ppm polihexanide, based on an increased incidence of 

extra ribs at the higher dose of 2000 ppm (Hodge & Palmer, 1976). 

In a rabbit developmental GLP study, polihexanide was administered by oral gavage to 20 time-mated New 

Zealand White rabbits/group at 0, 10, 20 or 40 mg polihexanide/kg bw/d on days 8–20 of gestation. Treatment-

related mortalities and clinical signs occurred exclusively at the top dose of 40 mg/kg bw/d. There were six deaths 

in dams at this dose level: four deaths were due to abortion, one dam was killed in extremis due to lack of appetite 

and weight loss and one dam was found dead (cause not clearly identified). A variety of abnormalities in the 

stomach or caecum were noted in these dams at necropsy, consistent with a lack of appetite (distended gas-filled 

intestines and/or fluid contents) and/or indicative of irritation (raised areas and/or mucosal sloughing). Body weight 

loss and reduced food consumption was observed prior to all premature deaths (six dams) at 40 mg/kg bw/d. 

Observations of general toxicity in the dams which survived to termination at 40 mg/kg bw/d included subdued 

behaviour or coldness on some occasions which were associated with periods of lost appetite. There were no 

overall significant changes in maternal body weight or food consumption in surviving animals. An increased 

incidence of skeletal abnormalities was detected at 40 mg/kg bw/d and included a statistically significant increase 

in the percentage of fetuses with unossified 5th sternebrae (10.1 vs 3.3) and with fused 4th and 5th sternebrae  

(5.9 vs 0.6) as compared to controls. The NOAEL for maternal toxicity was 20 mg polihexanide/kg bw/d, based on 

increased mortality, decreased food consumption and body weight loss at the higher dose of 40 mg/kg bw/d.  

The NOAEL for fetal toxicity was 20 mg polihexanide/kg bw/d, based on an increased percentage of fetuses with 

skeletal variations at the higher dose of 40 mg/kg bw/d (Brammer, 1993). 

Genotoxicity studies 

Polihexanide (20%) was not mutagenic to bacteria (Callander, 1989) or clastogenic to human lymphocytes 

(Howard, 1989). Polihexanide (20%) did not cause unscheduled DNA synthesis in rat hepatocytes (Trueman, 

1989) and was negative in the micronucleus test in mice (Randall & Beck, 1989). 
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Other studies 

Sensory irritation in mice 

In a study to determine the sensory irritation potential of Baquacil®1 containing 20% polihexanide and dichlor2 

(sodium dichloroisocyanurate), mice (5 females Alpk:APfCD-1/group) were exposed nose-only to 5, 50 and  

200 mg/m³ Baquacil® ) or 6, 25 and 45 mg/m³ dichlor (as total chlorine). In addition, ‘in use’ spa/pool water 

concentrations of 50 ppm Baquacil® (10 ppm polihexanide) and 2 ppm dichlor were also tested at the maximum 

particulate concentrations of 10,000 mg/m3 of formulation (analysed as 0.07 mg/m3 polihexanide and below the 

limit of detection (0.5 mg/m3, for chlorine) and compared to synthetic spa/pool water alone. There was no 

description of the exposure period. Respiration rates were measured for each concentration and used to calculate 

the RD50 (the exposure concentration producing a 50% respiratory rate decrease). RD50 values indicated that 

polihexanide (265 mg/m3) is a less potent than dichlor (39.2 mg/m3) as a sensory irritant. Delay in the recovery of 

respiration rate was observed at the end of exposure to 17.5 and 42 mg/m³ chlorine and in mice exposed to 

208 mg/m³ Baquacil®, indicating that mild pulmonary irritancy and toxicity is a result of exposure to dichlor and 

high concentrations of Baquacil®. No significant difference between the respiratory depression seen in mice 

exposed to ‘in use’ concentrations of Baquacil® and dichlor as compared to those exposed to synthetic spa water 

alone. Therefore, it is concluded that neither Baquacil® nor dichlor diluted in synthetic spa water at ‘in use’ 

concentrations, would be expected to cause sensory irritation. Mild pulmonary irritancy and toxicity to high concentrations of 

Baquacil® (208 mg/m³) were noted (Rose, 1994). 

Human studies 

In a skin irritation study in human volunteers, a product containing polihexanide (Cosmocil CQ, other constituents 

unknown) was applied to a plaster and applied to the skin for 24 h. The doses tested were equivalent to 0%, 0.3%, 

0.6% and 1% polihexanide. Of the 45 people tested, 36 showed no dermal reaction, 5 showed a reaction to the 

plaster and 1 person at the highest dose developed a well-defined erythema at 24 h after plaster removal. 

Cosmocil CQ was therefore not a skin irritant at up to 5.0% (or 1.0% polihexanide) (Sueki, 2001). 

The following information on adverse reactions to polihexanide was retrieved from the published literature. Two 

cases of severe anaphylaxis have been reported following contact of surgical wounds with a disinfectant 

containing 0.2% polihexanide (Lavasept®). An immediate-type hypersensitivity reaction to polihexanide in both 

patients was suggested by positive intradermal injection tests. It appears that damage to the epidermal barrier or 

application to mucous membranes may have been a predisposing factor (Olivieri et al., 1998). A hospital 

disinfectant containing polihexanide (Phagosept® - concentration not reported) was implicated as the causal agent 

in a single case of recurrent erythema multiforme (Gehanno et al., 2006). When patch-tested at a 2.5% strength on 

individuals with known contact allergen responses to cosmetics and medications, the prevalence of a 

polihexanide-induced skin sensitisation response was found to be extremely low (six out of 1554 patients or 0.4%) 

(Schnuch et al., 2000). There were no adverse reactions reported when Lavasept (0.2% polihexanide) was used 

as a pre-operative antiseptic for cataract surgery in 29 patients (Hansmann et al., 2004). A study of six clinical 

                                                   

1 A trademark registered in Australia by Arch UK Biocides Ltd. No products registered in Australia by this name. Formulation 
details unknown except that it contains 20% polihexanide.  

2 Dichlor is an abbreviation for dichloroisocyanuric acid and the term is used in product names in Australia and overseas.  
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case reports showed that a 0.02% aqueous polihexanide solution was well-tolerated by human corneal and 

conjunctival epithelium when used for the treatment of Acanthamoeba keratitis (Varga et al., 1993). 

Chlorhexidine is a widely used medical disinfectant known to cause allergic reactions including contact dermatitis 

and (less commonly) anaphylactic reactions when applied to the skin, or introduced into the body via catheters. As 

a polymer of chlorhexidine, the potential for polihexanide to cause similar type reactions cannot be excluded. The 

available evidence to date suggests that adverse reactions to commercial strength products containing 

polihexanide are possible but extremely uncommon. In Australia, there have been no reported cases of adverse 

reaction associated with the use of Medis Disinfectant, a registered medical product containing polihexanide, and 

none reported for medical disinfectant and antiseptic products containing chlorhexidine (communication with the 

TGA Adverse Drug Reaction and Medical Devices Sections). 

Various allergic reactions due to chlorhexidine have been described, with contact dermatitis being the most 

common adverse reaction. In the last 20 years, reports of anaphylactic shock due to chlorhexidine began to 

appear more frequently after four cases were first reported in Japan in 1983 (Nomura et al., 1983). In a more 

recent review (Heinemann et al., 2002), a total of 66 cases of anaphylaxis due to chlorhexidine (concentrations 

ranging from 0.05%–4%) have been reported, with the diagnosis confirmed by skin prick testing, intradermal 

testing or scratch testing. Twenty anaphylactic reactions occurred when chlorhexidine was applied to damaged 

skin surfaces such as wounds, burns and dermabrasions or when the skin was broken by surgery or vein 

puncture. Twenty-seven patients showed an immediate-type reaction when chlorhexidine was applied to mucous 

membranes (intraurethral and intravaginal). Sixteen patients, all but one from Japan, experienced anaphylactic 

reactions after the introduction of a chlorhexidine-coated central venous catheter. Two cases of anaphylactic 

shock also occurred following the use of an eye wash solution or a dental gel containing chlorhexidine. In a recent 

case report (Krautheim et al., 2004), a 20–year old woman experienced a severe anaphylactic reaction after using 

a solution containing 0.05% chlorhexidine (Merfen Blue) to disinfect a small cut caused by a piece of broken glass. 

Anaphylaxis occurred when a man with excoriated skin was exposed to a 0.05 % chlorhexidine whole body bath 

(Snellman et al., 1999). Although application of chlorhexidine to intact skin can cause immediate allergic reactions 

such as urticaria and Quincke’s oedema, the available evidence suggests that severe anaphylactic reactions rarely 

occur.  
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 Formulated products 

No toxicological studies were available for the products included in this review. However, the toxicity of products 

was estimated based on studies on the active constituent(s), as well as from data on the excipients.  

Table 2: Summary of acute toxicity of the swimming pool and spa products 

Toxicity end point 

Toxicity of products containing 200 g/L 

polihexanide (48356, 49284, 57606,  

61106, 64278, 64823 and 66943) 

Toxicity of products containing 20 g/L 

polihexanide (59949, 66624, 68964 and 

82162) 

Oral Low toxicity Low toxicity 

Dermal Low toxicity Low toxicity 

Inhalational No data No data 

Skin irritation Slight irritant Non-irritant 

Eye irritation Severe irritant Non-irritant 

Skin sensitisation Sensitiser Non-sensitiser 

Table 3: Summary of acute toxicity of F10 germicidal treatment shampoo (No. 58543) 

Toxicity end point Toxicity of product 

Oral Low toxicity 

Dermal Low toxicity 

Inhalational Low toxicity 

Skin irritation Non-irritant 

Eye irritation Slight irritant 

Skin sensitisation Non-sensitiser 
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Table 4: Summary of acute toxicity of F10 germicidal barrier ointment (No. 58544) and dermacare otoflush (No. 

60080) 

Toxicity end point Toxicity of product 

Oral Low toxicity 

Dermal Low toxicity 

Inhalational No data or insufficient data 

Skin irritation Non-irritant 

Eye irritation Non-irritant 

Skin sensitisation Non-sensitiser 
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Table 5: Summary of acute toxicity of veterinary products used as surface, equipment, air space and animal 

housing disinfectants (54149, 59720, 62103 and 70073) 

Toxicity end point Toxicity of product 

Oral Moderate toxicity 

Dermal Low toxicity 

Inhalational Low toxicity 

Skin irritation Slight irritant 

Eye irritation Slight irritant 

Skin sensitisation Sensitising 

Table 6: Summary of acute toxicity of Trigene II Virucidal Disinfectant Concentrate (No. 59998) 

Toxicity end point Toxicity of product 

Oral Moderate toxicity 

Dermal Low toxicity 

Inhalational Low toxicity 

Skin irritation Moderate irritant 

Eye irritation Severe irritant 

Skin sensitisation Sensitising 
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  Discussion of toxicity Data for Polihexanide 

Toxicokinetics 

The gastrointestinal absorption of polihexanide ranged from 2.6 to 7.8%, with 90% of an oral dose of polihexanide 

via the faeces with <1% biliary excretion. Very small quantities were excreted in the urine. There were no 

percutaneous absorption studies available for evaluation. However, it is considered highly likely that the level of 

dermal absorption would not exceed the level of gastrointestinal absorption. 

Acute toxicity 

Polihexanide (as a 20% solution) had low acute oral toxicity in rats (LD50 = 2504 (females) and 2747 (males) 

mg/kg bw) which is equivalent to 501(females) and 549 (males) mg polihexanide/kg bw. Clinical signs included 

slight salivation, lacrimation and piloerection and in some cases a subdued appearance. At the highest dose, there 

was also wheezing and staining around the mouth. Acute dermal toxicity was tested in a contemporary study in 

rats where moistened solid polihexanide was applied to the skin and resulted in no deaths at up to 5000 mg/kg bw. 

Skin irritation was noted in this study, however it is noted that the exposure was 24 h. In older, non-Guideline 

studies, a 20% aqueous solution (Vantocil P) of polihexanide applied to intact and abraded rabbit skin resulted in 

no deaths at up to 2000 mg/kg bw, equivalent to 400 mg polihexanide/kg bw and a formulation (‘Bacquacil SB®’) 

containing 20% polihexanide plus other constituents did not result in any deaths in rats at up to 5000 mg/kg bw 

(equivalent to 1000 mg polihexanide/kg bw), however severe skin irritation was noted at both doses tested. 

Considering the first rat study on the solid followed contemporary guidelines and , in contrast to the older rat and 

rabbit studies (predating test guidelines) which used polihexanide dilutions/formulations requiring extrapolation for 

the LD50 value for the active, the dermal LD50 for polihexanide is >5000 mg/kg bw (rats, no deaths).  

Solid polihexanide was slightly irritating to the skin of rabbits in a Guideline compliant study, whereas when applied 

for an extended period of 24 h in the rat (as a 20% solution or 25% formulation) severe to corrosive effects were 

noted. The presence of other unknown constituents in the 25% formulation reduces the value of this study. In 

addition, as the studies in the rat predated test Guidelines, increased regulatory value is attributed to the rabbit 

study and polihexanide is considered a slight dermal irritant. Eye irritation was tested in the rabbit, where a 

contemporary Guideline study using solid polihexanide showed severe irritation. Older studies with a 20% solution 

showed severe irritation, whereas a 25% formulation was corrosive, however as the latter was an unknown 

formulation and not conducted to contemporary guidelines, polihexanide is regarded as a severe eye irritant. A 

20% solution of polihexanide was a moderate skin sensitiser in guinea pigs but at 6% it was a mild sensitiser. 

Repeat-dose toxicity 

Reduced body weight gain was the most common effect in repeat-dose animal studies. Repeat-dose oral studies 

in mice, rats and dogs demonstrated that the target organ was the liver. Liver effects in chronic studies in mice 

included hepatocyte hypertrophy (an adaptive effect), induction of hepatic DNA synthesis and increased 

pigmentation from 167 mg/kg bw/d and increased incidence of extramedullary haematopoiesis in the spleen at  

715 mg/kg bw/d. In a chronic rat study, plasma ALP activity was increased in females at 162 mg/kg bw/d and in a 

chronic dog study, increased plasma ALT, reduced cholesterol and liver histopathology was noted at  

91 mg/kg bw/d. The tumours noted in these chronic studies are described in the carcinogenicity section below. 
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Other effects noted in these studies include increased mortality and weight loss/reduced body weight gain in mice, 

rats and dogs, histopathological changes in the kidney, spleen and gall bladder of mice and in the testes of dogs.  

The lowest NOAEL was established in a 26–wk dog study (Trutter et al., 1977) which was approximately 2.5 mg 

polihexanide/kg bw/d based on histopathological alterations in the liver and kidneys (bile stasis, focal 

hepatocellular degeneration and necrosis, and focal proximal tubular nephrosis) from the next highest dose of 

approximately 7.5 mg/kg bw/d. This NOAEL is greater than 10–fold lower than the NOAEL identified in the 1–year 

dog study, and the LOEL in the 90–day dog study. In a shorter 90–day study, a NOAEL was not identified due an 

increased incidence of haemosiderin deposition in the spleen at both test doses (approximately 34 and  

69 mg/kg bw/d). Although this study was of limited regulatory due to the limited parameters measured, there was 

no histopathology noted in the kidney or liver at any dose tested and there were no treatment-related effects in 

ALP, liver function tests or blood urea (Griffiths, et al.,1966b). 

In a comprehensive one-year dietary dog study (Horner, 1995) the NOAEL was 45 mg/kg bw/d. This was based on 

clinical chemistry changes in females (increased plasma ALT and decreased plasma cholesterol), decreased liver 

and testis weights in males and accompanying histopathological alterations at the highest dose (91 mg/kg bw/d). 

This LOEL is more than 10–fold greater than the LOEL from the 26–week study. In addition, although both studies 

show liver effects, the end points are dissimilar. These findings are incongruent as not only would similar effects 

be expected in the same species, but they would also be expected at similar or lower doses in longer term studies. 

Due to the discrepancies between the studies, Australian and other international regulatory agencies have put 

more weight on the more recent GLP compliant 1–year study in establishing a relevant NOAEL in dogs. 

In a short-term dermal study in rats (21–day), doses up to 200 mg/kg bw/d did not result in any systemic toxicity, 

although local dermal effects (erythema, oedema and scabbing) were noted from 60 mg/kg bw/d. A chronic dermal 

study in mice showed irritation to the skin, hyperkeratosis and desquamation only at much higher doses  

(30 mg/mouse, approximately 1500 mg/kg bw/d), with no effects at approximately 300 mg/kg bw/d. Systemic 

effects were noted at this dose, including increased mortality, hepatotoxicity, bilateral protrusion of the eyes, and 

reduced body weight gain. In the chronic study however, it was unclear if test sites were covered, therefore oral 

ingestion cannot be ruled out. In addition, the description of doses as ‘per mouse’ reduces the accuracy of the 

dose values for comparison to other studies. It can be concluded that the dermal NOAEL for systemic effects in 

both short-term and long-term studies in rats and mice is likely to be greater than 300 mg/kg bw/d.  

Exposure by the inhalation route over 28 days (nose only) resulted in histopathology in the larynx (squamous 

metaplasia) from 0.26 mg/m3 in rats, which was reversible following a recovery period, although pneumonitis and 

bronchitis persisted at the highest dose of 2.5 mg/m3. 
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Reproductive and developmental effects 

A two-generation reproduction conducted in rats revealed no evidence that polihexanide caused reproductive 

toxicity. There was no evidence that polihexanide was teratogenic in rats or rabbits.  

Genotoxicity 

There was no evidence that polihexanide is genotoxic in vitro or in vivo. 

Carcinogenicity  

In a 2–year oral study in mice, polihexanide caused an increased incidence of haemangiosarcoma in the liver 

(20/55 males, 13/55 females vs controls 4/44 M, 0/55 F) above historical controls and squamous cell carcinoma at 

the recto-anal junction (5/49 males, 8/39 F vs controls 0/45 M&F) at high exposure levels (approximately 

700850 mg/kg bw/d) with the oral NOAEL for carcinogenicity being approximately 167 mg/kg bw/d.  

In an 80–week dermal study in mice, haemangiosarcoma in the liver was observed in 2/50 (4%) females at the 

highest dose, with 1/50 (2%) seen in mid and high dose males and 1/50 seen in male controls. This was not 

considered to be treatment related, since the incidence of haemangiosarcoma was within the range of historical 

controls (2–15% for male and 0–9% for female) and is therefore considered incidental. 

In a 2–year oral study in rats, one female rat out of 128 was found to have haemangiosarcoma of the liver and 

2/sex out of 128 rats had haemangioma of the liver at the highest dose tested  

(approximately 120–160 mg/kg bw/d). Although these tumours are rare in this strain of rat (no historical control 

data provided), an expert peer review concluded that the tumours were likely sporadic occurrences and not related 

to treatment, given the absence of an incidence of pre-neoplastic findings, for example (Busey, 1996).  

Discussion on carcinogenicity 

Mode of action 

Polyhexanide is not genotoxic in vitro and in vivo. Preneoplastic hepatic lesions in mice were indicative of 

inflammatory damage (hepatitis) and compensatory hepatocyte enlargement with increased DNA synthesis 

(ploidy). It is therefore likely that the mode of action for hepatic haemangiosarcoma is epigenetic in nature, 

indicated by a clear NOAEL for tumour induction. 

A mechanistic study in mice (Kamendulis, 2008) investigated a hypothetical mode of action relating polihexanide 

action on GI bacteria and endotoxin activativation of Kupffer cells, potentially resulting in endothelial cell 

proliferation and ultimately leading to neoplasia. Despite inclusive results on the effect of endotoxins, polihexanide 

induced cell proliferation in liver endothelial cells; the putative cell of tumour origin for haemangiosarcoma. 



 HAZARD CHARACTERISATION 29 

 

Increased pigmentation (lipofuscin and haemosiderin) and increased hepatic DNA synthesis were observed in the 

chronic mouse study and have been observed in other repeat-dose studies on polihexanide, including a 1–year 

dog study. In studies (Klaunig & Kamendulis, 2005) on the industrial chemical 2–butoxyethanol liver 

haemangiosarcomas were seen in male mice but not in female mice, rats or humans. Mode of action data indicate 

that 2–butoxyethanol causes red blood cell haemolysis and haemosiderin build-up in the Kupffer cells of male 

mice. That is, there is an accumulation of haemosiderin (iron) in the phagocytic Kupffer cells of the liver. Increased 

iron levels associated with 2–butoxyethanol-induced haemolysis produces liver oxidative damage and increased 

DNA synthesis in both endothelial cells and hepatocytes. It has been hypothesised that these events can 

contribute to the transformation of the endothelial cells to haemangiosarcomas in male mice.  

Also of note is that polihexanide caused an increased incidence of squamous cell carcinoma at the recto-anal 

junction at high exposure levels. The mode of action was considered to be chronic irritation and subsequent 

inflammation with regenerative hyperplasia at the recto-anal junction, indicating that polihexanide might exert 

(local) tumourgenicity at sites of contact at concentrations inducing an excessive inflammatory response. This 

postulated mode of action is supported by other studies demonstrating that polihexanide is an irritant and is poorly 

absorbed and therefore would be expected to accumulate in the rectum prior to expulsion. It is worth noting that 

iron deposition has been implicated in development of colorectal carcinoma in humans (Labropoulou et al., 2004).  

Overall conclusions 

Although there is evidence of liver tumours and squamous cell carcinoma at the recto-anal junction in rodents this 

is likely to be a rat specific effect not relevant to humans. In this regard, the following is noted: 

 tumours in rodents (mice, rats) were only seen at high doses with clear NOAELs (threshold for effect) 

demonstrated.  

 squamous cell carcinoma at the recto-anal junction was only seen in mice. 

 polihexanide is not genotoxic.  

 the dose at which carcinogenic effects were seen was greater than the maximum tolerated dose (MTD), as 

evidenced by low survival and severely reduced body weight gain.  

 the evidence is restricted to studies that demonstrate only promoting activity in narrow range of tissues or 

organs. 

Haemangiosarcoma in the liver in humans had been associated mainly with exposure to vinyl chloride and, to a 

much lesser extent, arsenic (Kielhorn et al., 2000). In humans, it is a rare malignant liver tumour and constitutes 

only 2% of all primary tumours of the liver. Epidemiological data collected from 1975–87 in England and Wales 

showed that there was an annual incidence of 1.4 cases per 10 million people. The genotoxic mode of action 

underlying the development of haemangiosarcoma in the liver by vinyl chloride is well established (Bolt, 2005; 

Dogliotti, 2006) but since polihexanide has not shown any evidence of genotoxic activity, it is unlikely that a similar 

mechanism exists for polihexanide. 

Even if similar epigenetic modes of action existed in rodents and humans, it is considered highly unlikely that 

occupational or public exposures would exceed threshold doses and risks to humans would be negligible.  

Therefore the OCS does not consider the tumours seen in rodents are relevant to a health risk to humans from the 

continued use of polihexanide containing products. 
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Human studies 

A dermal irritation study in human volunteers at polihexanide concentrations up to 1% (tested as a product 

‘Cosmocil CQ®’) for a 24 h period showed irritation in only one person of the 45 tested. It was not considered a 

skin irritant at this dose.  

Published studies on adverse reactions to polihexanide showed that allergic reactions to commercial strength 

products containing polihexanide are possible, but extremely uncommon. 

Patch-testing of a hospital disinfectant containing 2.5% polihexanide on pre-disposed individuals resulted in a skin 

sensitisation response in only 6 out of 1554 patients (0.4%). No adverse reactions were reported in 29 patients 

treated with 0.2% polihexanide as a pre-operative antiseptic for cataract surgery and was well tolerated by human 

corneal and conjunctival epithelium when used for the treatment of Acanthamoeba keratitis. 
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3  HEALTH STANDARDS 

ARfD and ADI there are no direct food uses for polihexanide and very limited potential for inadvertent 

contamination of food based on current Australian use patterns. On this basis, there is no grounds for 

establishing an acute ARfD or ADI/tolerable daily intake (TDI) for polihexanide.  

  Scheduling considerations 

Current scheduling status 

Polihexanide is currently in Schedule 5 of the Standard for the Uniform Scheduling of Medicines and 

Poisons (SUSMP) and preparations containing 5% or less of polihexanide are exempt from poisons 

scheduling. 

Polihexanide is also included in the SUSMP in Appendix F- Warning Statements and General Safety 

Directions for Poisons, Part 3–Poisons (other than agricultural and veterinary chemicals) to be labelled with 

warning statements or safety directions- with the following safety directions: 

1. Avoid contact with eyes.  

4. Avoid contact with skin.  

8. Avoid breathing dust (or) vapour (or) spray mist.  

These Safety Directions are specifically for uses other than agricultural or veterinary. 

Polihexanide scheduling history 

Polihexanide was considered in February and May 1977 by the National Drugs and Poisons Schedule 

Committee (NDPSC), which placed the chemical in Schedule 5. The Schedule entry was made as poly 

(hexamethylene biguanide) hydrochloride. Based on the Committee Minutes, toxicological data including 

carcinogenicity and developmental toxicity studies had been requested from an applicant seeking to market 

a polihexanide-based product in Australia.  

In November 1982, the applicant requested that polihexanide be exempted from Scheduling when present 

in preparations at less than 20%. The Committee did not accept the proposal because of concerns over 

‘equivocal’ results in developmental studies in rats, low survival rate in sub-acute oral studies in rats, and 

severe eye irritancy. But the NDPSC did agree to a 5% cut-off level, on the basis that polihexanide was not 

a skin or eye irritant at that concentration.  

In November 2000, the nomenclature of the Schedule 5 entry was amended from poly (hexamethylene 

biguanide) hydrochloride to polihexanide, but the chemical’s Scheduling status was not revised. At that 

time, the NDPSC had reviewed schedule entries in the SUSDP (now known as the SUSMP) which used 

chemical names and agreed to replace them with approved names. As a result, the SUSMP entry for poly 

(hexamethylene biguanide) hydrochloride was amended to reflect the WHO recommended International 

Nonproprietary Name (INN) which is polihexanide.  
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An interim decision published in February 2015 indicates that the delegates accepted the advice of the  

ACCS-ACMS to delete the current Schedule 5 entry for polihexanide and create a new entry in Schedule 6, 

with exemptions at 5% concentration and exempting therapeutic uses. 

Polihexanide is now in Schedule 6 of the SUSMP with exemptions for preparations containing 5% or less of 

polihexanide; or when packed and labelled for therapeutic uses. In addition, it is included in Appendix E, 

part 2 of the SUSMP, with the standard statement E1 (If in eyes wash out immediately with water). 

New poison schedule 

Polihexanide and those products containing polihexanide included in this review were considered at the 

joint committee meeting of the Advisory Committee on Chemical Scheduling (ACCS) and the Advisory 

Committee on Medical Scheduling (ACMS) in November 2014.  

An interim decision published in February 2015 indicates that the delegates accepted the advice of the 

ACCS-ACMS to delete the current Schedule 5 entry for polihexanide and create a new entry in Schedule 6, 

with exemptions at 5% concentration and exempting therapeutic uses.  

The delegates agreed with the implementation date being 1 June 2015. 

The matters under subsection 52E (1) of the Therapeutic Goods Act 1989 considered relevant by the 

delegate included: b) the purposes for which a substance is to be used and the extent of use of a 

substance and c) the toxicity of a substance. 

Schedule entry: 

Schedule 5–Delete 

POLIHEXANIDE except in preparations containing 5 per cent or less of polihexanide. 

Schedule 6–New entry 

POLIHEXANIDE except: 

a) in preparations containing 5 per cent or less of polihexanide; or 

b) when packed and labelled for therapeutic use. 

Appendix E, Part 2–New entry 

Poison Standard statements 

Polihexanide E1—If in eyes wash out immediately with water  
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4 SELECTION OF A NOAEL FOR WHS RISK ASSESSMENT 

 Use pattern for products 

Currently 19 products containing polihexanide are registered in Australia. These products can be divided 

into three groups – pool and spa products, veterinary products used for disinfection of equipment and 

animal housing, and veterinary products used for topical germicidal treatment. These product details along 

with the associated label approvals are outlined below in Table 7.  

Table 7: Polihexanide products registered in Australia as at January 2018 

APVMA 

Product 

code 

Product name Company 

Polihexanide 

content  

(pack size) 

Other active 

constituents 

Label 

approval 

numbers 

Pool and spa products  

48356 

 

HTL Bio-Blu Swimming 

Pool and Spa Water 

Treatment and Sanitiser 

HTL Pty Ltd 200 g/L 

(1 L, 2 L, 4 L) 

Nil 48356/107402 

48356/01 

49284 

 

King Neptune’s Ozone 

Clear Pool Sanitiser 

Isaac Technologies 

Pty Ltd 

200 g/L 

(1 L, 10 L) 

Nil 49284/1098 

57606 

 

Aquafresh by Lo-Chlor  

Pool Sanitiser 

M I International Pty 

Ltd T/A Lo-Chlor 

Chemicals 

200 g/L 

(1 L, 2.5 L, 5 

L, 25 L) 

Nil 57606/56365 

57606/0603 

59949 

 

Aquaspa By Lo-Chlor 

Spa Sanitiser 

M I International Pty 

Ltd T/A Lo-Chlor 

Chemicals 

20 g/L 

(500 mL) 

Nil 59949/0509 

59949/0408 

61106 

 

Clark Rubber Filtrite 

Sanit-Eezy for Family 

Pools Eezy Sanitiser 

Clark Rubber 

Franchising pty Ltd 

200 g/L 

(1 L, 2.5 L) 

Nil 61106/59508 

61106/0606 

 

64278 

 

Nature Spa Spa Water 

Treatment  & Sanitiser 

Enviro Spa & Pool 

Pty Ltd 

200 g/L 

(1 L, 2 L, 4 L) 

Nil 64278/0909 

64823 

 

Clark Rubber Filtrite 

Sanit-Eezy Eezy 

Sanitiser 

Clark Rubber 

Franchising pty Ltd 

200 g/L Nil 64823/50208 

66624 

 

Crystal Waters Spa 

Sanitiser 

M I International Pty 

Ltd T/A Lo-Chlor 

Chemicals 

20 g/L Nil 66624/56198 

66624/54048 

66943 

 

Crystal Waters Pool 

Sanitiser 

M I International Pty 

Ltd T/A Lo-Chlor 

Chemicals 

200 g/L Nil 66943/57122 

66943/54752 
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APVMA 

Product 

code 

Product name Company 

Polihexanide 

content  

(pack size) 

Other active 

constituents 

Label 

approval 

numbers 

68964 

 

Filtrite Sanit-Eezy Eezy 

Sanitiser for Spas Spa 

Sanitiser 

Clark Rubber 

Franchising pty Ltd 

20 g/L Nil 68964/59507 

82162 

 

Spa Soft Spa Sanitiser M I International Pty 

Ltd T/A Lo-Chlor 

Chemicals 

20 g/L Nil 82162/105117 

Veterinary products—surface, equipment, air space and animal housing disinfectants  

54149 F10SC Veterinary 

Disinfectant 

Health & Hygiene Pty 

Ltd 

4 g/L 

(1 L, 5 L, 25 L) 

Benzalkonium 

chloride 54 g/L 

54149/0502 

59720 

 

F10SCXD Veterinary 

Disinfectant Cleanser 

 

Health & Hygiene Pty 

Ltd 

4 g/L 

(100 mL,  

200 mL, 1 L,  

5 L 25 L) 

Benzalkonium 

chloride 54 g/L 

59720/1105 

 

59998 

 

Trigene II Virucidal 

Disinfectant Concentrate 

 

Ceva Animal Health 

Pty Ltd (formerly 

Delvet Pty Ltd) 

1.0 g/L 

(1 L, 5 L, 20 L) 

Didecyl dimethyl 

ammonium 

chloride (DDAC) 

75 g/L, 

benzalkonium 

chloride 50 g/L 

59998/0906 

 

62103 

 

Microtech 7000 General 

Purpose Disinfectant 

Chemetall 

(Australasia) Pty Ltd 

4 g/L 

(5 L, 20 L) 

Benzalkonium 

chloride 54 g/L 

62103/0508 

 

70073 

 

 Safe4 Disinfectant 

Cleaner Concentrate 

Safe4 All (Aust) Pty 

Ltd 

4 g/L Benzalkonium 

chloride 54 g/L 

70073/106951 

70073/62442 

Veterinary products—germicidal products for topical application  

58543 

 

F10 Germicidal 

Treatment Shampoo 

Health & Hygiene Pty 

Ltd 

0.3 g/L 

(250 mL, 500 

mL, 5 L) 

Benzalkonium 

chloride 4.05 

g/L 

58543/0207 

58543/0904 

58544 

 

F10 Germicidal Barrier 

Ointment 

Health & Hygiene Pty 

Ltd 

0.3 g/L 

(25 g, 100 g, 

500 g) 

Benzalkonium 

chloride 4.05 

g/L 

58544/1105 

58544/0904 

60080 Dermcare Otoflush Dermcare-Vet Pty Ltd 2 g/L 

(75 mL,  

125 mL,  

250 mL) 

Disodium edetate 

1.2 g/L 

60080/0407 
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Pool and spa products: 

The pool and spa polihexanide products are intended for use by professional and home owner applicators 

for sanitation of swimming pools/spas. For application, the products are initially applied at a start-up rate 

followed by maintenance rates added weekly. Products may be mixed in a bucket with water prior to 

broadcasting into the pool. Product labels also indicate the products are for pool use, but describe volumes 

as ‘pool or spa’ in the dosing table. 

Label directions for use quantities are summarised in Table 8. Most products are packed in 0.5, 1, 2, 2.5, 4, 

5, 10, 20 or 25 L plastic containers.  

For maintenance treatment, the products are added undiluted at a rate of up to 60 mL/10,000 L pool water. 

Pool capacities on the labels, range from 20,000 L to 150,000 L. Public pools have larger capacities, an 

Olympic size pool for example is 50 m x 25 m x 2 m = 250,000  L. 

Table 8: Recommended use rates for pool/spa products for various pool or spa sizes 

Situation 
Pool/spa volume 

(L) 

Maintenance dose rate In-use 

concentration 

HTL Bio-Blu: pool and spa 

Nature Spa Spa Water Treatment & 

Sanitiser 

60 mL/10,000 L weekly  

= 12 g polihexanide/10,000 L 

1.2 mg/L 

 

(0.00012%) 

King Neptune’s: pool and spa 20, 000  0.5 L 

(to give 5–10 

ppm/L active) 

 

0.0005%–

0.001% 

40,000  1.0 L 

60,000  1.5 L 

80,000  2 L 

100,000  2.5 L 

Aquafresh by Lo-Chlor Pool 

Sanitiser* 

 

Clark Rubber Filtrite Sanit-Eezy for 

Family Pools Eezy Sanitiser 

 

Clark Rubber Filtrite Sanit-Ezey Eezy 

Sanitiser  

 

Crystal Waters Pool Sanitiser  

60 mL/ 10,000 L weekly 

= 12 g polihexanide/10,000 L 

1.2 mg /L 

 

(0.00012%) 

30,000  180 mL or 36 g 

50,000 300 mL or 60 g 

75,000  450 mL or 90 g 

90,000 540 mL or 108 g 

120,000 720 mL or 144 g 

150,000 900 mL or 180 g 

Aquaspa By Lo-Chlor Spa Sanitiser 

Crystal Waters Spa Sanitiser 

60 mL/ 1000 L weekly 

= 1.2 g polihexanide/1000 L 

1.2 mg /L 

(0.00012%) 
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Situation 
Pool/spa volume 

(L) 

Maintenance dose rate In-use 

concentration 

Filtrite Sanit-Eezy Eezy Sanitiser for 

Spas Spa Sanitiser 

Spa Soft Sa Sanitiser 

1,000  60 mL or 12 g 

1,200 75 mL or 15 g 

1,600  100 mL or 20 g 

2,000 120 mL or 24 g 

* Label states is a pool sanitiser, but describes ‘pool or spa’ in volume table  under directions for use. 

Veterinary products—surface, equipment, air space and animal housing disinfectants 

Products 54149, 59720, 62103 and 70073 are liquid or soluble concentrates containing 4 g/L polihexanide 

(0.4%) and 54 g/L benzalkonium chloride (5.4%). They are intended as multipurpose disinfectants for all 

hard surfaces, equipment and airspaces for use by workers in the veterinary and pet care industries. 

Table 9: Recommended use rates for disinfectants containing 4 g/L (0.4% polihexanide) and  

54 g/L benzalkonium chloride (5.4%). 

Situation 
Dilution 

recommended 

Most concentrated in-use rate 
Comments 

Disinfection of hard 

surfaces and equipment 

1:125–1:1000 

water, (depending 

on micro-organism) 

Polihexanide = 0.03 g/L 

Benzalkonium chloride= 0.43 

g/L 

 

To be diluted as 

directed and 

applied as a wash 

or through a foamer 

or spray and left to 

air dry. 

Disinfection of air spaces To be diluted as 

directed and 

applied using an 

atomiser/fogger and 

left to dry. 

Product 59998 is a liquid concentrate containing 1.0 g/L (0.1%) polihexanide, as well as 75 g/L (7.5%) 

dodecyl dimethyl ammonium chloride (DDAC) and 50 g/L (5%) benzalkonium chloride. It is intended for the 

control of bacteria, fungi, viruses and bacterial spores in veterinary hospitals and animal accommodation, 

including food preparation areas and food and water bowls. Dilution rates for various functions are shown 

in Table 10. 
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Table 10: Recommended dose rates for  Trigene II Virucidal Disinfectant Concentrate (59998)  containing  

1.0 g/L (0.1%) polihexanide, 75 g/L (7.5%) dodecyl dimethyl ammonium chloride (DDAC) and 

50 g/L (5%) benzalkonium chloride 

Situation 
Dilution 

recommended 

Most concentrated in-use rate 
Comments 

General disinfection on non-

soiled surfaces 
1:100 

Polihexanide =0.01 g/L = 0.001% 

DDAC= 0.75 g/L 

Benzalkonium chloride = 0.5 g/L 

 

Disinfection and cleaning in 

the presence of soilage 

(following removal of 

organic material) 

1:50 

Polihexanide =0.02 g/L = 0.002% 

DDAC= 1.5 g/L 

Benzalkonium chloride = 1 g/L 

 

Disinfection in the presence 

of blood or other body fluids 
1:20 

Polihexanide ==0.05 g/L = 0.005% 

DDAC= 3.75 g/L 

Benzalkonium chloride = 2.5 g/L  

Rinse and dry after 

5 minutes 

Laundry soaking 1:20 Soak for 30 minutes 

Products 58543 and 58544 (F10 Germicidal Treatment Shampoo and F10 Germicidal Barrier Ointment) are 

topical treatments used in dogs, cats and horses against bacteria and fungi as a skin treatment and to 

prevent re-infection. They contain very low quantities of benzalkonium chloride (0.4%) and polihexanide 

(0.03%). These products are expected to be used for home veterinary treatment. 

Table 11: Recommended dose rates for home veterinary products, F10 germicidal barrier ointment 

(58544) and F10 germicidal treatment shampoo (58543) 

Situation 
Dilution 

recommended 

In use concentration 
Comments 

58544 F10 Ointment:  

To treat open and 

contaminated wounds 

Nil 
Polihexanide=0.03% 

Benzalkonium =0.4% 

Clean wound, apply a layer of 

ointment daily over entire 

wound site. 

F10 Shampoo: 

As a skin treatment and to 

prevent re-infestation 
Nil 

Polihexanide=0.03% 

Benzalkonium =0.4% 

 

Apply to wet hair and lather. 

Leave 10–15 min and wash off. 

Repeat every second day or as 

directed by vet until skin 

condition cleared 

Dermcare Otoflush (No. 60080) is a liquid containing 2.0 g/L polihexanide and 1.2 g/L disodium edetate 

(EDTA). It is intended to be used undiluted to clean the ear canal of dogs by, or under the direction of, a 

veterinarian. Veterinarians may use the product as an irrigation solution for clinical ear cleaning and 

flushing procedures. Pet owners are considered likely to use this product one or twice daily when using the 

product to treat ear infections, or once weekly for maintenance cleaning. Veterinarians may use the product 

more frequently when treating multiple animals in a day, but the procedure is expected to be of short 

duration. Therefore, the exposure is likely to be short-term. 
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 NOAEL for occupational and residential risk assessment 

To determine the risk from repeated exposure to a product, a Margin of Exposure (MOE) can be calculated 

by dividing a NOAEL from a suitable repeat-dose study on polihexanide with the observed or estimated 

exposures based on label use rates.  

Based on the likely exposure route and use pattern of the products, the most suitable NOAEL for risk 

assessment at the time of using the product would normally be from repeat-dose dermal studies. The 

chronic dermal study in mice (80–wk) is not considered suitable for this purpose as the possibility of oral 

ingestion cannot be ruled out and the dosing as ‘per mouse’ reduces the accuracy of the NOAEL (Clapp, 

1990). The short-term dermal study in mice (21–day, 6 h/day) did not show any systemic effects at 200 

mg/kg bw/d (Lees & Leah, 1993) and this study would seem to be a more appropriate basis to select a 

NOAEL for OHS risk assessment purposes. 

No dermal absorption studies on polihexanide were available. However, based on the certainty that dermal 

absorption could be no greater than the level of gastrointestinal absorption (2.3–7.8%) a level of dermal 

absorption is conservatively estimated to be 8%. 

In the case of residential exposure to polihexanide present in pool or spa water, the most likely exposure 

routes are dermal and oral. In the case of potential dermal exposure, the NOAEL used for occupational risk 

assessment purposes is appropriate for evaluating dermal exposure. In the case of oral exposure, the 

NOAEL of 20 mg/kg bw per day for maternal and fetal toxicity in the rabbit developmental toxicity study 

(Brammer 1993) is a suitable benchmark against which to compare residential exposure to polihexanide via 

the oral route. It is noted that a lower NOAEL was obtained in the 6–month dog study by Griffiths (1966b) 

but due to a number of limitations to the study design and the relatively long duration of exposure 

(residential exposure would not occur daily for 6 months of the year) it was not considered appropriate for 

risk assessment purposes.  

Consideration of other actives in polihexanide containing products 

It is noted that some registered polihexanide-containing products also contain other active constituents 

(glycolic acid, benzalkonium chloride and didecyldimethylammonium chloride -DDAC). These other active 

constituents are already found in a wide variety of consumer products including cosmetics and medicines 

and therefore the contribution that these compounds present in polihexanide-containing products make to 

total human exposure is qualitatively very low. For example, benzalkonium chloride is a common ingredient 

in many products including cosmetics, shampoos, mouth wash and throat lozenges (the latter resulting in 

short-term exposures of 6–16 mg/d). The Therapeutic Goods Administration lists benzalkonium chloride as 

an excipient among the ‘Substances that may be used in listed medicines in Australia’, but it is approved 

only in products for topical or nasal administration and the concentration must not exceed 5%. It is present 

at 5 and 5.4% in the concentrated veterinary disinfectants. Glycolytic acid is used cosmetically in topical 

preparations (4–60% pH 1.5–4.5 salon strength, 0.01–20% pH 3.0–6.6 cosmetic products, NICNAS, 2000). 

It also naturally occurring in food with an estimated average daily intake from dietary sources around 68 mg 

(1.1 mg/kg bw/d) for a 60 kg adult (NICNAS, 2000).  
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While the scope of the polihexanide review, including the current WHS risk assessment, does not 

specifically extend to these other compounds it should be noted that safety directions established for all 

currently registered polihexanide products are based on the combined toxicity of the formulation (ie all the 

active and non-active constituents).
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5 EXPOSURE ASSESSMENT 

 Exposure study data relevant to proposed products 

No worker exposure studies on polihexanide are available and therefore estimates of occupational and 

bystander exposure will be made using the Pesticide Handlers Exposure Database (PHED) Surrogate 

Exposure Guide (1998). 

 Occupational exposure 

Workers treating pools and spas may be exposed to polihexanide through dermal or ocular contact with the 

undiluted product when adding it either directly into the pool/spa water or into a bucket of water before 

addition to pool/spa water. Due to the small quantity of product handled (around 1 L for a large pool) and 

the low vapour pressure of polihexanide, inhalational exposure is expected to be minimal. Workers using 

the veterinary disinfectant products are likely to be exposed via the dermal and inhalation routes, as the 

products are diluted and used as wash or soaker, as well as a spray or fogger, although at this stage the 

product is diluted with water (minimum 1:20 for one product and 1:125 for the other). Eye contact is also 

possible from splashes when pouring the concentrated product, or when using the diluted product as a 

spray or wash. Workers handling the product for cleaning milking machines will be involved in diluting the 

product in water (20 mL/10 L water) and this will then be run through the milking machine with limited 

contact by the worker. Therefore the exposure is expected to be dermal and ocular. Therefore, dermal and 

inhalation NOAELs are the ideal basis for the worker risk assessment of polihexanide.  

Exposure during use 

Pool and spa products 

In the absence of specific worker exposure data on polihexanide and based on the information provided in 

the product labels, the PHED Surrogate Exposure Guide was used (1998) to estimate worker exposure to 

the three pool and spa products containing 200 g/L polihexanide. The only scenario which could be 

modelled using PHED was swimming pool treatment.  

The following parameters and assumptions were used in the exposure estimate: 

 dermal absorption of polihexanide 8%; 

 inhalation absorption of polihexanide of 100%; 

 70 kg body weight for an average worker; and 

 NOAEL of 200 mg/kg bw/d from a 21–day dermal toxicity study conducted in rats 

In the absence of additional information, it is assumed a professional worker in the pool industry may be 

employed to perform maintenance, including tasks such as cleaning and adding pool chemicals to 

domestic pools. Allowing for the time taken to travel between properties and to conduct other activities 

other than adding pool chemicals, it is estimated up to 5 pools could be treated in a day. At 60 mL/10,000 L 

of water and an average pool size of 100,000 L, this is 600 mL of product per pool, or 120 g of 

polihexanide. Per day, a worker treating 5 pools may handle 0.6 kg of polihexanide. Workers employed by 
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public pools may also handle the product, but this is expected to result in lower exposure as it would only 

be weekly. It is assumed that workers involved in pool maintenance would not routinely be wearing long 

pants and long sleeves.  

Exposure to the concentrated product entails pouring the product into a measuring vessel prior to adding it 

either to the pool or spa or into a bucket where it is mixed with water prior to pouring into the pool/spa. 

Therefore exposure is only expected when opening the container and pouring the product, therefore the 

following scenario from PHED were used to estimate worker exposure to the product: 

PHED Scenario 3: All liquids, open mixing/loading 

High confidence data, no protective clothing, no gloves: 75–122 dermal replicates (AB grade), 53 hand 

replicates (AB grade). 

High confidence data, single layer, gloves: 72–122 dermal replicates (AB grade), 53 hand replicates (AB 

grade). 

High confidence data, inhalation exposure: 85 replicates (AB grade).  

NB. The addition of gloves to the ‘no clothes’ scenario in PHED was performed by modifying the bare hands 

exposure (2.84) to that of the gloved exposure (0.00671) for this scenario.  

Table 12: Exposure during mixing/loading of polihexanide products 

Estimate Clothing Systemic exposure to polihexanide (mg/kg bw/d)* 

 

Mixer/loader 

dermal 

Applicator 

dermal 

Mixer/doader 

inhalation 

Applicator 

inhalation 

Total 

exposure* 

(Scenario 3): All 

liquids, open 

mixing/loading 

No 

clothes 0.0046 – 0.0000 – 
0.0046 

 

No 

clothes, 

gloves 

0.0005  0.0000  0.00059 

 * Total exposure to active. ‘No clothes’ is an estimate for a user with no protective clothing. Exposure values 

were based on person of 70 kg bw, 8% dermal absorption factor and a 100 % default inhalational absorption 

factor, NOAEL of 200 mg/kg bw/d (from a dermal toxicity study).  

Contact with treated water is expected to result in low exposure that is not of concern for workers (see 

Section 0 for swimmers exposed to treated water for up to 5 hours). 

Veterinary disinfectants: 

Workers in the veterinary environment or animal accommodation industry may be exposed to these 

products daily. The products are diluted before use as washes, soaks, sprays and one as an 

atomiser/fogger. It is unknown if workers would be handling the concentrated product daily, or preparing 

bulk quantities less frequently. Likewise, it is unknown how much of the product a worker may be exposed 

to daily. The table below shows the amount of actives in 1L of product diluted to the minimum concentration 

stated on the product label.  
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Table 13: Veterinary disinfectant dilution rates 

 Minimum dilution from 

label 

Amount of active in 

1 L of diluted 

product 

Trigene II virucidal disinfectant concentrate 1:20 = 50 mL of product in 

1 L 

 

Polihexanide 1.0 g/L  0.05 g/L 

F10 SC veterinary disinfectant 1:125 = 8 mL of product in 

1 L 

 

Polihexanide 4.0 g/L  0.03 g/L 

One litre of diluted product may therefore contain up to 0.05 g of polihexanide (0.00005 kg). Considering 

the exposures previously calculated for a pool worker handling 0.6 kg of polihexanide a day (open mixing 

loading (MLOD) of a liquid product), to achieve a similar level of exposure for a worker using the veterinary 

disinfectants, they would need to be exposed to a large amount of the product (sufficient to make up 

12,000 L). This is clearly unrealistic. Repeat exposure to polihexanide from the veterinary disinfectants is 

therefore not of concern. 

Table 14: Exposure during mixing/loading and application by backpack of veterinary disinfectant product 

(Trigene II virucidal disinfectant concentrate) 

 

Estimate 

 

Clothing 

Systemic exposure to polihexanide (mg/kg bw/d)* 

 

Mixer/loader 

dermal 

Applicator 

dermal 

Mixer/loader 

inhalation 

Applicator 

inhalation 

Total 

exposure* 

Scenario 3: All 

liquids, open 

mixing/loading 

 

+ 

 

Scenario 20: 

Backpack 

application 

No clothes 0.0007 0.1606 0.0000 0.0001 0.1614 

Single layer 0.0007 0.1140 0.0000 0.0001 0.1148 

Single layer, 

gloves 0.0000 0.0554 0.0000 0.0001 0.0554 

Single layer, 

gloves + 

overalls + hat 0.0000 0.0114 0.0000 0.0001 0.0115 

* Total exposure to active. ‘No clothes’ is an estimate for a user with no protective clothing. Exposure values 

were based on person of 70 kg bw, 8% dermal absorption factor and a 100 % default inhalational absorption 

factor, NOAEL of 200 mg/kg bw/d (from a 21–day dermal toxicity study).  

** Dermal exposure is calculated from high confidence ‘no clothes’ data, by assuming 50% protection for a 

single layer and 90% dermal protection for the hands from gloves.  

Veterinary disinfectants contain 0.4% or 1% polihexanide. Based on the product formulations, the PPE 

required for the acute hazards of the product (slight skin irritation and severe eye irritation) is considered 

protective of possible risks from repeated exposures over time.  
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 Public exposure 

Public exposure is expected from some products including during use of the home veterinary products (a 

shampoo and ointment) and exposure to the pool/spa products both during use and when bathing in 

treated water (considered under Section 0: Public post-application exposure). 

Exposure during use 

Swimming pool and spa products 

Based on an estimation of the toxicity, the pool/spa products have the potential to be severely irritating to 

the eyes and slightly irritating to the skin. In addition, the products may be skin sensitisers.  

Veterinary topical products 

The two home veterinary products, F10 Germicidal Barrier Ointment and F10 Germicidal Treatment 

Shampoo, contain very low amounts of the actives (polihexanide (0.03%) and benzalkonium chloride 

(0.4%)). Due to the low concentration and the short-term nature of use of the products, the risk from repeat 

exposure is expected to be negligible. It is expected that during use the public will be exposed mainly by 

the dermal route but eye contact is also possible, particularly for the shampoo product. The products are 

non-irritating to the skin and are not expected to be skin sensitisers. The shampoo is expected to be slight 

eye irritant. 

Considering the exposures calculated for a pool worker handling 0.6 kg of polihexanide a day (open mixing 

loading (MLOD) of a liquid product (Sections 0 and 0 of main report), to achieve a similar level of exposure 

for a worker using the veterinary ear cleaner, they would need to be exposed to a large amount of the 

product (300 L). This is clearly unrealistic.  

Based on the presentation and use pattern of the products, and the concentration of polihexanide, the level 

of exposure of veterinarians or pet owners/handlers to polihexanide, even via inadvertent contact is likely to 

be qualitatively extremely low. Re-handling a treated animal is considered unlikely to pose a health concern 

as the amount of polihexanide retained on the animal is considered likely to be very small. The ear 

cleansing product (60080) also contains another active constituent, disodium edetate (EDTA). EDTA and 

its salts are considered safe for use in food, cosmetics and agricultural/residential uses. Exposure to EDTA 

in this products is likely to be negligible. 

Other routes of exposure 

Due to the use pattern of these products, bystander exposure is considered highly unlikely, and exposure 

to treated pool/spa water is addressed under public post-application exposure (Section 0). 

 Post-application exposure 

The use of polihexanide containing pool/spa sanitisers will result in public exposure to polihexanide while 

bathing in treated pools and spas.  
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Public post-application exposure 

Exposure to polihexanide from bathing in swimming pools and spas.  

Dermal exposure assessment 

The public exposure assessment is based on the SWIMODEL developed by the US EPA as a screening 

tool to conduct exposure assessments of chemicals found in swimming pools and spas. The SWIMODEL 

uses exposure assessment equations to calculate the total worst-case exposure for swimmers expressed 

as a mass-based intake value (mg/kg bw/d). The model focuses on potential chemical intakes only and 

does not take into account metabolism or excretion of the chemical of concern. Although, the actual model 

was not used in this assessment, the same equations and default parameters as provided in the 

SWIMODEL User's Manual (version 3.0) were used to estimate post-application dermal and incidental oral 

exposures.  

The following equation was used to develop dermal doses: 

Dose = ET x SA x Kp x C  

where: 

Dose  = Daily dose from pools, (mg/kg bw/d), 

C  = Chemical concentration in pool water (mg/L), 

Kp = Permeability constant (cm/h), 

SA  = Surface area (cm2), 

ET  = Exposure time (h/d), 

The C and Kp parameters are chemical specific values whereas, the remaining parameters are based on 

the default values provided in the SWIMODEL 3.0. The label rate of 1.2 mg/L was used as the polihexanide 

pool water concentration and the permeability constant of 5 x 10-6 cm/h is a default value quoted in the US 

EPA preliminary Risk Assessment for RED (2004a). It should be noted that since the permeability constant 

provides estimates of an internal dose from the dermal route of exposure, the oral toxicity endpoint rather 

than the dermal toxicity endpoint is used to assess the risks from dermal exposure in swimming pools. The 

assumed surface area presented in the SWIMODEL is 1.82 m2 for adults, 1.42 m2 for children (age 11–14 

years), and 1.04 m2 for children (age 7–10 years). The assumed body weight is 70 kg for adults, 48 kg for 

children (age 11–14 years), and 30 kg for children (age 7–10 years). Since information of exposure time is 

not available in Australia, exposure time for non-competitive swimmers is based on data provided in the US 

EPA’s Exposure Factors Handbook (1997) whereas competitive swimmer exposure time data are based on 

the Agency’s review of the American Chemistry Council (ACC) study (ACC, 2002). The dermal doses for 

competitive and non-competitive adults, children 7–10 yrs, and children 11–14 yrs are presented in the 

table below. The parameters used to calculate the dermal exposure are also included in this table. 
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Table 15: Parameters for dermal swimming exposure and dose estimate 

Dermal Adult Adult Child 

(7–10 yrs) 

Child 

(7–10 yrs) 

Child 

(11–14 

yrs) 

Child 

(11–14 

yrs) 

Type of swimmer competitive non-

competitive 

competitive non-

competitive 

competitive non-

competitive 

C (mg/L) 1.2 1.2 1.2 1.2 1.2 1.2 

Kp (cm/h) 5 x 10–6 5 x 10–6 5 x 10–6 5 x 10–6 5 x 10–6 5 x 10–6 

ET (h/d) 3 5 1 5 2 3 

SA (cm2) 1.82 x 104 1.82 x 104 1.04 x 104 1.04 x 104 1.42 x 104 1.42 x 104 

BW (kg) 70 70 30 30 48 48 

Dose (mg/kg/d) 4 x 10–6 6.7 x 10–6 1.8 x 10–6 9 x 10–6 3 x 10–6 4.5 x 10–6 

Ingestion assessment  

The following equation was used to develop ingestion doses: 

Dose = ET x IR x C  

where: 

Dose  = Daily dose from pools (mg/kg bw/d), 

C = Chemical concentration in pool water (mg/L), 

IR  = Ingestion rate of pool water (L/h), 

ET  = Exposure time (h/d), 

The polihexanide concentration in pool water was calculated from the Australian label rates. The ingestion 

rates used in the SWIMODEL 3.0 are based on the values used in US EPA’s Residential SOPs (US EPA, 

2000) and an EPA pilot study as discussed in ACC’s swimmer survey (ACC, 2002). The rest of the 

assumptions used in calculating the ingestion dose for competitive and non-competitive adults and children 

(7–10 yrs and 11–14 yrs) are presented in Table 16 and are consistent with the assumptions used in the 

dermal assessment. 
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Table 16: Parameters for swimming ingestion exposure and dose estimate 

Dermal Adult Adult Child 

(7–10 yrs) 

Child 

(7–10 yrs) 

Child 

(11–14 yrs) 

Child 

(11–14 yrs) 

Type of swimmer compet

itive 

non-

competit

ive 

competitive non-

competitive 

competitive non-

competitive 

C (mg/L) 1.2 1.2 1.2 1.2 1.2 1.2 

IR (L/h) 0.0125 0.025 0.05 0.05 0.025  0.025 

ET (h/d) 3 5 1 5 2 3 

BW (kg) 70 70 30 30 48 48 

Dose (mg/kg bw/d) 0.0005 0.002 0.002 0.008 0.001 0.003 

Inhalational assessment  

Exposure via the inhalation route is expected to be negligible due to both the low concentration of 

polihexanide in treated pool and spa water, and its low vapour pressure.  

Occupational post-application exposure 

Post application exposure to workers from application of swimming pool chemicals is unlikely, and in any 

event would not be greater than exposures to pool users (6.4.1).
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6 RISK ASSESSMENT  

 Occupational risk assessment 

This assessment does not address worker exposure and risk during manufacture/formulation. Individual 

premises, manufacturing/formulation processes and exposure control measures may vary within 

workplaces. However, they are expected to follow good manufacturing practices, and have adequate 

quality control and exposure monitoring and risk control measures which are under the jurisdiction of the 

states and territories. 

Risk from repeat exposure 

Occupational risk during use of pool and spa products 

Since the NOAEL will usually be based on a laboratory animal study, a margin of exposure (MOE) of 100 

or above are usually considered to be acceptable. The MOE takes into account both interspecies 

extrapolation and intraspecies variability. 

MOE estimates for the product are shown in Table 17. 

The use of the product without gloves returned a MOE of 17 (Table 17). Therefore, the dermal exposure is 

considered unacceptable when gloves are not used. Conversely, when gloves are used, even without long 

pants and long sleeves, the dermal exposure is deemed acceptable. Repeated exposure through the 

inhalation route is not of concern for these products. 

Table 17: MOE estimates for workers during mixing/loading of polihexanide pool and spa products 

Estimate Clothing MOE* 

 Mixer/loader 

dermal 

Applicator 

dermal 

Mixer/loader 

inhalation 

Applicator 

inhalation 

Total MOE 

(Scenario 3): All 

liquids, open 

mixing/loading 

No 

clothes 
17 – 26460 – 17 

No 

clothes, 

gloves 

169 – 26460 – 169 

* Based on a NOAEL of 200 mg/kg bw/d.  

Risk from re-entry 

Contact with treated pool/spa water is expected to result in low exposure that is not of concern for workers 

(see ‘Section 0’ for swimmers exposed to treated water for up to 5 hours). 
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 Public risk assessment 

Risks associated with product use (domestic) 

Pool/spa products:  

Repeat-dose risks were analysed for workers in the pool industry treating five pools a day (see 5.2: 

Occupational Exposure, 6.1: Occupational risk assessment). This was found to result in acceptable risk 

with the use of gloves. As pool owners are expected to be only handling the concentrated product once a 

week, exposure will be much less and therefore not of a concern from a repeat-dose perspective. The pool 

products are severe eye irritants, slight skin irritants and skin sensitisers. 

Veterinary topical products: 

The topical veterinary products are unlikely to present any repeat dose risks due to the very low exposure 

to active constituents and the likely short-term nature of treatment. The extrapolated acute toxicity for both 

the ointment and shampoo indicate they are of low acute oral and dermal toxicity and are non-irritating to 

the skin. The ointment is also non-irritant to the eye, whereas the shampoo product is a slight eye irritant. 

Post-application risks 

Bathing in treated pools and spa 

The public may be exposed to polihexanide when swimming/bathing in treated pools and spas. 

Dermal route 

Dermal exposure to polihexanide in swimming pool water was calculated above. These doses are 

assessed using the dermal NOAEL of 200 mg/kg bw per day. The calculated MOEs for each age group 

were much higher than 100 (Table 18). This indicates that the risk from the dermal route of exposure from 

treated swimming pools is not of concern (MOE > 100) for the post-application scenarios. 

Table 18: MOE’s calculated for dermal exposure when using polihexanide treated pools 

Dermal Adult Adult Child 

(7–10 yrs) 

Child 

(7–10 yrs) 

Child 

(11–14 yrs) 

Child 

(11–14 yrs) 

Type of 

swimmer 

competitive non-

competitive 

competitive non-

competitive 

competitive non-

competitive 

Dose 

(mg/kg/d) 

4 x 10-6 6.7 x 10-6 1.8 x 10-6 9 x 10-6 3 x 10-6 4.5 x 10-6 

NOAEL 200 200 200 200 200 200 

MOE 5 x 107 3 x 107 1.1 x 107 2.2 x 107 6.7 x 107 4.4 x 107 

In addition to toxicity through the dermal route, the concentrated products are potential skin sensitisers. 

However, at the dilution rate in pool or spa water, skin sensitisation is not of concern. 
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Oral route 

Oral exposure to polihexanide in swimming pool water was calculated in Section 5.4. Ingestion of 

polihexanide from swimming pool water is assessed using the oral NOAEL of 20 mg/kg bw/d from the 

target MOE is 100 [(MOE = NOAEL mg/kg/d/ Dose (mg/kg/d)]. The calculated MOEs for each age group 

were equal to or greater than 2500, indicating that the risk from the oral route of exposure from treated 

swimming pools is not of concern (MOE > 100) for the post-application scenarios (Table 19).  

Table 19: MOE’s calculated for oral exposure when using polihexanide treated pools 

Dermal Adult Adult Child 

(7–10 yrs) 

Child 

(7–10 yrs) 

Child 

(11–14 yrs) 

Child 

(11–14 yrs) 

Type of swimmer competitive non-

competitive 

competitive non-

competitive 

competitive non-

competitive 

Dose (mg/kg/d) 0.0005 0.002 0.002 0.008 0.001 0.003 

NOAEL 20 20 20 20 20 20 

MOE 40,000 10,000 10,000 2,500 20,000 6,667 

In addition, a swimmer would be expected to be exposed to polihexanide through both the dermal and oral 

routes simultaneously when using a treated pool. However as the calculated MOE’s for both routes are 

sufficiently large, the combined exposure is not of concern. 

Inhalation route 

Exposure via the inhalation route is expected to be negligible at the in-use concentration.  

Bystander risks associated with product use 

Bystander exposure is not considered a relevant route of exposure for these products.
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7 RISK MANAGEMENT 

 Occupational and public health risk management 

First aid instructions 

Due to differences in the concentrations and active constituents in the products, the products included in 

this report require different first aid instructions.  

The pool and spa products 48356, 49284, 57606, 61106, 64278, 64823 and 66943 require the following 

standard statement: 

Code Instruction 

a,s If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 1 31126; 

New Zealand 0800 764 766. If in eyes, hold eyes open, flood with water for at least 15 minutes 

and see a doctor. 

The spa sanitising products 59949, 66624, 68964 and 82162 require the following standard statement. 

Code Instruction 

z First aid is not generally required. If in doubt, contact a Poisons Information Centre ( eg phone 

Australia 13 11 26; New Zealand 0800 764 766) or a doctor.  

The Veterinary Disinfectants 54149, 59720, 62103 and 70073 are in Schedule 5 of the SUSMP due to 

the benzalkonium chloride concentration. These products require the following standard statement.  

Codes  Instructions 

a, c If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 131126; 

New Zealand 0800 764 766. If swallowed, do NOT induce vomiting. Give a glass of  water. 

The veterinary disinfectant 59998 is in Schedule 6 of the SUSMP due to the DDAC concentration, and 

requires the following standard statements.  

Codes  Instructions 

a, c, f, s If poisoning occurs, contact a doctor or Poisons Information Centre. Phone Australia 

131126; New Zealand 0800 764 766. If swallowed, do NOT induce vomiting. Give a glass 

of water. If skin contact occurs, remove contaminated clothing and wash skin thoroughly. If 

in eyes, hold eyes open, flood with water for at least 15 minutes and see a doctor.  
 

For the germicidal products 58543 and 58544, benzalkonium chloride is present at less than the scheduling 

cut-off, and therefore does not require additional first aid instructions. The following standard statement is 

considered appropriate.  
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Code Instruction 

z First aid is not generally required. If in doubt, contact a Poisons Information Centre ( eg phone 

Australia 13 11 26; New Zealand 0800 764 766) or a doctor.  

 

Similarly, as the veterinary ear cleaning product 6008 is not scheduled, and requires the following standard 

statement.  

Code Instruction 

z First aid is not generally required. If in doubt, contact a Poisons Information Centre ( eg phone 

Australia 13 11 26; New Zealand 0800 764 766) or a doctor.  

Safety directions 

The acute toxicity extrapolation combined with the risk assessment (Section 7) describes the PPE required 

to protect against acute and repeat-dose effects.  

The product safety directions in Tables 20 have been derived to ensure that use of the products will not 

result in undue harm to workers using the products. These safety directions will be listed in the First Aid 

Instructions and Safety Directions (FAISD) handbook and will be required on the products labels. 

Table 20: Derivation of the safety directions for pool and spa products  

APVMA 

Product 

code 

Safety Directions  
 

Code 

Pool and spa products 

48356 

49284 

57606 

61106 

64278 

64823 

66943 

 

May irritate the skin. Will damage the eyes. Repeated exposure may 

cause allergic disorders. Avoid contact with eyes and skin. When 

opening the container and using the product, wear rubber gloves. 

Wash hands after use. After each day’s use wash gloves.  

160 164 207 162 180 

210 211 279 280 283 

290 297 312 340 343 

351 360 361 363 

59949 

66624 

68964 

82162 

Wash hands after use. 351 

Disinfectants 

54149 Harmful if swallowed. May irritate the eyes and skin. Repeated 

exposure may cause allergic disorders. Avoid contact with eyes and 

129 133 160 162 164 

180 210 211 279 280 
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APVMA 

Product 

code 

Safety Directions  
 

Code 

59720 

62103 

70073 

skin. When opening the container and preparing the product for use, 

wear elbow length chemical resistant gloves. Wash hands af ter use. 

After each day’s use wash gloves.  

285 290 294c 351 

360 361 

59998 Harmful if swallowed. Product will damage eyes, nose, throat and skin. 

Avoid contact with eyes and skin. When opening the container and 

using the product wear rubber gloves. Wash hands after use.  

129 133 120 207 162 

163 164 210 211 279 

280 283 290 312 330 

332 340 342 340 343 

351 

Germicides for topical application  

58543 

58544 

 

Harmful if swallowed. May irritate the eyes. Avoid contact with eyes. 

Repeated exposure may cause allergic disorders. Wash hands after 

use. 

129 133 160 162 180 

210 162  351 

Ear cleanser 

60080 Wash hands after use. 351 
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APPENDIX II:  STANDARD TEST PARAMETERS 

Haematology Clinical chemistry Urinalysis 

Activated Partial Thromboplastin Time 

Erythrocyte Count 

Haematocrit  

Haemoglobin 

MCV 

MCH 

MCHC 

Leucocyte Count (total and differential)  

Platelet Count 

Prothrombin Time 

 

Alanine Aminotransferase 

Albumin 

Alkaline Phosphatase 

Aspartate Aminotransferase 

Bilirubin (total) 

Blood/Serum Urea Nitrogen 

Calcium 

Chloride 

Cholesterol 

Creatinine 

Globulin 

Glucose 

Potassium 

Phosphorous 

Protein (total) 

Sodium 

Triglycerides 

Lactate dehydrogenase 

Bilirubin 

Colour 

Glucose 

Ketones 

Microscopic Sediment 

Occult Blood 

PH 

Protein 

Specific Gravity 

Turbidity 

 

 

Urine chemistry Organs weighed Tissues examined histopathologically  

Calcium 

Chloride 

Creatinine 

Creatinine Ratio (protein: 

urinary) 

Fractional Clearance of: 

  Calcium 

  Chloride 

  Phosphorous 

  Potassium 

  Sodium 

Phosphorous 

Potassium 

Adrenals 

Brain 

Kidneys 

Liver 

Pituitary 

Thyroid and parathyroid 

Lungs 

Heart 

Thymus 

Spleen 

Testes/ovaries 

Epididymides 

Prostate 

Adrenal Gland(s) 

Aorta 

Brain 

Caecum 

Cervix 

Colon 

Duodenum 

Epididymis (ides) 

Eye (s) 

Fallopian Tubes 

Femur (and marrow) 

Gall Bladder 

Heart 

Ovary (ies) 

Pancreas 

Parathyroid Gland 

Pituitary Gland 

Prostate Gland 

Rectum 

Salivary Gland 

Sciatic Nerve 

Seminal Vesicle(s) 

Skeletal Muscle 

Skin 

Spinal Cord 

Spleen 
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Urine chemistry Organs weighed Tissues examined histopathologically  

Protein 

Sodium 

 

 

Uterus 

Salivary gland 

 

Ileum 

Jejunum 

Kidney (s) 

Liver 

Lung (s) 

Lymph Node (s) 

Mammary Gland (s) 

Oesophagus 

Optic Nerve (s) 

Sternum (and marrow) 

Stomach 

Testis (es) 

Thymus Gland 

Thyroid Gland (s) 

Trachea 

Urinary Bladder 

Uterus 

Vagina 
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APPENDIX III: AUSTRALIAN REGISTERED PRODUCTS CONTAINING 
POLIHEXANIDE UNDER REVIEW 

APVMA 

Product 

code 

Product name Company 

Polihexanide 

content  

(pack size) 

Other active 

constituents 

Label 

approval 

numbers 

Pool and spa products  

48356 

 

HTL Bio-Blu Swimming Pool 

and Spa Water Treatment 

and Sanitiser 

HTL Pty Ltd 200 g/L 

(1 L, 2 L, 4 L) 

Nil 48356/107402 

48356/01 

49284 

 

King Neptune’s Ozone Clear 

Pool Sanitiser 

Isaac 

Technologies Pty 

Ltd 

200 g/L 

(1 L, 10 L) 

Nil 49284/1098 

57606 

 

Aquafresh by Lo-Chlor  Pool 

Sanitiser 

M I International 

Pty Ltd T/A Lo-

Chlor Chemicals 

200 g/L 

(1 L, 2.5 L, 5 L, 

25 L) 

Nil 57606/56365 

57606/0603 

59949 

 

Aquaspa By Lo-Chlor Spa 

Sanitiser 

M I International 

Pty Ltd T/A Lo-

Chlor Chemicals 

20 g/L 

(500 mL) 

Nil 59949/0509 

59949/0408 

61106 

 

Clark Rubber Filtrite Sanit-

Eezy for Family Pools Eezy 

Sanitiser 

Clark Rubber 

Franchising pty 

Ltd 

200 g/L 

(1 L, 2.5 L) 

Nil 61106/59508 

61106/0606 

64278 

 

Nature Spa Spa Water 

Treatment  & Sanitiser 

Enviro Spa & Pool 

Pty Ltd 

200 g/L 

(1 L, 2 L, 4 L) 

Nil 64278/0909 

64823 

 

Clark Rubber Filtrite Sanit-

Eezy Eezy Sanitiser 

Clark Rubber 

Franchising pty 

Ltd 

200 g/L Nil 64823/50208 

 

66624 

 

Crystal Waters Spa 

Sanitiser 

M I International 

Pty Ltd T/A Lo-

Chlor Chemicals 

20 g/L Nil 66624/56198 

66624/54048 

66943 

 

Crystal Waters Pool 

Sanitiser 

M I International 

Pty Ltd T/A Lo-

Chlor Chemicals 

200 g/L Nil 66943/57122 

66943/54752 

68964 

 

Filtrite Sanit-Eezy Eezy 

Sanitiser for Spas Spa 

Sanitiser 

Clark Rubber 

Franchising pty 

Ltd 

20 g/L Nil 68964/59507 

82162 

 

Spa Soft Spa Sanitiser M I International 

Pty Ltd T/A Lo-

Chlor Chemicals 

20 g/L Nil 82162/105117 



62 HUMAN HEALTH RISK ASSESSMENT OF POLIHEXANIDE 

 

APVMA 

Product 

code 

Product name Company 

Polihexanide 

content  

(pack size) 

Other active 

constituents 

Label 

approval 

numbers 

Veterinary products—surface, equipment, air space and animal housing disinfectants  

54149 F10SC Veterinary 

Disinfectant 

Health & Hygiene 

Pty Ltd 

4 g/L 

(1 L, 5 L, 25 L) 

Benzalkonium 

chloride 54 g/L 

54149/0502 

59720 F10SCXD Veterinary 

Disinfectant Cleanser 

Health & Hygiene 

Pty Ltd 

4 g/L 

(100 mL,  

200 mL, 1 L,  

5 L 25 L) 

Benzalkonium 

chloride 54 g/L 

59720/1105 

59998 Trigene II Virucidal 

Disinfectant Concentrate 

Ceva Animal 

Health Pty Ltd 

(formerly Delvet 

Pty Ltd) 

1.0 g/L 

(1 L, 5 L, 20 L) 

Didecyl 

dimethyl 

ammonium 

chloride 

(DDAC) 75 

g/L, 

benzalkonium 

chloride 50 g/L 

59998/0906 

62103 Microtech 7000 General 

Purpose Disinfectant 

Chemetall 

(Australasia) Pty 

Ltd 

4 g/L 

(5 L, 20 L) 

Benzalkonium 

chloride 54 g/L 

62103/0508 

70073  Safe4 Disinfectant Cleaner 

Concentrate 

Safe4 All (Aust) 

Pty Ltd 

4 g/L Benzalkonium 

chloride 54 g/L 

70073/106951 

70073/62442 

Veterinary products—germicidal products for topical application  

58543 F10 Germicidal Treatment 

Shampoo 

Health & Hygiene 

Pty Ltd 

0.3 g/L 

(250 mL, 500 

mL, 5 L) 

Benzalkonium 

chloride 4.05 

g/L 

58543/0207 

58543/0904 

58544 F10 Germicidal Barrier 

Ointment 

Health & Hygiene 

Pty Ltd 

0.3 g/L 

(25 g, 100 g, 

500 g) 

Benzalkonium 

chloride 4.05 

g/L 

58544/1105 

58544/0904 

60080 Dermcare Otoflush Dermcare-Vet Pty 

Ltd 

2 g/L 

(75 mL,  

125 mL,  

250 mL)  

Disodium 

edetate 1.2 g/L 

60080/0407 
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APPENDIX IV: EVALUATION OF SUBMITTED STUDIES 

ACTIVE CONSTITUENT 

IIA 5.1—Absorption, Distribution Excretion and Metabolism in mammals 

Lythgoe RE & Howard EF (1995) PHMB: Bioavailability Following Dietary Administration in the Rat. Report 

No. CTL/P/4595. Lab Project No. URO 468. Unpublished. Report date: March 22, 1995.  

Test Compound: Unlabelled polihexanide and radiolabelled polihexanide (A 9% 

suspension of [14C]-polihexanide of specific activity 1.85 GBq/4 

mmol hexamethlene diamine) 

Batch/Purity: Unlabelled not available/labelled [14C]-polihexanide CTL 

Reference Y00156/009  

Test Species: Rat Sprague-Dawley (Wistar-derived Alpk:APfSD strain), 

5/sex/group, age: 7–9 weeks bw: 208–338 g source: Alderly 

Park, Alderly Edge, Macclesfield, Cheshire UK 

Study Duration: October 1994–January 1995 

Laboratory: Zeneca Central Toxicology Laboratory. Alderley Park, 

Macclesfield, Cheshire, UK. 

GLP & QA: Yes 

Guidelines: No 

Methods 

The bioavailability of polihexanide was investigated in male and female Sprague-Dawley rats pre-fed diets of 200 

ppm or 2000 ppm (10 and 100 mg/kg nominal dose) for 14 days followed by a single radiolabelled dose 

administered via gavage. Animals pre-fed at the lower dose were given a single dose of 0.08 mg/kg bw  

(0.2 MBq/kg). Animals pre-fed at the higher dose were given a single dose of 0.8 mg/kg bw (2 MBq/kg).  

A 9% suspension of [14C]-polihexanide was mixed with a vehicle of sterilised, double deionised water and gum 

tragacanth (1%) prior to dosing.  

Clinical observations were not carried out during this study. After the radiolabelled dose the animals were kept in 

metabolism cages for the collection of excreta and once again fed with diet containing unlabelled polihexanide at 

the same dose levels (either 200 or 2000 ppm). Urine and faeces were separately collected at 24 hourly intervals 

until 72 hours after radiolabelled dosing, the end of the study. Cage rinses were collected together with urine at 

each sample point. A final cage wash was also retained for analysis. At the end of the study, rats were killed by 

exsanguination by cardiac puncture and a sample of blood was collected in heparin vials for analysis. One portion 

of blood was used to separate the plasma. The gastrointestinal tract and contents, and residual carcass were also 

retained for analysis. Oxidised and non-oxidised samples were radioassayed by liquid scintillation counting (LSC). 

Analysis of unlabelled and labelled polihexanide was also carried out by Size Exclusion Chromatography (SEC).  
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Results 

High overall recoveries (~110% of calculated dose) were observed in this study, attributable to the high proportion 

of recovered radioactivity found in some individual samples. This anomaly was apparent for the faecal samples but 

not the urinary and tissue samples. 

Excretion 

The results for the excretion of radioactivity in urine (including cage washes) and faeces, are presented as group 

mean results in Table 1. Low or high oral doses resulted in similar patterns of excretion of radioactivity in both 

sexes, with the total administered dose being excreted within 72 h. In all cases, the faeces represented the major 

route of excretion accounting for 105–109% of the administered dose. The majority of faecal excretion occurred 

within 24 h of dosing and was complete within 72 h. Urinary excretion was low, and together with cage wash 

accounted for 2–3% of the administered dose. The majority of urinary excretion occurred within 24 h of dosing. 

Excretion of radioactivity in the expired air was not measured in this study.  

Table 1: Mean excretion of radioactivity within 72 h (% dose) 

Labelled 

dose  

(mg/kg bw) 

Sex Sample 0–24h 24–48 h 48–72 h 0–72 h Final 

cage 

wash 

Total 

excreted 

0.08 Male Urine 1.88±0.35 0.17±0.07 0.09±0.03 2.14±0.32 1.29±0.89 108.43±2.64 

Faeces 91.65±4.69 12.16±4.19 1.20±0.37 105.00±2.48 

Female Urine 1.90±0.36 0.15±0.02 0.14±0.05 2.19±0.32 0.53±0.17 112.10±5.59 

Faeces 98.78±4.46 9.78±4.65 0.83±0.31 109.38±5.83 

0.8 Male Urine 1.92±0.13 0.22±0.07 0.11±0.04 2.26±0.15 0.48±0.07 108.95±1.78 

Faeces 90.85±4.76 14.22±4.31 1.15±0.37 106.21±1.77 

Female Urine 1.33±0.52 0.25±0.10 0.17±0.05 1.76±0.46 0.58±0.17 106.98±2.31 

Faeces 89.83±6.71 13.15±6.36 1.65±1.30 104.63±2.15 

% of dose; mean±SD; n=5/sex  

Tissue distribution 

Table 2 presents the mean tissue and carcass retention of radiolabel at 72 h following dietary administration of 

polihexanide, expressed as a percentage of the applied dose. Low levels of radiolabel were found in the GI tract 

and contents, and the carcass. As a proportion of the administered dose, the recovery of radioactivity was 

relatively higher at the low dose than at the high dose and was similar for both sexes. The levels in blood 72 h 

post-dose were similar for both dose levels ranging between 0.001 and 0.003 g equiv/g. Plasma levels were 

lower than those found in whole blood, being lower than the limit of detection in all samples. 
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Table 2: Retention of radioactivity in tissue and carcass at 72 h (% of dose) 

Dose  

(mg/kg bw) 

Sex  

(n=5/sex) 
GI tract GI contents Carcass Total 

0.08 

Male 0.11 0.80 1.30 2.20 

Female 0.10 0.92 1.142 2.16 

0.8 

Male 0.02 0.15 0.25 0.42 

Female 0.02 0.19 0.22 0.43 

Bioavailability  

The absorbed dose (or bioavailable dose) in this study was calculated as the amount of dose excreted in urine 

plus that present in the carcass following removal of GI tract and its contents. The dose recovered in cage 

washings has been summed with urine as the majority of the material was considered to be of urinary origin. It was 

previously established (Lythgoe et al., 1995) that the polihexanide dose recovered in faeces following a single oral 

exposure represents unabsorbed test substance. In that study, only a very minor proportion of the absorbed dose 

was eliminated via bile to be returned to the GI tract. Therefore, in this study the unabsorbed dose was calculated 

as the amount of dose excreted in the faeces together with the contents of the GI tract after removal. The mean 

percentages of administered polihexanide absorbed following the low dose were 4.7% and 3.9% for males and 

females, respectively. At the high dose, the corresponding percentages were 3.0% and 2.6%, respectively. Thus, a 

slightly higher absorption was apparent in males at both doses.  

Conclusions 

Male and female Sprague-Dawley rats were pre-fed diets of 200 ppm or 2000 ppm (10 and 100 mg 

polihexanide/kg nominal dose) for 14 days followed by a single radiolabelled dose administered via gavage  

(0.08 mg/kg bw or 0.8 mg/kg bw respectively). The main route of excretion was in the faeces (105–109% of the 

administered dose), the majority of which was detected in the first 24 hours. Urinary excretion was low. Only low 

levels were detected in the GI tract and contents, and the carcass. The mean percentages of administered 

polihexanide absorbed following the low dose were 4.7% and 3.9% for males and females, respectively. At the 

high dose, the corresponding percentages were 3.0% and 2.6%, respectively. Thus, a slightly higher absorption 

was apparent in males at both doses.  
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Bratt, H (1975) Vantocil IB: Absorption and excretion studies in the rat (interim report). Unpublished. 

Zeneca Report No. CTL/P/163B. Report date: March 1975. 

Test compound: [14C]-labelled (4.6 µCi) Vantocil IB (containing 20% 

polihexanide) 

Batch/purity: Not available 

Test species: Rats: male 

Study duration: Not available 

Laboratory: Zeneca Central Toxicology Laboratory, Alderley Park, 

Macclesfield, Cheshire, UK. 

GLP & QA: No 

Guidelines: No 

Method 

ABSORPTION AND EXCRETION:  

A single oral dose of 14C-labelled (4.6 µCi) Vantocil IB 100 mg/kg bw (containing 20% polihexanide) was given to 

male rats. The report stated that Vantocil IB contained at least 10 components but details were not specified. 

Faeces and urine were collected at 7 time points over 1 to10 days post-dosing; bile and expired air were also 

collected (details not specified). An unspecified chromatographical method was used to detect excreted elements. 

TISSUE DISTRIBUTION:  

A diet containing 100 ppm of 14C-labeled (4.6 µCi) Vantocil IB was administered to male rats for 5 weeks. This was 

followed by five weeks of normal diet. Rats were sacrificed at weekly intervals, in order to determine tissue 

retention in abdominal fat, liver, kidney and brain, during treatment and on return to normal diet.  

Results 

ABSORPTION AND EXCRETION: 

Within 5 days, 93% , 6%, 0.6% and 0.2% of the radiolabel were excreted in faeces, urine, bile and expired air, 

respectively, indicating poor absorption (< 7%) from the gut. 

The extracted material in the faeces showed a similar profile to Vantocil IB itself. Urinary components consisted 

almost entirely of high mobility material ie low molecular weight fraction (MWtF). Vantocil IB itself contains low and 

high mobility materials, and when these fractions are separated and dosed independently to pairs of rats, 3% and 

12% of the low and high mobility material were absorbed, respectively, suggesting greater absorption of low MWtF 

of Vantocil IB which was excreted unchanged in urine.
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TISSUE DISTRIBUTION:  

The concentration of polihexanide reached 1.2 ppm in abdominal fat after 3 weeks of administration, which was 

reduced to 0.3 ppm five weeks after normal diet. (The applicant stated that the t1/2 in abdominal fat was 4 weeks 

but this was not supported by data). The concentration in liver did not exceed 0.6 ppm during five weeks 

administration and was reduced to undetectable levels at week 3 after returning to normal diet. The maximum 

concentrations in kidney, heart and brain were 0.8 ppm, 0.1 ppm, and undetectable, respectively. It was not clear 

how much food was consumed, therefore, it was not possible to calculate the percentage of dose detected in the 

tissues. 

Conclusions 

Following a single oral dose of 14C-labeled Vantocil IB 100 mg/kg bw (containing 20% polihexanide) to male rats, 

the majority of the dose was detected in the faeces (93%) within 5 days. There was poor absorption (< 7%) from 

the gut. The substance detected by chromatography in the faeces was similar to Vantocil IB (which contains both 

low and high mobility materials), whereas components in the urine were mainly high mobility material (ie low 

molecular weight fractions). The low molecular weight fraction was shown to be absorbed to a greater degree than 

high molecular weight fraction in the rat.  

Male rats were fed a diet of 100 ppm of 14C-labeled Vantocil IB, followed by 5 weeks of untreated diet. The 

maximum concentrations of polihexanide detected in the fat, kidney, heart, liver and brain were 1.2 ppm, 0.8 ppm, 

0.6 ppm, 0.1 ppm and undetectable, respectively. The levels in the fat reduced to 0.3 ppm following 5 weeks of 

normal diet, and liver levels undetectable following 3 weeks of normal diet.
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Lythgoe RE, Howard EF & Prescott E (1995) PHMB: Absorption, distribution, metabolism and excretion 

following single oral dosing (20 mg/kg) in the rat. Zeneca Report No. CTL/P/4537. Unpublished, Report 

date: 22 February 1995 

Test compound: [14C]-labeled (4.6 µCi) Vantocil IB (containing 20% 

polihexanide) 

Batch/purity: Not available 

Test species: Rat (Alpk:APfSD), 13 females and 28 males, age: 6–12 weeks 

bw: 163–270g source: Barriered Animal Breeding Unit, Alderley 

Park, Cheshire 

Study duration: Not available Nov 93–Nov 94 

Laboratory: Zeneca Central Toxicology Laboratory. Alderley Park, 

Macclesfield, Chesire, UK. 

GLP & QA: Yes 

Guidelines: No 

Method 

A single oral dose of 20 mg/kg polihexanide was administered to rats in this study which consisted of  

3 experiments. This dose was selected to present a ‘no effect’ dose and the vehicle was sterilised in double 

deionised water. In addition to the unfractionated test substance, the study involved the use of low, medium and 

high molecular weight fractions (MWtF) of 14C-polihexanide (low, medium and high MWtFs are formed due to 

oligomerisation and the molecular weight cut-offs were 1k, 3k and 10k, by size exclusion chromatography).  

Rats were sacrificed at the end of each experiment, and the following samples were collected: blood, plasma, GI 

contents, residual carcasses, and tissues. The tissues included brain, liver, kidneys, heart, lungs, spleen, gonads, 

and representative samples of fat (abdominal), bone (femur) and muscle (femoral). Duplicate samples were 

analysed. 

Results 

Experiment 1: Biliary excretion: A single oral dose of 20 mg/kg bw 14C-polihexanide was administered to bile duct 

cannulated rats (3/sex). Urine, bile and faeces were collected at 6 time points for 2 days after dosing and 

radioactivity monitored. No sex differences were observed in excretion profiles. Over 96% of the administered 

dose was excreted in faeces,  

<3% in urine, and <0.2% in bile. This indicated poor absorption (about 3% of the administered dose) with low 

biliary and urinary excretion.  

Experiment 2: Absorption: A single oral dose of 20 mg/kg bw of low, medium and high MWtFs of 14C-polihexanide 

was administered to 3 groups of male rats (4/group). Urine and faeces were collected at 5–6 time points for 3 days 

after dosing and radioactivity monitored.  
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Over 94% of the administered dose was excreted in faeces for all 3 MWtFs, whereas 5.2%, 0.2% and 0.2% was 

excreted in urine for low, medium and high MWtF, respectively, which indicated greater GI absorption of the low 

MWtF. The concentrations in plasma and blood were all less than 0.02 µg equiv/g, and in residual carcasses they 

were 0.15–0.54% of the administered dose. Total excretions were 100%, 101% and 96%, and total recovery rates 

(excreta + tissue residues) were 101%, 102% and 96.8% for low, medium and high MWtF, respectively. 

Experiment 3: Excretion and distribution: A low MWtF was selected for this study due to its greater absorption than 

that of mid and high MWtFs. A single oral dose of 20 mg/kg bw low MWtF of 14C-polihexanide was given to rats 

(5/sex). Urine and faeces were collected at 5–7 time points for 3 days after dosing. Blood, selected tissues and 

carcasses were also collected.  

At 72 hours after dosing, over 93% of the administered dose was excreted in the faeces of both male and female 

rats (94.1% and 93.5%, respectively). However, a sex difference was observed in urinary excretion (7.8% and 

2.6% in male and female, respectively). At 24 hours after dosing, 83–92% of the total absorbed dose was excreted 

in urine. At 72 hours after dosing, the highest concentrations were in liver (0.57 and 0.75 µg equiv/g, or 0.18% and 

0.19% of administered dose, in male and female, respectively) and kidney (0.50 and 0.81 µg equiv/g in male and 

female, respectively), whereas the residual carcasses contained 0.22% and 0.28% in male and female, 

respectively. The percentage of the administered dose in kidneys was not provided. Total recovery of administered 

dose was 102.8% (male) and 97.0% (female). 

Attempts to identify metabolites were not successful due to the small mass available in the urine and the poor level 

of solvent extraction of radioactivity from the faeces. 

Conclusions 

Following a single oral dose of 20 mg/kg bw, polihexanide was poorly absorbed by rats (only 2.67.8%ם of the 

administered dose), and the unabsorbed fraction was eliminated in faeces (92–97% of administered dose). Less 

than 0.2% was eliminated in bile. The absorption of low MWtF components of polihexanide was greater than that 

of mid and high MWtF components, particularly in male rats compared to female rats. Attempts to identify the 

metabolites were not successful. 
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IIA 5.2—Acute toxicity 

A summary of the results of acute toxicity studies conducted on polihexanide is provided in the table below. There 

were no studies available for acute oral or acute inhalational toxicity or dermal sensitisation. 

Table 3: Summary of acute toxicity of polihexanide  

Study 
Physical form 

and purity 
Species 

Results (mg/kg bw) Reference 

 Polihexanideequivalent 

Acute oral 
Vantocil P (20% 

solution) 
Rat 

2747 (M), 

2504 (F) 
LD50=549 (M), 501 (F) 

Jackson 

(1979) 

Acute dermal 

Pale yellow solid 

powder 96.0%  
Rat – 

LD50 > 5000 mg/kg bw 

(no deaths) 

Driscoll 

(2003a) 

Vantocil P (20% 

solution) 
Rabbit 

>2000 (no 

deaths) 
>400 (no deaths) 

Jackson 

(1979) 

Baquacil SB® 

(20% + dye + 

fragrance)* 

Rat 
>5000 (no 

deaths) 
>1000 (no deaths) 

Trueman & 

Eaton (1977) 

Eye irritation 

Pale yellow solid 

powder 96.0% 
Rabbit Severe 

Driscoll 

(2003c) 

Vantocil IB 

(20%) 
Rabbit Severe 

Jackson & 

Nixon (1981) 

25% 

formulation* 
Rabbit Corrosive Anon (1966) 

Dermal 

irritation 

Pale yellow solid 

powder 96.0% 

Rabbit 

(4 h) 
Slight 

Driscoll 

(2003b) 

Baquacil SB® 

(20% + dye + 

fragrance)* 

Rat 

(24 h) 
Severe 

Trueman & 

Eaton (1977) 

25% 

formulation* 

Rat 

(24 h) 
Corrosive Anon (1966) 

Sensitisation 
20% solution Guinea 

pig 

20% moderate, 

6% mild 

Duerden 

(1993) 

* These may in fact be a product with other constituents, but are included here for comparison. Formulation details not 

provided to the review. None of these tradenames are registered for use in Australia.  

Shaded studies are those of highest regulatory value, due to test guideline compliance.  
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IIA 5.2.1—Acute oral toxicity 

Jackson SJ (1979a) Vantocil P: Acute oral and dermal toxicity in the rat and rabbit. Lab: Central Toxicity 

Laboratory, Macclesfield, UK. ICI Report No. CTL/T/1361. Report date: 09 September 1979. 

Test compound: Vantocil P  

(20% solution of the hydrochloride salt of polyhexamethylene 

biguanide in water) 

Batch: BX 791/2 [ADGM 1021/79] 

Test species: SPF-derived albino rats; 5/sex/dose; age: not stated; bw:  

120–180 g; source: Alderley Park 

Laboratory: Central Toxicology Laboratory, Macclesfield, UK 

GLP & QA: Yes 

Guidelines: None stated 

 

Dosing method Vehicle 
Observation 

period 

Dose tested 

(mg/kg bw) 

Oral LD50 

(mg/kg bw) 

Oral gavage Deionised water 14 d 

0, 700, 1000, 1500, 

2000, 2500, 3000, 

3500 or 5000 

Male: 2747  ≈ 549 

polihexanide equivalent. 

Female: 2504  ≈ 501 

polihexanide equivalent.  

Method 

Rats received a single oral gavage dose of an aqueous solution of Vantocil P at 0, 700, 1000, 1500, 2000, 2500, 

3000, 3500 or 5000 mg/kg bw  to determine the acute oral toxicity of the test substance. The material (as a 20% 

solution of polihexanide) was diluted with deionised water to give a 7%, 10%, 15%, 20%, 25%, 30%, 35% and 

50% (w/v) solution for doses of 700, 1000, 1500, 2000, 2500, 3000, 3500 and 5000 mg/kg respectively, 

administered at a standard dose volume of 10 mL/kg. Following administration of the test substance, rats were 

observed for 14 days. 

Rats were acclimated for a minimum of six days prior to commencement of the study and housed in standard 

laboratory conditions (20–22°C, 24 air changes/h, approx. 44% relative humidity, 12 h light/dark). Rats were 

housed by sex with a maximum of 5/cage. Food and water were provided ad libitum. Rats were fasted for 16–20 h 

prior to dosing.
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Results 

The acute oral toxicity studies consisted of two studies. In the first study (No. AR1511), the study authors 

described the mortality distribution as not sufficient to calculate the LD50 within the limits of statistical significance 

as required by the laboratory protocol. No other details of this study were described in the report.  

In the second study (No. AR1540), no deaths occurred at doses of 700, 1000 or 1500 mg/kg bw. Clinical signs 

occurring in the first 3 days only of the study in these groups were typically slight salivation, slight lacrimation, 

slight piloerection and some cases of subdued appearance. In the 1500 mg/kg bw group, rats also exhibited slight 

wheezing and staining around the mouth.  

Dosing at 2000 mg/kg bw resulted in the death of 1/sex within one hour, whereas dosing at 2500 mg/kg bw 

resulted in the death of 2/sex within 6 hours. Survivors showed clinical signs similar to above, with no signs 

beyond day 3. 

Following dosing of 3000 mg/kg, 3 males and 5 females were dead within 1 h and a fourth male death within 6 h. 

The one surviving male demonstrated similar signs of toxicity as described above, persisting until day 4. 

Dosing at 3500 mg/kg bw resulted in 2/sex deaths within one hour and a further 2/sex by day 2. Survivors showed 

clinical signs until day 7–8. 

At 5000 mg/kg bw, 4 males and 3 females died within an hour of administration and an additional 2 females died 

within 6 h. The surviving animal showed clinical signs, but not beyond day 2. 

The acute oral LD50 to male and female rats was calculated by Probit analysis (Finney, 1971). 

Table 4: Vantocil P acute oral toxicity to rats 

Cumulative mortality 

(n=5) 
Dose (mg/kg bw) 

Time after dosing (d) 700 1000 1500 2000 2500 3000 3500 5000 

Males 

1–6 h 0 0 0 1 2 4 4 4 

1 0 0 0 1 2 4 4 4 

2 0 0 0 1 2 4 4 4 

3 0 0 0 1 2 4 4 4 

14 0 0 0 1 2 4 4 4 

Females 

1–6 h 0 0 0 1 2 5 3 5 

1 0 0 0 1 2 5 4 5 
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Cumulative mortality 

(n=5) 
Dose (mg/kg bw) 

2 0 0 0 1 2 5 4 5 

3 0 0 0 1 2 5 4 5 

14 0 0 0 1 2 5 4 5 

In males, deaths occurred at and above 2000 mg/kg bw (1, 2, 4, 4 and 4/5, at 2000, 2500, 3000, 3500 and  

5000 mg/kg bw, respectively). In females, deaths also occurred at and above 2000 mg/kg bw (1, 2, 5, 4 and 5/5, at 

2000, 2500, 3000, 3500 and 5000 mg/kg bw, respectively). Deaths occurred from 1–6 hours after dosing. Slight 

salivation, lacrimation, piloerection and subdued appearances were observed in all treated animals including 

surviving animals. Necropsy was not performed.  

Conclusions 

The calculated acute oral LD50 for male rats was 2747 mg/kg bw (2131–3549 mg/kg bw with 95% confidence) and 

for females was 2504 mg/kg be (2025–2969 mg/kg bw with 95% confidence) under the conditions. This is 

equivalent to 549 and 501 polihexanide mg/kg bw and polihexanide is classified as being of low acute toxicity by 

the oral route. 
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IIA 5.2.2—Acute dermal toxicity 

Driscoll R (2003a): Acute dermal toxicity (limit test) in rat. SafePharm Laboratories Report No. 780/274. 

Unpublished. Report date: 7 March 2003 

Test compound: DS6274 (Polihexanide as a pale yellow solid)  

(C8H17N5)n.xHCl 

Batch/purity: PC100–02 / 96.0%  

Test species: Rat Sprague-Dawley CD (Crl: CD (SD) IGSBR), 5/sex, age:  

8–12 weeks bw: 216–327 g source: Charles River (UK) Ltd, 

Margate Kent UK 

Study duration: 6 November 2002–28 November 2002 

Laboratory: SafePharm Laboratories, Shardlow, Derbyshire, UK 

GLP & QA: Yes 

Guidelines: OECD Guideline No. 402, Commission directive 92/69/EEC 

Method B3 Acute toxicity dermal, US EPA OPPTS 870.1200 

 

Dosing method Vehicle 
Dosing / observation 

period 

Doses tested 

(mg/kg bw) 

Dermal LD50 

(mg/kg bw) 

Dermal, on shaved intact 

dorsal skin (semi-

occlusive) 

Distilled 

water 

Applied once for 24 hours, 

with 14–d observation 
5000 > 5000 

Method 

A single dose of 5000 mg/kg bw of test substance moistened with distilled water was applied to shaved skin on the 

back of rats (approximately 10% of total body surface area) for 24 hours under semi-occluded conditions. Initially 

only one animal of each sex was treated, then a group of 4 animals from each sex. Rats were housed individually. 

Bandages were removed at 24 h and the treated area and surrounding hair wiped with distilled water to remove 

residual test substance.  

The rats were observed for mortalities or overt signs of toxicity at ½, 1, 2 and 4 h after dosing. Subsequently once 

daily for 14 days, the test sites were examined for evidence of primary irritation and scored according the scale of 

Draize (1977): 

Individual body weights were recorded prior to application and on day 0, 7 and 14 of the study. After a 14 day 

observation period the animals were killed by cervical dislocation and subjected to gross necropsy. 
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Results 

There were no signs of systemic toxicity. No animals died during the course of the study. There were no clinical 

signs recorded. No abnormal pathological findings were observed on necropsy. One female recorded body weight 

loss during the first week of the study. All animals gained weight during the course of the study. 

Of the five males of treated, one showed slight erythema on days 1 to 3 only and four showed slight erythema on 

days 1 and 2 only. Four of the five females treated showed slight erythema to well defined erythema on days 1 and 

2; the fifth female showed slight erythema on days 1 to 3. No oedema was noted in any male or female at any 

time. Haemorrhage of dermal capillaries was noted in 4/5 males and 4/5 females on days 1 and 2. Small 

superficial scattered scabs were noted in all males and females on days 1 to 6 (in 3/5 males and females on day 

10; 2/5 males on day 13 and 1/5 females on day 14). 

This study involved a high dose (approximately 1.0 to 1.6 g) applied to a skin test site for 24 h compared to OECD 

dermal irritation guideline (No 404) which suggests a 0.5 g dose at a test site and a 4 h exposure. The high doses 

and long exposure times are most likely to have contributed to the occurrence of dermal capillary haemorrhage 

and superficial scabbing. Apart from these findings the observations included no oedema in any rat and minimal 

erythema which did not extend past day 3. 

Conclusions 

Under the conditions of this study, the dermal LD50 of solid DS6274 (polihexanide) was determined to be  

> 5000 mg/kg bw for male and female rats. Solid (moistened) polihexanide has low acute dermal toxicity in rats. 

Polihexanide when applied to rat skin in amounts of 1.0 to 1.6 g for 24 hours showed a low grade skin irritation 

capacity. Haemorrhage of dermal capillaries resolved in 48 h and the small superficial scattered scabs resolved 

after day 6. 

The dermal irritation study of Driscoll (2003b) using OECD Test Guideline No. 404 is considered the more 

appropriate study and was used in this review to classify skin irritation caused by polihexanide. 
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Jackson SJ (1979) Vantocil P: Acute oral and dermal toxicity in the rat and rabbit. ICI Report No. 

CTL/T/1361. Report date: 09 September 1979. 

Test compound: Vantocil P  

(20% solution of the hydrochloride salt of polyhexamethylene 

biguanide in water) 

Batch: BX 791/2 [ADGM 1021/79] 

Test species: New Zealand White rabbits; 4/sex; age: not stated; initial  bw: 

2.5–3.03 kg; source: unknown 

Laboratory: Central Toxicology Laboratory, Macclesfield, UK 

GLP & QA: Yes 

Guidelines: None stated 

 

Dosing method Vehicle 
Observation 

period 

Dose tested 

(mg/kg bw) 

Oral LD50 

(mg/kg bw) 

Topical 

application to 

shorn ±abraded 

skin 

None 14–d 

2 mL/kg bw of test 

substance = 2000 mg/kg bw 

= 400 mg /kg bw of 

polihexanide.  

> 2000 mg/kg bw (of 20% 

solution) = 

> 400 mg/kg bw polihexanide 

Method 

The test substance (2 mL/kg bw = 2000 mg/kg bw) was applied to the clipped dorso-lumbar region (approximately 

150 x 130 mm) of 4/sex rabbits to determine the acute dermal toxicity. Prior to application, half of the rabbits 

(2/sex) received epidermal abrasions every 5 mm longitudinally and transversally (through the stratum corneum, 

but not deep enough to cause bleeding). Following application, the site was covered with an occlusive dressing for 

24 hours, after which the dressings were removed and the site washed with water. The rabbits were observed for 

14 days. The method was that of Draize (1959). 

Rabbits were housed individually in standard laboratory conditions (temperature 21–24°C; relative humidity  

50% ± 10%) and acclimated for a minimum 6 days. Feed and water were available ad libitum. 
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Results 

No deaths occurred in any rabbit following the application of 2 mL/kg to abraded skin. A few white lines along the 

abrasions were observed in a number of animals during the study period. On day 3, one male was slightly 

subdued and another had a slight wheeze.  

There were no other clinical signs. There was no description of findings in the rabbits without abraded skin, but it is 

assumed there were no deaths or clinical signs. 

Conclusions 

Under the conditions of this study, the acute dermal LD50 of Vantocil P (20% solution of the hydrochloride salt of 

polyhexamethylene biguanide in water) was greater than 2 mL/kg bw to male and female rabbits. This is 

equivalent to >2000 mg/kg bw of Vantocil P, and > 400 mg polihexanide/kg bw (no deaths). 

Trueman RW & Eaton D (1977): BAQUACIL SB: Acute Dermal Toxicity and Skin Irritation Effects. Report 

No. CTL/T/1057. Unpublished. Report date: October 1977. 

Test substance: Baquacil SB 

(20% solution of poly hexamethylene biguanide 

hydrochloride, 4 ppm Edicol Blue EG, 5  ppm Bouquet SN 

(Ex Guivaudan)), pH 6.0 

 

Batch: ADGM 3156  

Test species: SPF albino rats; 10/sex/group; age: unknown; bw: 150–200 

g; source: Alderly Park 

Study duration: Not stated 

Laboratory: Central Toxicology Laboratory, Alderly Park 

GLP & QA: No 

Guidelines: No 



78 HUMAN HEALTH RISK ASSESSMENT OF POLIHEXANIDE 

 

Method 

A single dose of 2.5 or 5.0 mL/kg bw 'Baquacil SB' (approximately 500 and 1000 mg/kg bw of polihexanide) was 

applied topically to an area of 1 inch2 of shaved skin on the back and flanks for 24 hours under occluded 

conditions to determine the acute dermal toxicity and dermal irritation. The rats were housed individually during the 

treatment period. Following the treatment period, the site was washed with a warm detergent solution, dried and 

observed daily for 7 days.  

Results 

There were no deaths during the course of the study. 

Severe skin irritation effects were observed in all rats from both dose levels, such as erythema, patches of 

necrosis, small scabs, over or at the edge of the application site (from day 1 or day 2). Animals appeared hunched 

and subdued with slight salivation, slight incontinence, and piloerection (from day 2). Scars, desquamation, skin 

thickening and wrinkling on the application site were also observed in some rats of both groups. The presence of 

blood in the urine of two rats treated with 2.5 mL/kg bw was not believed to be treatment related as it did not 

appear in animals treated with a higher dose (5.0 mL/kg bw) of the test material. 

Table 5: Incidence of dermal findings and other clinical signs in rats 

Total incidence (male 

(M) female (F) 

incidence) (n=10) 

Dose 

(ml/kg 

bw) 

Day of observation period 

1 2 3 4 5 6 7 8 

Dermal findings 

Erythema (mainly 

slight) 

2.5 
16 

M9 F7 

19 

M9 F10 

19M9 

F10 

6 

F6 

7 

F7 

2 

F2 
  

5.0 
20 

M10 F10 

15 

M5 F10 

15 

M8 F7 

7 

M4 F 3 

7 

M4 F 3 

1 

F1 

1 

F1 
 

Necrosis (small 

patches at application 

site/edges) 

2.5 
18 

M9 F9 

11 

M6 F5 

7 

M4 F3 

2 

M1 F1 

1 

M1 
   

5.0 
17 

M7 F10 

19 

M10 F9 

17 

M8 F9 

12 

M7 F5 

12 

M7 F5 

2 

M2 
  

Lateral cracks on 

back 

2.5         

5.0   
1 

M1 

1 

M1 

1 

M1 
   

Scabs (mainly small) 

2.5  
7 

M4 F3 

7 

M4 F3 

17 

M9 F8 

19 

M10 F9 

17 

M9 F8 

16 

M10 F6 

11 

M6 F5 

5.0 
1 

F1 

4 

F4 

9 

M2 F7 

15 

M5 F10 

15 

M5 F10 

19 

M10 F9 

18 

M9 F9 

17 

M8 F 9 
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Total incidence (male 

(M) female (F) 

incidence) (n=10) 

Dose 

(ml/kg 

bw) 

Day of observation period 

1 2 3 4 5 6 7 8 

Scars 

2.5       
4 

M3 F1 

9 

M6 F3 

5.0      
1 

F1 

5 

M3 F2 

13 

M5 F8 

Desquamation 

2.5   
3 

M2 F1 

8 

M2 F6 

12 

M6 F6 

17 

M8 F9 

17 

M9 F8 
 

5.0      
6 

M3 F3 

5 

M2 F3 

6 

M1 F5 

Other clinical signs 

Subdued (slight) 

2.5 
1 

M1* 

3 

M1 F2 
 

1 

M1 

1 

M1 
 

1 

M1 
 

5.0 
1 

M1 

3 

M3 
 

3 

M2 F1 

2 

M2 
   

Hunched (slight) 

2.5  
20 

M10 F10 

16 

M8 F 8 

5 

M3 F2 

5 

M3 F2 

1 

M1 

1 

M1 
 

5.0 
1 

M1 

7 

M2 F5 

15 

M7 F8 

8 

M4 F4 

8 

M4 F4 

1 

M1 

1 

M1 

1 

M1 

Salivating 

2.5         

5.0  
3 

M3 
      

Piloerection 

2.5  10M6 F4 7M3 F4      

5.0  
3 

F3 

2 

F2 
     

Red stain (mouth) 

2.5         

5.0  
1 

F1 
      

Incontinence 

2.5 
1 

M1* 

1 

M1 
    

1 

M1 

1 

M1 

5.0  4 2 2     
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Total incidence (male 

(M) female (F) 

incidence) (n=10) 

Dose 

(ml/kg 

bw) 

Day of observation period 

1 2 3 4 5 6 7 8 

F4 F2 F2 

Thin 

2.5 
1 

M1* 

3 

M2 F1 

3 

M2 F1 

1 

M1 

1 

M1 
   

5.0   
3 

F3 
     

Haematuria 
2.5        

3 

M3 

5.0         

* Was noted the dressing may have been too tight  

Conclusions 

The acute dermal LD50 of Baquacil SB (containing 20% polihexanide plus dye and fragrance) is in excess of 5.0 

mL/kg bw in male and female rats. This dose contained 1000 mg/kg bw polihexanide. Baquacil SB is of low acute 

dermal toxicity.  

Dose levels ≥ 2.5 mL/kg bw (equivalent to 500 mg/kg bw polihexanide) caused severe skin irritation following a 

single 24 h occluded application to rat skin, with necrosis, scabs and desquamation present at day 3, and the 

presence of scabs and scars persisting to the end of the of the observation period (day 8).  
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IIA 5.2.—Acute inhalation toxicity 

There were no studies available on acute inhalational toxicity. 

IIA 5.2.4—Skin irritation 

Anon (1966): Acute eye irritation in rabbits and skin irritation in rats. Lab: Industrial Hygiene Research 

Laboratories Report No. TR/558. Unpublished. Report date: October 1966. 

Test substance Polihexanide in an unknown formulation  

Batch/purity: Unknown / 25% w/w polihexanide technical in presumed 

aqueous solution 

Test species: Rats 

Study duration: Not stated 

Laboratory: Industrial Hygiene Research Laboratories, Macclesfield, UK 

GLP & QA: Not specified 

Guidelines: No 

Method 

Polihexanide (25%) was applied beneath an occlusive dressing to the shorn backs of three female rats for three 

alternate 24 h periods. After each 24 h application, the dressing was removed and the skin washed with soap and 

water, gently dried and exposed to the air for 24 h until the next application. Three applications were applied. This 

study predates test guidelines and critically, conducts an extended and repeated application from contemporary 

standards. 

Results 

After the first 24 h application, focal ulceration was observed which worsen after the second and third application. 

There were no specific systemic effects.  

Conclusion  

The formulation containing 25% w/w polihexanide technical was considered by the study authors to be corrosive to 

the skin.  

The description of ulceration in the study is indicative of a corrosive substance, however as the formulation of the 

test substance is unknown and the methodology involves an extended and repeated application, this study cannot 

be relied on for the establishment of a skin irritation classification for the active, polihexanide. 
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Driscoll R (2003b): Acute dermal irritation in the rabbit. SafePharm Laboratories Report No. 780/275. 

Unpublished. Report date: 7 March 2003 

Test compound: DS6274 (Polihexanide as a pale yellow solid)  

(C8H17N5)n.xHCl 

Batch/purity: PC100–02 / 96.0%  

Test species: NZW albino rabbit, 3 males, age: 12–20 weeks, bw: 2.0–3.5kg; 

source: David Percival Ltd, Moston, Sandbach Cheshire UK.  

Study duration: 4 November 2002 – 18 November 2002 

Laboratory: SafePharm Laboratories, Shardlow, Derbyshire, UK 

GLP & QA: Yes 

Guidelines: OECD Guideline No. 404, Commission directive 92/69/EEC 

Method B4 Acute toxicity (Skin irritation)dermal, US EPA 

OPPTS 870.2500 Acute dermal irritation  

 

Dosing method Vehicle Dosing/observation 

period 

Doses tested (g) Result 

Topical,  

semi-occlusive 

Distilled water. Single dose, 7–dobservation 

period. 

0.5 Slight irritant 

Method 

The pH of a 10% w/w aqueous preparation of the test material was determined prior to treatment of the test animal 

as approximately 6. 

The day before exposure to the test substance the dorsal/flank area of each rabbit was clipped. Initially one male 

rabbit was treated, then a second treatment group consisting of two males. The test substance (ground to a fine 

powder, 0.5 g moistened with 0.5 mL water) was applied to a shorn area of the animal’s skin and covered with 

gauze. The first animal had a patch removed at 3 minutes, 1 hour and 4 hours after application. The second 

treatment group were exposed for a 4 hour period only. After patch removal the application site was cleaned using 

either distilled water or 70% methylated spirits. Animals were observed for skin irritation effects such as erythema 

and oedema at 1, 24, 48 and 72 h after dosing and scored according to the Draize scale. An additional observation 

was made on day 7 to determine the reversibility of effects. 

Calculation of Primary Irritation Index and grading of irritancy potential: The scores for erythema and oedema at 

the 24 h and 72 h readings were totalled for the three test rabbits (12 values) and this total was divided by six to 

give the Primary Irritation Index of the test substance.  
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Results 

No evidence of skin irritation was noted in the initially treated animal (ID55) after exposure for 3 min or one hour. 

After 4 h of exposure, well defined erythema and slight oedema was noted (1 hour observation). This animal 

recorded well defined erythema at the 24 hour observation, which had reduced to very slight at 48 hours and was 

absent at 72 hours. The second treatment group displayed very slight erythema at the 1, 24 and 48 hour 

observation times (following 4 hour exposure), persisting in one animal until 72 hours. Neither of these animals 

had observed signs of oedema recorded (Table 6). 

The primary irritation index was calculated as 1.0.  

Table 6: Individual skin reactions following a four hour exposure 

Skin reaction and rabbit 

identity 

Observation time  

1 h 24 h 48 h 72 h 7 d 

Erythema/eschar formation 

ID55 

ID1 

ID2 

 

2 

1 

1 

 

2 

1 

1 

 

1 

1 

1 

 

0 

1 

0 

 

– 

0 

0 

Oedema formation 

ID55 

ID1 

ID2 

 

2 

0 

0 

 

1 

0 

0 

 

1 

0 

0 

 

0 

0 

0 

 

– 

0 

0 

Total score at 24 and 72 h  5  1  

The sum of the 24 and 72 h scores (S) = 6 

Conclusion 

Based on erythema persisting to 72 hours, polihexanide (as a moistened powder) is a slight skin irritant in rabbits. 
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Trueman RW (1997b): BAQUACIL SB: Acute Dermal Toxicity and Skin Irritation Effects in rats. Lab: Zeneca 

Central Toxicity Laboratory, Macclesfield, UK. Report No. CTL/T/1057. Report date: October 1977. 

Test product Baquacil SB 

(American propriety technical material produced by Arch 

Chemicals Inc: US EPA Registration No. 1258–1263; used in 

the formulation of swimming pool sanitisers. Presumed to be an 

aqueous solution containing polihexanide, 4 ppm Edicol Blue 

EG and 5 ppm Bouquet SN 8934 (Ex Givaudan). Any other 

constituents are unknown) 

Batch/purity: ADGM 3156 / 20% w/w polihexanide technical in presumed 

aqueous solution  

Test species: Rats (4 groups, n=10/sex, Alderley Park, SPF, albino strain, BW 

150–200g) 

Study duration: Not stated 

Laboratory: Zeneca Central Toxicity Laboratory, Macclesfield, UK.  

GLP & QA: No 

Guidelines: No 

Method 

A single dose of 5.0 mL/kg bw or 2.5 mL/kg bw Baquacil SB was topically applied to an area of 2–3 cm2 of shaved 

skin at the back and flanks for 24 hours under occluded conditions and observed daily for 7 days. This dose was 

equivalent to 5000 or 2500 mg/kg bw of Baqacil SB, and approximately 1000 or 500 mg/kg bw polihexanide.  

Results 

Severe skin irritation effects were observed in all rats from both dose levels, such as erythema, patches of 

necrosis, small scabs, over or at the edge of the application site (from day 1 or day 2). Animals appeared hunched 

and subdued with slight salivation, slight incontinence, and piloerection (from day 2). Scars, desquamation, skin 

thickening and wrinkling on the application site were also observed in some rats of both groups. The presence of 

blood in the urine of two rats treated with 2.5 ml/kg bw was not believed to be treatment related as it did not 

appear in animals treated with higher dose (5.0 ml/kg bw) of the testmaterial. 

Conclusion 

The acute dermal LD50 of Baquacil SB (containing 20% polihexanide) is in excess of 5.0 mL/kg bw in male and 

female rats. Dose levels ≥ 2.5 mL/kg bw caused severe skin irritation following a single occluded application to rat 

skin. 
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IIA 5.2.5—Eye irritation  

Anon (1966): Acute eye irritation in rabbits and skin irritation in rats. Industrial Hygiene Research 

Laboratories Report No. TR/558. Unpublished. Report date: October 1966. 

Test substance Polihexanide  in an unknown formulation  

Batch/purity: Unknown / 25% w/w polihexanide technical  

Test species: Rabbits 

Study duration: Not stated 

Laboratory: Industrial Hygiene Research Laboratories, Macclesfield, UK 

GLP & QA: Not specified 

Guidelines: No 

NB. The skin irritation component of this study is presented elsewhere.  

Method 

As single drop of 25% polihexanide formulation was administered into the eye of three rabbits. The other eye was 

also treated, but this was followed by irrigation with saline 5 seconds after administration of the test substance. 

Additional information on the methodology is unknown and the study predates test guidelines. 

Results 

Following administration of the test substance there was severe inflammation and corneal damage in all three 

rabbits. The condition was partly resolved in two animals after one week but the third animal appeared to be 

permanently blind in the treated eye. Following irrigation, only slight inflammation was observed and the eye was 

normal by the third day.  

Conclusions 

The formulation containing 25% w/w polihexanide technical was considered by the study authors to be corrosive to 

the eyes. Irrigating the eye shortly after exposure resulted in only slight irritation. This formulation is classified as 

corrosive to the eyes, based on permanent blindness in 1/3 rabbits. With the available information, the blindness 

cannot be attributed to irreversible corneal opacity, which may have place the substance into a lower eye irritation 

category. As the exact constituents in the formulation are unknown, this study cannot be used to establish an eye 

irritancy category for the active polihexanide.
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Driscoll R (2003c): Acute eye irritation in the rabbit. SafePharm Laboratories Report No. 780/276. 

Unpublished. Report date: 7 March 2003. 

Test compound: DS6274 (Polihexanide as a pale yellow solid)  

From certificate of analysis: molecular formula : (C8H17N5.HCL) 

n  (where n=1 to 40) 

 

A 10% w/w aqueous solution had a pH of 6.0 

Batch/purity: PC100–02 / 96.0% w/w 

Test species: NZW albino rabbit, 3 males, age: 12–20 weeks, bw: 2.0–3.5kg; 

source: David Percival Ltd, Moston, Sandbach Cheshire UK.  

Study duration: 20 November 2002 – 11 December 2002 

Laboratory: SafePharm Laboratories, Shardlow, Derbyshire, UK 

GLP & QA: Yes 

Guidelines: OECD Guideline No. 405, Commission directive 92/69/EEC 

Method B5 Acute eye irritation/corrosion, US EPA OPPTS 

870.2400 Acute eye irritation 

 

Dosing method Vehicle Dosing/observation 

period 

Doses tested  

(mL) 

Result 

Ocular None Single dose, 21–d observation 

period. 

0.1 (approximately 63 

mg) 

Severe 

Method 

The solid test substance was gently compacted into a syringe to a volume of 0.1 mL (approximately 63 mg) and 

instilled into the conjunctival sac of the right eye of one rabbit. The untreated eye served as a control. Assessment 

of ocular damage/irritation was made approximately 1, 24, 48 and 72 h after administration. Observations on 

reversibility of the ocular effects were made on days 7, 14 and 21. Owing to the severity of the response, no 

further rabbits were utilised. Assessment of ocular damage/irritation was made according to the numerical 

evaluation given in Draize (1977 

Results 

At the time of application, the rabbit demonstrated an initial pain reaction of 2 out of a six point scale (‘rabbit blinks 

and tries to open eye, but reflex closes it = slight initial pain’).  

The ocular irritation scores recorded in the treated eye for the single rabbit tested are shown in Table 7.
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Table 7: Ocular irritation scores in the rabbit 

Eye reaction in treated eye 
Observation time 

1 h 24 h 48 h 72 h 7 d 14 d 21 d 

Cornea 

Degree of opacity 

Area of cornea involved 

 

0 

3 

 

1 

3 

 

1 

3 

 

1 

3 

 

3 

2 

 

3 

2 

 

2 

2 

Iris 1 1 1 1 1 1 0 

Conjunctiva 

Redness 

Chemosis 

Discharge 

 

2 

2 

3 

 

2 

3 

3 

 

2 

3 

3 

 

2 

3 

3 

 

2 

2 

2 

 

2 

2 

3 

 

1 

1 

1 

Dulling of the normal lustre of the cornea was noted in the treated eye 1 h after treatment. Scattered or diffuse 

corneal opacity was noted in the treated eye at 24, 48 and 72 h. Opalescent opacity was noted over approximately 

one half of the cornea with translucent corneal opacity in the remaining area after 7 d. Opalescent opacity was 

noted over approximately one half of the cornea of the treated eye with scattered or diffuse corneal opacity in the 

remaining area at 14 d. Vascularisation, generalised ingrowth of vessels for approximately 2 mm, was noted at 7 d 

and 14 d. Vascularisation, localised ingrowth of vessels for approximately 5 mm to 6 mm, was noted in the treated 

eye at 21 d. 

Iridial inflammation was noted 1 h after treatment and at 24, 48, 72 h, and 7 and 14 d. 

Moderate conjunctival irritation was noted in the treated eye 1 h after treatment with severe conjunctival irritation at 

24, 48 and 72 h, moderate conjunctival irritation at 7 and 14 d and minimal conjunctival irritation at 21 d. 

Pale appearance of the nictitating membrane was noted in the treated eye at 24, 48 and 72 h, 7 and 14 d. 

Translucent corneal opacity, minimal conjunctival irritation and vascularisation were noted in the treated eye at  

21 d and were considered irreversible. 

Conclusions 

The test substance produced irreversible ocular damage and was considered by the study authors to be corrosive 

to the rabbit eye.This effect on the eye is classified as severe on the basis of corneal opacity present at 7 days 

without tissue destruction or corneal perforation. 
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Jackson SJ & Nixon J (1981): Vantocil IB: Eye irritation to the rabbit. Central Toxicology Laboratory Study 

No. FB2113, Report No. CTL/T/1727. Unpublished. Report date: 03 November 1981. 

Test product Vantocil IB (20% polihexanide).  

 

Batch/purity: ADGM 1021/79 

 

Test species: NZW albino rabbits, 9 females, age: unknown, bw: 2.5–3.7 kg; 

source: Hacking and Churchill, Cambridgeshire.  

Study duration: 14 August 1981 to 3 November 1981 

Laboratory: Central Toxicology Laboratory, Macclesfield, UK 

GLP & QA: Yes 

Guidelines: Not specified 

 

Dosing method Vehicle Observation period Dose tested Result 

0.1 mL test material into 

1 eye of each of 9 rabbits 

– the treated eye was 

irrigated for 1 min in 3 

rabbits but not in the 

other 6 rabbits 

None 

The eyes were 

examined at 1–2 h, 

1, 2, 3, 4, 7, 8, 15, 

18, 25, 26, 29 and 

35 d after 

instillation 

0.1 mL 'Vantocil IB*' = 

20 mg polihexanide  
Severe 

* According to the study author, Vantocil IB is a disinfectant used in the food and drink industries. It contains 20% 

polyhexamethylene biguanide hydrochloride. Vantocil IB was supplied as a pale yellow liquid and was used as 

supplied. 
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Method 

Approximately 0.1 mL of the test material was instilled into one eye of each rabbit. The lids were held together for 

1–2 s and the rabbit was released. The eyes of six rabbits were not irrigated following instillation of the test 

material (non-irrigated group). The remaining three rabbits (irrigated group) received the test material and then the 

treated eye was irrigated within 20–30 s for one minute with 200 mL of clean lukewarm water. The treated eyes 

were examined and the grade of ocular reaction at the times specified above was scored according to the system 

of Draize (1959): 

It should be noted that the authors of this study have not listed a testing guideline (such as OECD Guideline 405) 

that has been adhered to. OECD Guideline 405 was first adopted in 1981 (the same year this study was 

conducted). However, the study only deviates from the current guideline with regard to the following: 

1. the temperature at which the animals were housed (lower than guideline) 

2. the length of the observation period (longer than guideline) 

3. washing the eyes of the test subjects (applies to irrigated group only) 

4. lack of detail in the study report (with regard to vehicle, age of the test animals, rationale for testing and 

physicochemical data on the test substance) 
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Results 

Immediately following instillation of the test substance, most animals showed signs of slight to moderate initial pain 

(2–3 on a 5 point scale). The mean eye irritation scores for both treatment groups are shown in Table 8. 

Table 8: Mean eye irritation scores following instillation of 'Vantocil IB' into the rabbit eye with or without 

subsequent irrigation 

Time 

point (d) 

Mean scores for six rabbits 

Cornea 

(maximum 80) 

Iris 

(maximum 10) 

Conjunctiva 

(maximum 20) 

Mean total score 

(maximum 110) 

Non-I* I* Non-I I Non-I I Non-I I 

1–2 h 5.8 0 5.0 1.7 15.3 12.7 26.2 14.3 

1 5.8 0 5.0 1.7 14.0 10.7 24.9 12.3 

2 5.0 0 2.5 1.7 12.0 11.3 19.5 13.0 

3 3.3 0 1.7 0 10.3 9.3 15.3 9.3 

4 3.3 0 1.7 0 9.3 6.7 14.3 6.7 

7 9.2 0 2.5 0 6.7 2.7 19.0 2.7 

8 9.2 0 2.5 0 6.3 2.7 18.0 2.7 

14  0  0  2.7  2.7 

15 6.7  0.8  4.3  11.9  

16  0  0  2.7  2.7 

18 2.5  0  4.3  6.9  

19  0  0  0.7  0.7 

22  0  0  0  0 

23  0  0  0  0 

25 0  0  1.3  1.3  

26 0  0  1.0  1.0  

29 0  0  1.0  1.0  

35 0  0  6.0  6.0  

*No I = no after treatment irrigation (n=6);  I = after treatment irrigation (n=3) 
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Non-irrigated group 

In the non-irrigated group, at one to two hours after installation, all rabbits showed signs of conjunctivitis including 

redness, chemosis and discharge; 5/6 rabbits had recovered by day 29. All rabbits showed signs of iritis one to 

two hours following instillation, but all had recovered by day 18. At 1–2 h following instillation, 4/6 rabbits had slight 

corneal opacity. Slight corneal opacity persisted in 2/6 rabbits until day 18. This conditioned worsened in one 

rabbit on day 7, but all rabbits had fully recovered by day 25. In addition, three rabbits had slight hair-loss around 

the treated eye on day 15; one rabbit had a pannus reaction and thick, white discharge on day 15, but had 

recovered by day 15 and slight swelling of the cornea on day 18, but had recovered by day 26. 

Irrigated group 

In the irrigated group, at one or two hours following instillation, all rabbits showed signs of conjunctivitis, including 

slight redness, slight chemosis and thick, white discharge. This condition reduced in severity and all rabbits had 

recovered by day 22. In addition, one rabbit showed signs of slight, transient, iritis; but had recovered by day 3. 

Conclusions 

In this study 'Vantocil IB' was classified by the study authors as a moderate irritant to the rabbit eye in the non-

irrigated group. Although there was some cornea involvement, it was transient and permanent eye damage 

appeared unlikely. With after treatment irrigation, ‘Vantocil IB' was classified by the study authors as a mild irritant 

to the rabbit eye. 

'Vantocil IB' is classifiable as a severe irritant on the basis that the corneal opacity persisted to day 7 in 2/6 rabbits. 

The conjunctival effects at near maximal scores persisted for some time  

(Table 7). Five out of six rabbits had recovered by day 29. 
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IIA 5.2.6—Skin sensitisation 

Duerden L (1993): Polihexamethylene Biguanide: Skin Sensitisation to the Guinea Pig of a 20% Aqueous 

Solution. Report No. CTL/P/3889. Unpublished. Report date: 10 February 1993. 

Test product Main study: polihexanide as a liquid (20.2% aqueous solution)  

Batch: D4097 

Positive control 2–mercaptobenzothiazole, prepared in corn oil.  

Test species: Guinea pigs (Albino, Alpk:Dunkin Hartley); 20 females for main study and 

10 for control, 30 males used for positive control study; age: young adult, 

; bw: 445–715 g (females, main study), 371–660 g (males, positive 

control study); source: Barriered Animal Breeding Unit, ZENECA 

Pharmaceuticals, Alderly Park, Macclesfield, Cheshire UK.  

Study duration: August–September 1992 

Laboratory: Zeneca Central Toxicology Laboratory, Macclesfield, Cheshire UK.  

GLP & QA: Yes 

Guidelines: No 

 

 Dosing 

method 

Vehicle Dosing/observation 

period 

Doses tested  (mL) Results 

Topical Distilled 

water  

Induction: 3 x 6 h 

applications; 48 h 

observation. 

Challenge: 1 x 6 h 

application; 72 h 

observation. 

Induction:  

Group 1: FCA/Saline (1:1) 

Group 2: 0.3% polihexanide 

Group 3: 0.3% polihexanide/FCA 

(1:1) 

Topical application:  

0.2–0.3mL of 20% polihexanide 

Challenge: 

0.05–0.1mL 20% polihexanide or 

0.05–0.1mL 6% polihexanide 

20% moderate 

sensitiser 

6% mild sensitiser 
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Method  

The test method was the guinea pig maximisation test of Magnusson and Kligman (1970). The sensitivity and 

reliability of the test method were not stated. Induction and challenge concentrations were determined by a 

sighting study using 2–4 animals with four dose levels. 

For the induction phase, a group of 20 female guinea pigs was given three pairs of 0.05–0.1 ml intradermal 

injections in the scapular region (previously cleared of hair): (1) a 1:1 mixture of FCA in saline; (2) 0.3% 

polihexanide in deionised water; (3) a 1:1 mixture of 0.3% polihexanide and FCA in deionised water. A control 

group of 10 female guinea pigs was treated in the same manner except that injections 2 and 3 did not contain 

polihexanide.  

A topical application was performed one week after the intradermal induction. Test areas were cleared of hair 

again. Then skin patches containing 0.2–0.3 ml of the neat test substance were applied under occlusive dressings. 

The control groups were treated identically, except no test substance was applied (no further details were 

provided). After 48 h, the patches were removed. 

Two weeks after the topical inductions, all the test and control animals were topically challenged using two skin 

patches containing 0.05–0.1 ml of the neat test substance or 0.05–0.1 ml of a 30% w/v preparation in deionised 

water (ie 6% polihexanide) under occlusive dressing. After 24 h, the dressings were removed. 

Skin reactions were scored according to the standard scale described in the guinea pig maximisation test, at  

24 and 48 h after removal of the dressings (ie 48 and 72 h after the start of the challenge). Body weight was 

recorded at the start and end of the study. The applicant did not state if animals were observed daily for clinical 

signs. 

The same methodology was applied to the positive control group, with 3% mercaptobenzothiazole in corn oil for 

the intradermal injection (induction) and the challenge and a 75% w/v dilution of the 3% mercaptobenzothiazole 

solution for topical induction. It is noted that the positive control was not conducted concurrently with this study, but 

in June 1992. 

Results 

The test sample was determined to be stable during the study. No information regarding dermal effects or other 

clinical findings following induction were reported. 

In the test group, following challenge with the neat test substance (ie 20 % polihexanide), scattered mild redness 

(grade 1), moderate diffuse redness (grade 2), and intense redness and swelling (grade 3) were observed in 8/20, 

9/20 and 1/20 test animals, respectively (total of 18/20 test animals, ie 90% positive response); and scattered mild 

redness was observed in 4/10 (40%) control animals. Comparing grades at 24 and 48 h readings, for the test 

substance 12 results were unchanged, 1 increased (1 to 2) and 5 reduced. For the control group, 2 remained 

unchanged, 2 reduced. The grade 1 reactions (scattered mild redness) were noted in the test groups and negative 

control groups at 40% (8/20 and 4/10, respectively) and can therefore be assumed to not be related to 

sensitisation and can be removed from the positive response rate in the test group. Therefore, the positive 

response rate in the test group is 50% (10/20). 
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Following challenge with 30% of the test substance (ie 6% polihexanide), scattered mild redness or moderate 

diffuse redness were observed in 4/20 and 1/20 animals of the test group, respectively; (total of 5/20, ie 25% 

positive response) and scattered mild redness was observed in 1/10 (10%) control animals. The overall 

sensitisation response is therefore [20%–10%] + 5% =15%. 

In the positive control group, following challenge with 3% mercaptobenzothiazole, scattered mild redness to 

intense redness and swelling was observed in all 20 tested animals, with scattered mild redness or moderate and 

diffuse redness in 2/10 control animals.  

Conclusions 

Challenge with the neat test substance (ie 20% polihexanide) elicited a 50% response rate, which according to the 

study authors classified the substance as a moderate sensitiser according to their laboratory scheme (29–64% net 

response). Challenge with 6% polihexanide elicited a 15% response rate, classifying polihexanide as a mild 

sensitiser (9–28% net response). Therefore, 20% polihexanide was classified as a moderate skin sensitiser under 

the conditions of the test. In the positive control study, challenge with 3% w/v 2–mercaptobenzothiazole elicited a 

strong skin sensitisation response. There was some evidence of slight skin irritation, as control animals showed 

some mild redness following topical challenge with both 20% and 6% polihexanide. 
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IIA 5.3—Short-term toxicity 

IIA 5.3.1—Oral administration 

There were no studies available. 

IIA 5.3.7—Dermal administration 

Lees D and Leah AM (1993) PHMB: 21–Day Dermal Toxicity Study in the Rat. Report No. CTL/P/4200. Study 

number LR0559. Unpublished. Report date: 17 November, 1993. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Test Material Polihexanide as a  20.2% w/v  aqueous solution (Tradename 

Vantocil P) 

Batch: Y00156/008  

Test Species: Rat Wistar-derived Alpk:APfSD, 5/sex/dose,  age: 9–10 weeks 

(M) 11–15 weeks (F), bw: 291–323 g (M) 243–275 g (F); 

source: Barriered Animal Breeding Unit, Zeneca 

Pharmaceuticals, Alderly Park, Macclesfield, Cheshire, UK 

Study Duration: 11 May 1993 to 9 June 1993 

Laboratory: Zeneca Central Toxicology Laboratory, Alderley Park, 

Macclesfield, Cheshire, UK. 

GLP & QA: Yes 

Guidelines: OECD Test Guideline 410, US EPA 870.3200 §82–2 

US EPA No. MRID 430477–01 
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Dosing method Vehicle 
Observation 

Period 
Dose tested  Result 

Test material applied to 

clipped dorsal skin of 5 

rats/sex/dose for 21 daily 6 

h applications (over 30 d) 

None Not specified 
0, 20, 60 and 200 mg 

polihexanide/kg bw 

Systemic effects NOAEL 

≥ 200 mg/kg bw/d 

 

Dermal irritancy 

NOAEL= 20 mg/kg bw 

Method 

Vantocil P (an aqueous solution containing 20% polihexanide in water), was applied to the clipped dorsal skin of  

5 Wistar-derived  rats/sex/dose at 0, 20, 60 or 200 mg polihexanide/kg bw/d for a total of 21 six-hour applications 

during a 30–day period. There was an 18–hour rest period between each application and four two-day periods 

when the animals were not dosed.  

The dose selection was based on a previous range-finding study, where repeat dermal applications of 0, 200, 300, 

400 or 600 mg/kg bw polihexanide were made to 2/sex rats. Slight skin irritation was observed following 10 

applications of 200 mg/kg bw. Signs of extreme skin irritation were observed following 21, 11 or 8 applications of 

300, 400 or 600 mg/kg bw respectively. No other significant sign of toxicity were noted at any dose level. 

Rats had been acclimatised for at least one week prior to experimentation and were housed individually under 

standard conditions. Food and water were available ad libitum. The dorso-lumbar region of rats was shorn 16–24 h 

prior to treatment on an area 10 cm x 5 cm. The rats were fitted with plastic collars prior to treatment to prevent 

oral ingestion. The application volume was altered according to dose and body weight and the application area 

was approximately 50 cm2. Application sites were occluded with a gauze dressing and plastic film which was then 

secured with adhesive tape. Following each exposure, the gauze and tape were removed and the application sites 

were cleaned with water. 

Rats were observed daily for clinical signs and any other abnormalities. Body weights were recorded daily. Food 

consumption was determined weekly. Blood samples were collected from non-fasted rats at the end of the 4–week 

treatment period. Haematological and clinical chemistry parameters were determined (as specified in Appendix 

VI). No urinalysis was performed. Following the treatment period, rats were sacrificed by exsanguination under 

anaesthesia and macroscopically examined. A limited range of organs and tissues were removed for further 

pathology analysis: adrenal, brain, kidney, liver, treated skin, untreated skin, testes and epididymis. Sections  

(5 μM) of kidney, liver, skin and abnormal tissue were stained with haematoxylin and eosin and examined under 

the light microscope.  

Body weight, food consumption and organ weight, haematology and clinical chemistry data were statistically 

analysed by analysis of variance.  
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Results and discussion 

Mortalities, clinical signs, body weight and food consumption: There were no treatment-related mortalities or 

clinical signs, except for skin irritation. Skin irritation was dose-related: at 20 mg/kg bw, transient slight erythema 

was limited to one animal and considered insignificant; at 60 mg/kg bw slight irritation was seen in most animals, 

regressing to three animals by the end of the study and at the highest dose of 200 mg/kg bw signs of moderate 

irritation persisted in most animals until the end of study. The skin irritation effects included erythema, oedema, 

and scabbing in both sexes, with increased incidence with increasing dose. The highest dose only also exhibited 

desquamation in two rats. There was no treatment-related effect on body weight or food consumption.  

Haematology and clinical chemistry: All haematological findings were unremarkable in both sexes. There was a 

small but statistically significant reduction in plasma phosphorous levels of females dosed with 200 mg/kg bw, 

which was mainly due to two low individual values  

Table 9). In the absence of historical control data, the toxicological significance of these findings was unclear. 

However, because of the two low individual values and in the absence of an effect in males, these findings were 

considered unlikely to be treatment-related. There was no treatment-related effect on any clinical chemistry 

parameter. 

Table 9: Clinical chemistry findings 

Parameter 

Dose (mg/kg bw/d) 

0 20 60 200 

Males Females Males Females Males Females Males Females 

Plasma 

Phosphorous 

(mg/100 
mL) 

7.38 7.28 7.5 7.68 7.52 7.92 7.64 6.18** 

** p<0.05 

Pathology: Apart from scabbing and erythema of skin noted during clinical observation there were no treatment-

related findings at macroscopic examination. The absolute kidney weights of males (p<0.05, 3.30 versus 2.92 g) 

and relative kidney weights of females (p<0.05, 2.56 versus 2.37g) dosed with 200 mg/kg bw were statistically 

significantly higher than controls. The small increase in kidney weights at 200 mg/kg bw was not considered 

treatment-related as the increase was marginal (8%) and was not associated with any histopathological or other 

abnormal findings.  

Histopathology: Microscopic treatment-related findings were restricted to the skin and consisted of acanthosis, 

epithelial necrosis and minimal to marked inflammatory cell infiltration at the application site in both sexes at  

200 mg/kg bw.  
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Conclusions 

Current OECD TG 410 for 21/28–d repeated-dose dermal toxicity recommends that the highest dose tested should 

result in toxic effects. However, if application of the test substance also produces severe skin irritation at higher 

doses, the concentration may be reduced. The guideline acknowledges that this may result in a reduction in, or 

absence of other toxic effects at the high dose. Selection of the high dose in the current study conforms to the 

current OECD TG 410 guideline.  

No systemic effects occurred following four weeks of dermal administration to rats of up to 200 mg polihexanide/kg 

bw/d. The NOAEL for dermal test site irritancy was 20 mg polihexanide/kg bw/d based on slight irritation 

(erythema, oedema and scabbing) at the next highest dose of 60 mg/kg bw.  

IIA 5.3.5—Inhalational administration 

Noakes JP (2006) Polyhexamethylene biquanide: 28–Day inhalation study in rats with recovery. Central 

Toxicological Laboratory Report No. CTL/MR0219. Unpublished. Report date: 16 March 2006. 

Test compound: Polyhexamethylene biguanide (PHMB) (polihexanide) 

(Technical 20% aqueous solution)  

Batch/purity: BX 6142 / 19.6% w/w 

Test species: Rat: Alpk:APfSD (Wistar-derived); age: 6–7 weeks, bw: 301 ± 

13 g males and 202 ± 14 g females. Source: Rodent Breeding 

Unit, Macclesfield, Cheshire, UK 

Study duration: 15 August 2003 to 14 May 2004 

Laboratory: Central Toxicology Laboratory, Macclesfield, Cheshire, UK; CTL 

test substance reference number: Y00156/027 

GLP & QA: Yes 

Guidelines: OECD Guideline No. 412 'Repeat-dose inhalation study', EEC 

Council Directive 67/548/EEC, US EPA OPPTS 870.3465, 90 

day inhalation toxicity 
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Groups and target 

exposure (mg/m3) 
Dosing method Vehicle 

Dosing/observation 

period 

Doses 

tested 

(mg/m3) 

NOEC 

mg/m3 

5/sex/group: 7 groups: 

1   0, (control, main) 

2   0, (control, recovery)  

3   0.025 (main) 

4   0.025 ( recovery) 

5   0.25 (main) 

6   2.5 (main) 

7   2.5 (recovery) 

Rats were 

restrained in 

polycarbonate 

tubes inserted into 

a perspex 

exposure chamber 

and exposed nose-

only to test 

atmospheres  

Deionised water 

(CTL Y04517/015) 

used to further 

dilute test solution. 

25% v/v and 2.5% 

v/v dilutions of test 

substance as 

supplied were used 

to generate each 

atmosphere 

The main study rats 

were exposed for 6 

h/d, 5 d/wk for 28 d 

The recovery study 

rats were exposed 

as above then 

monitored for 13 

wks after the last 

exposure 

0.0 

0.0239 

0.257 

2.47 
0.0239 

Method 

Groups of five rats/sex/group were exposed in a nose-only chamber to 0, 0.025, 0.25 or 2.5 mg/m3 of 

polihexanidefor 6 hours/day, 5 days/week over a period of 28 days in order to evaluate potential inhalational 

toxicity from repeat-dosing. Additional groups of 5 rats/sex were similarly exposed to 0, 0.025 or 2.5 µg/L and then 

allowed to recover for 13 weeks to determine reversibility of any effects. 

The rats were housed 5/cage, sexes separately. Standard laboratory environmental conditions prevailed. 

Commercial rodent diet and mains water were available ad libitum except during exposure. The rats were exposed 

nose-only to the test atmospheres. They were restrained in polycarbonate tubes which were inserted into a 

Perspex exposure chamber to which they had been acclimatised. Before commencement of exposure of the rats, 

the generation system was allowed sufficient time (approximately 15–20 min) to reach a relatively stable 

concentration. The temperature and relatively humidity in each chamber were recorded approximately every 30 

minutes during exposure. The aerodynamic particle size distribution of each test atmosphere was measured once 

daily for the first seven exposures, and subsequently at weekly intervals. The mass median aerodynamic diameter 

(MMAD) and geometric standard deviation (GSD) were calculated. The atmospheric concentration of polihexanide 

was determined for each exposure concentration by analysis of material collected. The group 3 and 4 atmosphere 

was sampled for 1 h, the group 5 atmosphere for 10 min and the group 6 and 7 atmosphere for 1 min. These 

analyses did not indicate any problems with stability of concentration. 

The main study groups were euthanised on day 29 and the recovery groups 13 weeks later (day 120) and rats 

were subject to gross necropsy. 
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Food consumption was recorded continuously throughout the study for each group of rats and calculated as a 

weekly mean. The body weight of each rat was recorded on day 1 before exposure and thereafter once a week 

and prior to termination. All rats were examined prior to exposure. During exposure they were observed frequently 

and examined at the end of the 6 h exposure. At termination haematological and clinical chemistry parameters 

were determined (as specified in Appendix VI). At termination organs were removed and weighed and tissues 

examined microscopically (as specified in Appendix VI). 

All data were evaluated using the SAS (1999) statistical package [SAS (1999) SAS Institute Inc. SAS/STAT User's 

Guide, Version 8, Cary, NC: SAS Institute Inc, 1999.] 

Results 

The mean atmospheric concentrations of polihexanide determined by chemical analysis and the mean 

aerodynamic particle size distribution of the total particulate are shown in Table 10. These test atmospheres were 

acceptable with regard to their general stability and physical characteristics. 

Table 10: Test atmospheres and target concentrations of polihexanide in chamber. 

Target 

concentration 

(mg/m3) 

Mean analysed 

concentration 

(mg/m3) 

Range median size 

(MMAD) 

(μm) 

Range GSD 

0.0 0.0 0.0 0.0 

0.025 0.0239 0.32–1.30 1.90–9.23 

0.25 0.257 0.48–5.06 1.70–4.03 

2.5 2.47 0.67–1.67 1.88–2.40 

Mortality: There were no treatment related deaths. 

Clinical observations: Abnormalities generally associated with restraint (wet fur, and chromodacryorrhea around 

the nose and mouth) were seen across all groups without any dose relationship for incidence or severity. Isolated 

incidences of salivation were incidental findings. These findings fully reversed overnight after each exposure. No 

treatment related clinical signs were seen in rats of the main study or of the recovery study.  

Body weights: Body weights were statistically significantly lower for males exposed to 0.257 mg/m3 or 2.47 mg/m3 

polihexanide compared to controls but there was no clear dose response. This difference in body weight persisted 

throughout the recovery period for males previously exposed to 2.47 mg/m3 although the difference did decrease. 

No differences were noted in females in any dose group or in males exposed to the lowest concentration. 

Food consumption: Food consumption was statistically significantly lower in weeks 2 and 4 when compared to 

controls for males exposed to 0.257 mg/m3 or 2.47 mg/m3 polihexanide. There was no clear dose response and 

the difference in consumption was not maintained through the recovery period. 
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Haematology: There were no effects on haematological parameters that were of toxicological significance 

Clinical chemistry: Alkaline phosphatase was high at the end of the treatment period in all females and aspartate 

amino-transferase was slightly low for females exposed to 0.257 or 2.47 mg/m3. The individual values were within 

the range of historical control data and there was no dose response. No differences were apparent on completion 

of the 13 wk recovery period. There were no toxicologically significant changes in clinical chemistry parameters.  

Organ weights: Lung weights were higher than controls for males and females that were exposed to 2.47 mg/m3 

on completion of both exposure and recovery periods. Relative lung weights were statistically significantly higher in 

males at the end of the recovery period. Relative thymus weights were high for males exposed to 2.47 mg/m3 but 

the difference was not apparent at the end of the recovery period. 

Relative liver weights were high on completion of the exposure phase in males and low in females exposed to 

0.0239 or 2.47 mg/m3. Relative ovary weights were high for females exposed to 0.257 or 2.47 mg/m3 but no dose 

relationship was apparent. No organ weight changes were toxicologically significant  

Macroscopic changes: No macroscopic changes observed at necropsy were attributable to treatment with 

polihexanide. 

Microscopic changes: In the main study, treatment related findings were confined to the larynx, trachea and lung. 

Squamous metaplasia was present in the larynx of both sexes exposed to 0.257 or 2.47 mg/m3. Treatment related 

lung findings included pneumonitis, bronchitis, and tracheitis were present at an increased incidence in both sexes 

at 2.47 mg/m3 only. Other findings observed were not treatment related.  

In the recovery group, tracheal inflammation and squamous metaplasia of the larynx observed at 2.47 mg/m3 had 

resolved in both sexes. Pneumonitis and bronchitis was still evident in the highest dose rats of both sexes 

although there was a slight reduction in severity. 

Conclusions 

Nose-only exposure for 6 hours per day, 5 days per week for a period of 28 days to polyhexamethylene biguanide 

at concentrations of 0.257 or 2.47 mg/m3 resulted in transient histopathological changes in the larynx and trachea 

that were characteristic of exposure to a respiratory tract irritant. All changes reversed at the cessation of exposure 

except for pneumonitis and bronchitis occurring at the highest concentration of 2.47 mg/m3 which were unresolved 

at the end of the recovery period.  

An inhalational NOEC of 0.0239 mg/m3 polihexanide, was established with this study, based on histopathological 

changes in the larynx (squamous metaplasia) from the next highest dose of 0.257 mg/m3.
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Subchronic toxicity studies 

IIA 5.3.2—Oral 90–day toxicity (rat) 

Griffiths D, Hayes MJ, and McElligott TF (1966a) Ninety-Day Oral Toxicity of Antibacterial 9073–Albino 

Rats. Industrial Hygiene Research Laboratories. Report No. CTL/R/199 (IHR/199). Unpublished. Report 

date: August 1, 1966.  

Test material: 'Antibacterial 9073' containing polyhexamethylene biguanide  

(PHMB) (polihexanide). No compositional analysis available  

Batch/purity: WEM/G/680 / 25% w/w aqueous solution of PHMB 

Test species: Wistar rats, 25/sex; age: unknown, bw: males 138–236 g, 

females 122–187 g, source: Alderly Park, Chesire 

Study duration: Not specified 

Laboratory: Industrial Hygiene Research Laboratories  

GLP & QA: Not specified 

Guidelines: None 

 

Dosing method Vehicle Observation period Dose tested Result 

Dietary for 90 d  

In aqueous 

solution in 

food 

Duration of study 

(90 d) 

0, 2500, or 5000 ppm  

'Antibacterial 9073' (0, 

625 or 1250 ppm 

polihexanide) 

≈ 0, 30, 60 mg 

polihexanide/kg bw/d 

None. Not suitable 

for regulatory 

purposes 

Method 

Antibacterial 9073 (a 25% aqueous solution of polihexanide) was mixed in the diet and fed to 25 Wistar 

rats/sex/dose at 0, 2500 or 5000 ppm (0, 625, 1250 ppm polihexanide) for 90 days. These doses are 

approximately 0, 30, 60 mg polihexanide/kg bw/d based on a conversion of 20 for older rats (Derelanko, 2008). 

There was no rationale for the dose selection. 

Rats were housed under standard conditions, with food and water available ad libitum. No information was 

provided on acclimation. Treated diets were prepared weekly by mixing the appropriate quantity of test material 

with diet in water and drying under vacuum.  

Observations of mortality and clinical signs were made at an unspecified frequency. Body weights and food 

consumption were recorded weekly. Blood was collected from rats in each group at the start of study and at study 

termination, just prior to sacrifice. The following haematology parameters were measured: Hb, Hct, total and 

differential WBC counts. Rats were sacrificed after 90 days by chloroform and an immediate post-mortem 
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examination made. Absolute and relative organ weights were measured from 5/sex/dose group and included: liver, 

heart, lung, adrenals, kidneys and spleen. The following were examined microscopically: liver, kidney, spleen, 

heart, lung, adrenals, gonads, thymus, thyroid, pancreas, stomach, duodenum, jejunum, ileum, caecum, colon, 

salivary gland and mesenteric lymph nodes, spinal cord and brain (cerebrum, cerebellum and pons).  

No information regarding statistical analysis methodology was mentioned in the study report. 

Due to the age of this study, it does not follow contemporary test guidelines, such as OECD TG 408 (1998). The 

major discrepancies are: only two treatments, lack of clarification on when clinical observations were made and 

lack of ophthalmological and neurological/functional examination. Important data missing from this method is a 

more comprehensive range of parameters measured in haematology (such as RBC counts and a measurement of 

clotting), a total absence of biochemistry measurements, as well as the range of tissues inspected microscopically 

and the lack of statistical analysis. 

Results 

Dietary analysis: No analytical measurements or homogeneity analyses of diets for polihexanide content were 

performed at either target dose.  

Mortalities and clinical signs: There were no deaths or clinical signs.  

Body weight and food consumption: Food consumption was decreased at a dose of 5000 ppm throughout the 

duration of study in both sexes when compared to controls (as much as ~13% in males during Week 4). Animals at 

2500 ppm also tended to consume less food compared to controls but the difference was small and of doubtful 

significance, given that there was no associated body weight changes. The decreased food consumption was 

attributed to decreased palatability of the diet due to the presence of polihexanide. There was a significant 

reduction in body weight gain in the 5000 ppm dose group over the course of the study (13% males, 17% 

females). This reduction was considered treatment-related due to associated changes in food consumption at the 

same dose. No significant differences in body weight gain were observed in the 2500 ppm group.  

Haematology: There were no treatment-related alterations in the haematological parameters measured. 

Pathology: There were no treatment-related gross pathological abnormalities, no changes in organ weights nor 

organ:body weight ratios.  

Histopathology: Five of 20 females in the 5000 ppm dose group had a slight to moderate degree of iron pigment 

(haemosiderin deposition) in liver and Kupffer cells (Table 11).This was not noted in the control animals. Thus, the 

haemosiderin deposition observed was considered to be treatment related. No information on the incidence of this 

effect at 2500 ppm was provided. Inclusion of a broader array of haematological parameters in this investigation 

may have enabled an interpretation of the effect. No other treatment related histopathological findings were 

observed. The results of histological examinations at 2500 ppm were not available. 
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Table 11: The incidence of haemosiderin deposition* 

Dose (ppm) Males Females 

0 5000 0 5000 

Total examined 20 20 20 20 

Liver  (haemosiderin in hepatic and Kupffer cells)  

Total affected 0 0 0 5 

-      Slight degree 0 0 0 1 

-      Moderate degree 0 0 0 4 

Spleen (haemosiderin deposition)  

Total affected 18 17 20 18 

-      Minimal degree 11 12 1 7 

-      Slight degree 6 5 10 7 

-      Moderate degree 1 0 9 4 

*No data submitted regarding incidence in the 2500 ppm group.  

Conclusions 

In the absence of histopathological information at the low dose level of 2500 ppm, a NOAEL for haemosiderin 

deposition in the liver and Kupffer cells cannot be established. Due to this, and the inadequate monitoring of 

haematological parameters, this study is considered to be of limited value for regulatory purposes. 
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IIA 5.3.3—Oral 90–day study (dog) 

Griffiths D, Hayes MJ, and McElligott TF (1966b) Ninety-Day Oral Toxicity of Antibacterial 9073 – Beagle 

Dogs. Industrial Hygiene Research Labs. Report No. CTL/R/202 (IHR/202). Unpublished. Report date: 

September 1, 1966.  

Test material: 'Antibacterial 9073' (containing 25% aqueous solution of 

polyhexamethylene biguanide (PHMB), polihexanide). No 

compositional analysis available 

Batch: WEM/G/680  

Test species: Beagle dogs; 4/sex/dose; age: unknown: bw: males 13–14.6 kg, 

females 12.4–14.4 kg; source: Alderly Park, Cheshire, UK 

Study duration: Not specified 

Laboratory: Industrial Hygiene Research Laboratories  

GLP & QA: Not specified 

Guidelines: None 

 

Dosing method Vehicle Observation period Dose tested NOAEL 

Dietary for 90 d  None Duration of study 

0, 5500 or 11,000 ppm 

'Antibacterial 9073' (0, 

1375 or 2750 ppm 

polihexanide) 

Not established, 

effects at all doses 

tested 

Method 

Antibacterial 9073, identical to that used in the 90–day rat study, was mixed in the diet and fed to 4 beagle 

dogs/sex/dose at 0, 5500 or 11000 ppm (0, 1375, 2750 ppm polihexanide, approximately 34 and 69 mg/kg bw/d) 

for 90 days. There was no rationale for the dose selection. 

Dogs were housed individually under standard conditions, with water available ad libitum and food offered twice 

daily. No information was provided on acclimation. Treated diets were prepared weekly by mixing the appropriate 

quantity of test material with diet in water and drying under vacuum.  

Observations of mortality and clinical signs were made at an unspecified frequency. Body weights and food 

consumption were recorded weekly. Blood was collected from each group at the start of study and at study 

termination, just prior to sacrifice. The following haematology, clinical chemistry and urinalysis parameters were 

measured: Hb, Hct, total WBC count, differential WBC count, blood urea, serum alkaline phosphatase, liver 

function test and urinary (pH, specific gravity, glucose, protein, bilirubin, microscopy of centrifuge deposit).  
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Dogs were sacrificed after 90 days by iv administration of pentobarbitone and an immediate post-mortem 

examination made. The weight of the following organs was obtained at the time of necropsy: heart, liver, kidneys, 

adrenals, spleen, thyroid, testicles, epididymis, brain and pituitary. Microscopic examination of the following tissues 

were made: brain (cerebrum, cerebellum and pons), spinal cord, pituitary, submaxillary gland, thyroid, thymus, 

heart, lung, aorta, stomach, duodenum, jejunum, ileum, colon, liver, spleen, kidney, bladder, adrenal, ovary and 

uterus or testis and epididymis and sciatic nerve.  

No information regarding statistical analysis methodology was mentioned in the study report. 

Due to the age of this study, it does not follow contemporary test guidelines, such as OECD TG 409 (1998). A 

major discrepancy is that only two dose levels were used. Major analytical data missing from this method is a more 

comprehensive range of parameters measured in haematology (such as RBC counts and a measurement of 

clotting), and biochemistry (electrolyte balance and carbohydrate metabolism), as well as the range of tissues 

inspected microscopically. There was no ophthalmological examination or statistical analysis of results.  

Results 

Dietary analysis: No analytical measurements or homogeneity analyses of diets for polihexanide content were 

performed at either target dose.  

Mortalities and clinical signs: There were no deaths or clinical signs.  

Body weights and food consumption: Although no food consumption data was provided, the study authors stated 

that diets were consumed readily. Decreases in body weight gain were noted in females at the low-dose and in 

both sexes at the high-dose compared to controls. These changes were not considered toxicologically significant 

since the overall weight differences from control animals were all <10%. 

Table 12: Overall mean body weight change (%) versus controls 

Dose level (ppm) 5500 11000 

Males 0 – 2.2% 

Females – 4.3% – 6.5% 

 n=4 

Haematology, clinical chemistry and urinalysis: A reduction in the neutrophil count was observed at 5500 and 

11000 ppm in both sexes compared to pre-treatment levels and concurrent controls (See Table 13). No statistically 

significant differences were noted between groups and the study authors noted that all values were within the 

physiological range (however no historical data was supplied). The finding was not considered treatment-related. 

All other haematological values measured were unremarkable. RBC counts were not measured. 
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Table 13: Mean neutrophil counts in dogs following treatment (x103 Cmm) 

Test point 

 

Dose (ppm) 

0 5500 11000 

Males Females Males Females Males Females 

Pre-treatment 8.97 6.93 7.78 7.48 7.52 6.74 

Terminal 7.61 8.19 4.58 5.48 4.79 4.30 

n=4/sex  

There were no treatment-related alterations in clinical chemistry or urinalysis parameters. 

Pathology: There were no treatment-related macroscopic abnormalities or changes in organ weights or 

organ:bodyweight ratios.  

Histopathology: Haemosiderin deposition of minimal to slight degree was noted at a higher incidence in the spleen 

of all animals dosed at 11,000 ppm and females given 5500 ppm, compared to controls and was considered to be 

treatment-related (Table 14). Haemosiderosis has been observed in other repeat-dose studies of polihexanide. No 

other treatment-related histopathologic observations were noted.  

Table 14: The incidence of haemosiderin deposition in the spleen 

Extent of deposition 

Concentration in diet (ppm) 

Males (n=4) Females (n=4) 

0 5500 11,000 0 5500 11,000 

Total affected 0 0 2 1 3 2 

-      Minimal degree 0 0 0 0 3 0 

-      Slight degree 0 0 2 1 0 2 

Conclusion 

The NOAEL in dogs following 90 days of exposure to Antibacterial 9073 was below 5500 ppm (equal to 1375 ppm 

of polihexanide or approximately 34 mg/kg bw/d) based on an increased incidence of haemosiderin deposition in 

the spleen at both test doses. Due to the limited parameters measured, this study is considered to be of limited 

value for regulatory purposes.
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Trutter JA and Patterson DR (1977) 26-week toxicity study in dogs: 20% PHMB. Final Report. Hazelton 

Laboratories America Inc. Report No. 458–123. Unpublished. Report date: June 30, 1977.  

Test material: 20% aqueous solution of polihexanide. No compositional 

analysis available 

Batch/purity: IL-780, ADGM 5642, TC#8492, Mix #49/22/122 (first sample); 

IL-780, ADGM 5642, TC#1126 (second sample)  

Test species: Dog, Beagle;4/sex/dose; Age: 7–8 months; bw 8.1–12.2 (M) 

8.5–12.2 (F); source: Hazleton Research Animals, Inc., 

Cumberland, Virginia 

Study duration: September 1976 – March 1977.  

Laboratory: Hazelton Laboratories America Inc.  

GLP & QA: No 

Guidelines: None 

 

Dosing method Vehicle 
Observation 

period 
Dose tested  NOAEL 

Dietary for 26 weeks  None 
Duration of 

study 

0, 500, 1500 or 4500 

ppm 20 % aqueous 

solution of polihexanide 

(0, 100, 300 or 900 ppm 

polihexanide) 

500 ppm of the 20% 

aq solution (ie 100 

ppm of polihexanide 

or approximately 2.5 

mg/kg bw/d) 

Method 

Polihexanide (a 20% aqueous solution) was mixed in the diet and fed to 4 beagle dogs/sex/dose at 0, 500, 1500 or 

4500 ppm (0, 100, 300 or 900 ppm of polihexanide) for 26 weeks. These doses are approximately equal to 0, 2.5, 

7.5 or 22.5 mg/kg bw/d (based on a conversion for dogs where 1 ppm in food is equivalent to 0.025 mg/kg bw/d). 

There was no rationale for the dose selection or study duration. 

Dogs were housed individually under standard laboratory conditions, with food and water available ad libitum. 

Treated diets were prepared weekly by mixing the appropriate quantity of aqueous test material with control diet.  

Observations for mortality and clinical signs were recorded daily. Body weights and food consumption were 

recorded weekly. Blood was collected from overnight-fasted dogs in each group at the start of study (week 0), and 

at weeks 4, 13 and 26 (study termination, just prior to sacrifice). Haematological parameters tested included Hct, 

Hb, RBC count, total and differential WBC count. Clinical chemistry parameters included fasting blood glucose, 

BUN, ALT, ALP, total serum bilirubin, AST, serum potassium, serum chloride, serum calcium, carbon dioxide, total 

serum protein, serum albumin, serum protein electrophoresis and serum sodium. Overnight urine specimens were 

collected at the same intervals and the testing included specific gravity, pH, ketones, bilirubin, protein, sugar, and 

microscopic examination of the sediment.  
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Due to findings at week 13, the protocol was amended to perform additional blood chemistry studies and blood 

samples were collected during week 22 for determinations of ALT, ALP, total serum bilirubin, and AST and during 

weeks 22 and 26 for bromosulphalein retention studies. Ophthalmoscopic examinations were performed on all 

dogs at weeks 0, 4, 13 and 26. General physical examinations, including heart and lung auscultations, were 

performed on two high dose females during weeks 21 and/or 22 and on all dogs during week 26. Based on 

findings during the study, the protocol was amended and electrocardiographic tracings consisting of 20 second 

intervals of limb leads I, II, and III were obtained from each dog during week 25.  

Dogs were sacrificed after 26 weeks of treatment by exsanguination under anaesthesia and necropsied. The 

following organ and organ/body weight ratios were determined: pituitary, thyroid, heart, liver, spleen, kidneys, 

adrenals, testes with epididymides, prostate, ovaries and uterus. Preserved tissues from control and high dose 

dogs and select gross lesions from low and mid dose dogs were examined microscopically (brain, pituitary, 

thoracic spinal cord, eyes, mandibular salivary gland, thyroids with parathyroids, thymus, lung, heart, spleen, small 

intestine (three levels), large intestines, urinary bladder, mesenteric lymph node, gallbladder, liver, kidneys, 

adrenals, stomach, pancreas, prostate, ovaries, uterus, vagina, bone (rib junction), bone marrow (femoral plug), 

skeletal muscle, sciatic nerve, testes with epididymides and any unusual lesions).  

Statistical tests chosen for the study were appropriate. Statistical analysis of body weights, food consumption, 

clinical laboratory data, terminal body weights, organ weights, and organ/body weight ratio data were performed by 

Bartlett’s test for homogeneity of variances and one-way ANOVA. All evaluations were made at the 5% 

significance level.  

This older study was pre-Guideline and is therefore not consistent with contemporary study standards. Compared 

to OECD TG 452 and 409, deficiencies can be identified. There was no rationale for dose selection or for the 

atypical 6 month dosing duration. Haematology parameters did not include a measure of clotting potential, brain 

weight was not measured and several tissues were not examined histologically (lacrimal gland, trachea, mammary 

gland, oesophagus, skin, spinal cord at more than one level, Harderian gland and a lymph node from a site distant 

from dosing). 

Results 

Dietary analysis: No analytical measurements or homogeneity analyses of polihexanide content in diets were 

performed at any dose level.  

Mortalities and clinical signs: No treatment-related deaths or clinical signs were noted at 500 or 1500 ppm. One 

female at 4500 ppm appeared thin and had pale gums at week 19, but was alert and active. Later examinations of 

this animal showed thinness, a dull hair coat, pale mucous membranes and slow capillary filling. A second female 

at 4500 ppm also had a thin appearance.  

Body weight and food consumption: There were no statistically significant differences in mean weekly body weight 

and food consumption between test animals and controls. However, the mean body weight gain of the 4500 ppm 

dose group showed consistent treatment-related decreases with time. The decrease became more pronounced 

during the last 8 weeks of study, particularly in females, and corresponded with slightly lower than mean control 

values during this time. Overall mean body weight changes are presented in Table 15. Decreased body weight 

gain at 4500 ppm was considered to be treatment-related because the magnitude of loss (> 10%) in females was 

considered to be toxicologically significant.  
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Table 15: Mean body weight changes in dogs fed polihexanide for 26 weeks 

Dose level (ppm) 0 500 1500 4500 

Males (n=4) +18% +12.2% +18% -4.8% 

Females (n=4) +11.7% +12.5% 8.7% -15.9% 

Haematology, clinical chemistry and urinalysis: There were no statistically significant differences in haematological 

values when compared to their respective control values. Treatment-related signs of liver damage were evident in 

the 4500 ppm dose group for both sexes. (Table 16): a statistically significant increase in AST and ALT was 

observed from weeks 13–26 (45–55% for AST and 65–80% for ALT); increased bromsulphalein retention 

(measured at week 22 and 26 only) was noted in all animals at week 22 and in 3 females at week 26; and a 

statistically significant decrease in electrophoretic alpha 2 fraction at weeks 4, 13 and 26 in females. A dose-

response pattern was noted for decreased electrophoretic alpha 2 fraction at weeks 13 and 26 but was not 

statistically significant. Statistically significant changes noted in other clinical chemistry parameters were sporadic 

in nature and did not indicate any distinct treatment related trends. All other clinical chemistry values were 

comparable to controls and stated to be within acceptable laboratory limits. Urinalysis findings were unremarkable. 

No historic control data were supplied.  
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Table 16: Selected clinical chemistry findings 

Weeks Males (n=4) Females (n=4) 

0 500 1500 4500 0 500 1500 4500 

Aspartate aminotransferase (AST) 

0 19.7 21.0 19.0 18.7 21.2 18.7 21.5 20.2 

4 22.7 20.7 24.0 23.2 19.5 22.2 22.7 22.5 

13 25.2 31.5 39.2 45.7** 27.7 27.3 32.7 48.2** 

22 27.7 26.7 29.0 29.5 27.2 30.5 27.5 50.2 

26 28.0 27.0 31.7 62.2** 27.0 31.2 32.7 57.2** 

Alanine aminotransferase (ALT) 

0 22.0 25.5 20.2 20.7 23.5 24.7 23.0 21.0 

4 30.7 33.2 28.5 30.0 26.0 27.5 30.5 28.7 

13 27.2 30.2 27.7 79.5** 23.7 24.0 30.2 170.5** 

22 33.7 36.5 31.5 232.0 32.5 30.2 30.0 393.2 

26 32.5 33.0 33.0 178.5 31.7 27.2 28.5 275.5** 

Electrophoresis—Alpha 2 (%) 

0 14.00 15.75 15.75 13.00 13.25 14.50 16.25 13.50 

4 13.75 15.75 15.25 13.50 14.50 13.00 16.75 10.50** 

13 9.50 10.00 10.25 9.00 9.75 8.75 7.75 6.50** 

26 9.25 9.75 9.75 9.25 10.75 9.00 8.25 7.25** 

**p<0.05 

Ophthalmology findings: Ocular findings were considered incidental, occurring in controls at similar incidence 

rates, and were not treatment-related.  

Electrocardiology findings: There were no treatment-related changes in the heart rates of dosed animals when 

compared to control rates. Electrocardiograms were obtained from all animals at week 25. Whilst no distinct 

treatment-related changes were noted, all of the deflections in the 4500 ppm dose group including the P-wave, the 

QRS complex and the T-wave tended to be lower in most of the tracings when compared to controls.  
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The significance of the finding is unknown. There may be a relationship to decreased absolute heart weights in the 

same animals.  

Pathology: A decrease in mean terminal body weight of both sexes in the 4500 ppm dose group (15% males and 

26% females) was observed compared to controls (Table 17). Increases in the mean relative liver weight (26% 

males and 13% females) in the 4500 ppm group and in the mean absolute (39% males and 19% females) and 

relative (61% males and 75% females) kidney weights in the 4500 ppm group was also observed. These changes 

were considered to be treatment-related due to associated changes noted in the histopathological examination of 

the 4500 ppm dose group.  

Mean absolute and relative pituitary weights in males at doses of 1500 and 4500 ppm, and of the spleen and 

adrenals of males at 4500 ppm were higher than control values. In the absence of any histopathological 

abnormalities in these tissues and only marginal differences, none of these findings were considered treatment-

related. There was also a dose-related decrease in the mean absolute and relative prostate weights in males but 

no associated histopathological alterations. The study authors noted that considerable variation in prostate weights 

of adult control beagles had been observed in the past. Therefore, the significance of this finding is unknown. 

Various other changes in absolute organ weights at 4500 ppm were considered related to body weight decreases.  

Table 17: Mean terminal body weight, absolute and relative organ weights  

Organ 

Dietary level of test material (ppm) (n=4/sex)  

0 500 1500 4500 

Males Females Males Females Males Females Males Females 

Absolute   

Terminal body weight (kg) 10.98 10.53 10.10 11.38 11.93 10.33 9.35 7.78 

Liver 222.00 226.25 226.75 216.75 278.25 228.00 238.75 174.00* 

Kidneys 47.02 43.88 49.63 50.43 57.68 45.63 65.40 52.28 

Heart 92.20 86.43 89.73 86.38 88.08 82.60 75.95 60.73* 

Pituitary 0.064 0.081 0.060 0.079 0.075 0.075 0.076 0.064* 

Spleen 24.33 24.50 23.63 27.43 26.65 25.00 28.33 20.90 

Adrenals 1.03 1.22 1.03 1.34 1.09 1.20 1.13 1.11 

Prostate 9.02 – 6.78 – 5.98 – 5.02 – 

Relative (expressed as % ratio to  terminal body weight)  

Liver 2.02 2.16 2.26 1.92 2.40 2.21 2.55 2.43 

Kidneys 0.44 0.42 0.50 0.45 0.50 0.44 0.70 0.74 

Heart 0.86 0.82 0.90 0.77 0.75 0.80 0.81 0.83 
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Organ 

Dietary level of test material (ppm) (n=4/sex)  

0 500 1500 4500 

Males Females Males Females Males Females Males Females 

Pituitary 0.0006 0.0008 0.0006 0.0007 0.0007 0.0008 0.0008 0.0009 

Spleen 0.22 0.23 0.24 0.25 0.23 0.24 0.30 0.27 

Adrenals 0.010 0.012 0.010 0.012 0.009 0.012 0.012 0.016 

Prostate 0.084 – 0.068 – 0.048 – 0.053 – 

* p<0.05 

Histopathology: Administration of 1500 and 4500 ppm resulted in histopathological changes in the livers and 

kidneys of both sexes. The lesions consisted primarily of bile stasis, focal hepatocellular degeneration and 

necrosis, and focal proximal tubular nephrosis. Bile stasis, both canalicular and cholangiolar, was noted in 1/4 

females at 1500 ppm, 3/4 females at 4500 ppm, and in 3/4 males at 4500 ppm only. Varying degrees and forms of 

hepatocellular degeneration were observed. Changes most prominent in the centrilobular region included cellular 

swelling with condensation of intracytoplasmic organelles into eosinophilic hyaline-like droplets and the plasma 

membranes were occasionally disrupted. Additional degenerative changes included a ballooning degeneration, 

lacking acidophilic droplets and a diffuse vacuolar degeneration in one male at 1500 ppm. Sections of liver in one 

male at 4500 ppm contained areas of sinusoidal ectasia with subsequent atrophy of adjacent hepatocytes and 

focal haemorrhage with a mild non-suppurative inflammatory infiltrate in the portal areas. Lesions in the kidney 

noted in 2/4 females at 1500 ppm, 3/4 females at 4500 ppm and 2/4 males at 4500 ppm were very mild, focal and 

involved primarily the proximal convoluted tubules. The lesions were epithelial degeneration or nephrosis. 

Conclusions 

The NOAEL in dogs following 26 weeks of dietary exposure to polihexanide was 500 ppm of the 20 % aqueous 

solution (ie 100 ppm of polihexanide or approximately 2.5 mg/kg bw/d), based on histopathological alterations in 

the liver and kidneys (bile stasis, focal hepatocellular degeneration and necrosis, and focal proximal tubular 

nephrosis) from the next highest dose of 1500 ppm of the 20% aqueous solution (300 ppm polihexanide or 

approximately 7.5 mg/kg bw/d). This study is of reduced regulatory value due to deficiencies in parameters 

measured. 
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IIA 5.3.4—(1–year dog) 

Horner SA (1995) Polyhexamethylene Biguanide: One-year Dietary Toxicity Study in Dogs. Zeneca Central 

Toxicology Laboratory. Alderley Park, Macclesfield, Cheshire, UK. Report No. CTL/P/4488; Study No. 

PD0947. Unpublished. Report date: March 1, 1995. Study period: May 1993 – May 1994. 

Test compound: Vantocil P (20% polihexanide) 

Batch: D4097/Y00156/008 

Test species: 

Dog, Beagle; 4 dogs/sex/dose; age: 17–20 weeks; source 

Zeneca Pharmaceuticals. Alderley Park, Macclesfield, 

Cheshire, UK. 

Laboratory: 
Zeneca Central Toxicology Laboratory. Alderley Park, 

Macclesfield, Cheshire, UK. 

GLP & QA: Yes 

Guideline: None stated 

Method 

Polihexanide (batch reference number D4097, CTL reference number Y00156/008; Vantocil P, a 20.2% w/w 

solution in water supplied by Zeneca Specialities) was mixed in the diet and fed to 4 Beagle dogs /sex/dose for  

1 year at levels of 0, 300, 1500 or 3000 ppm (equivalent to 0, 9, 46 and 91 mg/kg bw/d for males and 0, 9, 45 and 

91 mg/kg bw/d for females). The original high dose level of 4500 ppm was reduced to 3000 ppm from day 1 of 

week 11 or 12 of treatment, due to unexpected mortalities and clinical signs. There was no rationale given for the 

choice of these dietary levels. Dogs were sourced from Zeneca Pharmaceuticals, Alderly Park, Macclesfield, 

Cheshire, UK and housed individually under standard conditions. Dogs were approximately 17–20 weeks old at 

the start of the experiment. Male dogs received 400 g and females received 350 g of laboratory diet (± test 

substance) each morning. Water was available ad libitum. Dogs were observed daily for mortalities or clinical 

signs. All dogs were given a full clinical examination pre-study, during weeks 13, 26, 39 and prior to termination 

which included cardiac and pulmonary auscultation and indirect ophthalmoscopy. Body weight was recorded on 

day 1 of study and then at weekly intervals. Any uneaten food was weighed on a daily basis throughout the 

treatment period.  
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Blood samples were taken from all dogs prior to feeding at weeks -1, 4, 13, 26 and 52 (prior to termination). The 

following haematology parameters were analysed: haemoglobin, haematocrit, red cell count, mean cell volume, 

mean cell haemoglobin, total and differential white cell count and platelet count. The following clinical chemistry 

parameters were analysed: ALT, AST, creatinine kinase, ALP and GGT, BUN, creatinine, glucose, albumin, total 

protein, triglycerides, cholesterol, total bilirubin, calcium and phosphorous (as phosphate), sodium, potassium and 

chloride. Urine was collected pre-experimentally, in weeks 26 and 52 and analysed for the following: volume, pH, 

specific gravity, protein, glucose, bilirubin, urobilinogen, ketones and blood. All survivors were sacrificed at the end 

of the 1–year treatment period by exsanguination under sodium pentobarbitone anaesthesia. These, along with 

any dogs that died during the study, were subjected to a full necropsy. The following organs were weighed: 

adrenal glands, brain, epididymides, kidneys, liver, testes and thyroid gland. The following organs were 

histopathologically examined: adrenal gland, aorta (abdominal), bone (femur + stifle joint), bone marrow (sternum), 

brain, caecum, cervix, colon, duodenum, epididymis, eye, gall bladder, heart, ileum, jejunum, kidney, liver, lung, 

lymph node (mesenteric), lymph node (prescapular), mammary gland, prostate, rectum, salivary gland 

(submandibular), sciatic nerve, skin, spinal cord, spleen, stomach testis, thymus, thyroid gland, parathyroid gland, 

trachea, urinary bladder, uterus, voluntary muscle (semimembranosus) and grossly abnormal tissues. The 

statistical methods used for analysis of test parameters were considered appropriate. The following parameters 

were analysed: body weight, haematology, clinical chemistry, urinalysis and organ weight.  

Results 

Dietary analysis of polihexanide: Measurement of achieved concentration, homogeneity and stability in diet was 

not performed due to the lack of a reliable method for quantitative analysis for polihexanide in the diet and 

problems encountered in extracting the compound from the diet. However, nominal concentrations were analysed 

for each large batch of diet prepared at 300 and 4500 ppm (~60 kg batches) with percentage deviations of within 

6–15% of the overall mean. 

Mortalities and clinical signs: Three of 4 males and one of 4 females receiving 4500 ppm/3000 ppm were killed 

prematurely during the study (as early as week 9 for males and week 35 for the female) after displaying severe 

and unexpected clinical signs of toxicity. This included marked reddening/peeling of scrotal skin (noted as early as 

week 3), lack of appetite and body weight loss (noted as early as week 5) and/or indications of hepatotoxicity 

(elevated plasma ALT and AST as early as weeks 4 and 8). The original high dose level of 4500 ppm was reduced 

to 3000 ppm from day 1 of week 11 or 12 of treatment due to these findings. Similar scrotal lesions were also 

apparent for the surviving male dog at 4500 ppm. Lack of appetite and body weight loss was also apparent for two 

of the three surviving females at this dose. Scrotal skin reddening, peeling, scabbing and/or dryness, with flaky 

scaly appearance was observed in males at the same incidence (2/4 animals) in control, 300 ppm and 1500 ppm 

groups, but not as marked as those seen for the 4500/3000 ppm group. Various other clinical findings were not 

considered treatment-related as they were either sporadic in nature or occurred at similar incidences as in 

controls. Full clinical examination of all dogs revealed no treatment-related ophthalmoscopic abnormalities or 

effects on pulse rate or body temperature.  

Body weight and food consumption: A significant loss of body weight was observed in both sexes receiving 4500 

ppm. Following reductions of the high dose level to 3000 ppm from weeks 11/12, no significant effects on body 

weight were observed compared to controls. A corresponding pattern for food consumption was observed, in that 

a significant reduction was noted in both sexes at 4500 ppm but was comparable to controls upon dose reduction 

to 3000 ppm.  
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Haematology, clinical chemistry and urinalysis: There were no treatment-related effects on any of the haematology 

parameters tested. Marked increases in plasma ALT and AST were noted in animals that were prematurely 

sacrificed. A marked increase in plasma ALT (by 90%) was observed in a few surviving animals at a dose of 4500 

ppm/3000 ppm from as early as week 8. Due to the variability within the group (large standard deviations), the 

higher mean values only achieved statistical significant differences from controls at weeks 13/42 in males and 

weeks 13/17/21/26 in females. Decreases in plasma cholesterol (by 25%) in surviving animals were considered 

treatment-related at the high dose of 4500/3000 ppm (Table 18). As shown, cholesterol values in female dogs 

were statistically significantly reduced from weeks 4–52 (22–47%) in comparison with both pre-experimental 

values and/or concurrent study controls. 

Table 18: Treatment related mean clinical chemistry alterations in dogs 

Week 

Dietary level (ppm) 2 

Males Females 

0 300 1500 4500/3000 0 300 1500 4500/3000 

Plasma cholesterol (mg/100 mL)  

Week 0 121 125 135 120 153 145 135 162 

Week 4 156 153 145 124** 174 175 148* 136** 

Week 13 153 138 140 117* 181 183 162 111** 

Week 26 150 138 123 113 191 179 153* 91** 

Week 52 133 130 122 132 170 179 180 102** 

Plasma Aspartate Transaminase (IU/l)  

Week 0 17.5 16.8 19.0 18.5 17.5 16.5 17.0 15.8 

Week 4 14.8 17.9 14.7 29.6* 21.1 16.2 16.2 25.8 

Week 10 22.2 26.9 15.4 28.0 16.1 15.1 13.1 67.1 

Week 13 17.2 16.8 19.2 24.4 15.9 17.8 24.8* 19.5 

Week 26 20.9 17.6 19.8 27.8 14.0 17.9 23.2 22.3 

Week 42 24.8 16.1 23.1 28.2 21.1 20.5 18.1 20.5 

Week 52 20.3 15.2 18.8 25.0 16.7 24.4 54.6 13.8 

Plasma Alanine Transaminase (IU/l) 

Week 0 19.8 16.0 21.5 19.5 18.0 18.8 18.3 16.3 

Week 4 19.6 22.1 25.2 29.4 25.1 19.0 24.8 20.3 

Week 8 25.4 34.5 25.2 232.5 20.8 22.5 29.4 89.1 
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Week 

Dietary level (ppm) 2 

Males Females 

0 300 1500 4500/3000 0 300 1500 4500/3000 

Week 10 22.5 22.5 25.0 70.5 2.6 117.2 81.8 198.9 

Week 13 25.7 30.5 35.5 53.7** 25.0 24.4 35.6 53.9** 

Week 17 31.3 33.9 35.8 57.0 23.4 29.3r 40.4 64.9** 

Week 21 30.0 28.7 32.3 61.3 22.0 36.1 44.5 60.2* 

Week 26 33.3 30.4 39.0 88.5 27.2 31.3 47.3 103.7* 

Week 42 39.8 34.8 40.5 145.4** 25.2 28.3 35.1 43.0 

Week 52 40.4 35.1 34.2 67.5 30.1 44.3 74.2 47.9 

n=4/sex; 1 The 4500 ppm dose was reduced to a level of 3000 ppm on day 1  

of weeks 11 or 12; * p<0.05, ** p<0.01 

Urinalysis test results did not reveal any treatment-related changes.  

Pathology: Relative organ weights were not reported in this study. The absolute adrenal weights of male dogs 

were statistically significantly increased at a dose of 3000 ppm by 23% versus controls (Table 19). The absolute 

kidney weights of the surviving male dog was statistically significantly increased at a dose of 3000 ppm by 54% 

versus controls. In the absence of corresponding histopathological findings, the increases in adrenal and kidney 

weights were not considered treatment-related. The absolute liver weight of male dogs was decreased by 14% at 

a dose of 3000 ppm, but was not statistically significantly different from controls. The absolute weights of the 

testes were statistically significantly decreased at a dose of 3000 ppm by 53% versus controls. These effects were 

considered treatment-related due to the histopathological observations noted at this dose level. 

Table 19: Mean absolute organ weight changes in dogs 

 Males Females 

0 300 1500 3000 0 300 1500 3000 ppm 

Adrenal glands 1.30 1.41 1.50 1.83* 1.60 1.65 1.67 1.65 

Kidneys 55.8 58.4 62.5 85.8* 53.9 55.4 57.6 60.5 

Liver 401 390 388 343 332 382 388 352 

Testes 21.6 22.3 23.8 10.1* – – – – 

1 At 3000 ppm, n=1 male and n=3 females; * p<0.05 
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Histopathology: Treatment-related changes were only observed at the highest dose of 4500/3000 ppm in the skin, 

liver, kidney and testis of dogs:  

 Dermatitis, featuring necrosis, parakeratosis and microabscess formation, was observed on the limbs and/or 

scrotum of 2 males and on the limbs and chin of one female that were sacrificed prematurely at a dose level of 

4500/3000 ppm. Changes of this type are not common spontaneous lesions and were readily distinguishable 

from the mild inflammatory changes (acanthosis, hyperkeratosis and mononuclear cell infiltration) which do 

occur spontaneously in control and treated dogs.  

 Liver changes were characterised by the presence of large eosinophilic intracytoplasmic inclusion bodies in 

centrilobular and midzonal hepatocytes, and to a lesser extent cellular swelling and single cell necrosis.  

 Minimally increased hyaline droplet formation was observed in the kidney of all males that were prematurely 

sacrificed but not in the surviving male.  

 Bilateral testicular tubular degeneration was observed in 2/4 males (one that had been prematurely sacrificed 

and one that survived to termination). This resulted in a low testis weight for the surviving animal and was 

accompanied by Leydig cell hyperplasia.  

Conclusion 

The NOAEL in dogs following dietary exposure to polihexanide for 1 year was 1500 ppm  

(approximately 46 mg/kg bw/d in males and 45 mg/kg bw in females) based on clinical chemistry changes in 

females (increased plasma ALT and decreased plasma cholesterol), decreased liver and testis weights in males 

and accompanying histopathological alterations at the highest dose (3000 ppm). 
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IIA 5.4—Genotoxicity 

Tables 20 and 21 summarise the findings of in vitro and in vivo genotoxicity studies.  

Table 20: Summary of in-vitro genotoxicity studies 

Assay 
Bacterial strain or 

cell type 
Conc. or dose Batch/purity Metab. Act. Result Reference 

Reverse 

mutation in 

bacteria 

S. typhimurium 

TA1535 

TA1537 

TA1538 

TA98 

TA100 

0.32, 1.6, 8.0, 

40, 200 & 500 

µg/plate, with 

and without 

activation 

BX2125/ 

Purity not 

presented 

 

+, - 

+, - 

+, - 

+, - 

+, - 

 

 

 

-, - 

-, - 

-, - 

+/-, - 

-, - 

 

Callander 

(1989) 

Mammalian 

Chromoso

me 

Aberration 

Test (In 

vitro) 

Human 

lymphocytes 

25, 100 & 250 

µg/ml for donor 

1 &  25, 100 & 

187.5 µg/ml for 

donor 2, with 

activation 

 

5, 25 & 50 

µg/ml, without 

activation for 

both donors. 

BX2125/ 

Purity not 

presented 
+, - -, - 

Howard 

CA (1989) 

Results (+, positive; -, negative or +/-, equivocal) are expressed relative to the presence (+) or absence ( -) of 

metabolic activation. 

Table 21: Summary of in-vivo genotoxicity studies 

Assay Species (strain) Dose Batch/purity Result Reference 

Micronucleus 

(bone marrow 

cells) 

Mouse 

C57BL/6JfCD-1 

250 & 400 

mg/kg bw 

BX2125 Ex, 

Purity not 

presented 

- 
Randall V and Beck 

SL (1989) 

Unscheduled DNA 

synthesis 

(hepatocytes) 

Rat (Alpk:APfSD) 
375, 750 & 1500 

mg/kg bw 

BX2125 

Purity not 

presented 

- Trueman RW (1989) 

Results are expressed as +, positive; -, negative; +/-, equivocal. 

Conclusion 

All studies were performed according to standard methodology. The weight of evidence indicates that polihexanide 

is not genotoxic. 
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IIA 5.5—Long-term toxicity and carcinogenicity 

IIA 5.5.3—Carcinogenicity study (mouse) 

Milburn GM (1996) Polyhexamethylene biguanide: Two-year oncogenic study in mice. Zeneca Central 

Toxicology Laboratory Report No. CTL/P/4649 (SK104TJ), Study No. PM0937. Unpublished. Report date: 

June 21, 1996. 

Test material: Poly(hexamethylenebiguanide) hydrochloride (PHMB) = 

polihexanide 

Batch/purity: Sample D4079 / 20.2% w/w aqueous solution 

Test species: Mice: C57BL/10J fCD-1/Alpk; 55/sex/dose; age 5–6 wk, bw 

males 14.2–24.7 g, females 12.5–20.6 g, source Barriered 

animal breeding unit, Zeneca Pharmaceuticals, Alderley Park, 

Macclesfield UK 

Study duration: In life dates 26 October 1992 to 30 October 1994; sign off date 

12 May 1998 

Laboratory: Zeneca Central Toxicology Laboratory, Macclesfield, UK.  

GLP & QA: Yes 

Guidelines: No 

 

Dosing method Vehicle 
Observation 

period 
Dose tested* NOAEL 

Dietary for 2 years None Duration of study 

0, 400, 1200 or 4000 ppm 

polihexanide (0, 55, 167 

or 715 mg/kg bw/d for 

males or 0, 69, 217 or 

856 mg/kg bw/d for 

females) 

400 ppm 

(equivalent to 

approximately 55 

mg/kg bw/d) 

Method 

A 20.2% aqueous solution of polihexanide  was mixed in the diet and fed to 55 mice/sex/dose at 0, 400, 1200 or 

4000 ppm (equivalent to 0, 54.7, 167 and 715 mg/kg bw/d in males and 0, 69, 216.5 and 855.53 mg/kg bw/d for 

females) for two years. 
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The mice were kept in standard laboratory caging under standard environmental conditions. There maintained on 

a 'CT1' diet and municipal tap water provided ad libitum. The study report stated that due to extreme difficulty in 

extracting the compound from the diet, measurements of achieved concentration, homogeneity and stability in the 

diet were not performed. However, an aqueous solution of methyl violet (an ionically similar compound), equivalent 

to the lowest and highest dose levels of the experiment diet, was used to test the homogeneity of the mixing 

procedure. This analysis was performed approximately every six months and revealed that deviations from the 

overall mean concentration were within 10% of the nominal concentration. 

Mortality and clinical signs were observed daily. Body weight and food consumption were recorded weekly for the 

first 12 weeks and twice monthly thereafter. Blood was collected from 11 mice/sex/dose in weeks 52 and 79 for 

haematological analysis. All animals that died or were killed in extremis and those sacrificed on schedule were 

subjected to gross pathological examinations. Absolute and relative organ weights were measured and included: 

liver, adrenals, kidneys, spleen, brain and testes. The following were examined microscopically: liver, kidney, 

spleen, heart, lung, adrenals, pancreas, gonads, thymus, thyroid, pituitary, pancreas, oesophagus, stomach, 

duodenum, jejunum, ileum, caecum, colon, rectum, oral cavity, salivary gland and mesenteric lymph nodes, gall 

bladder, trachea, pharynx, larynx, ovaries, uterus, vagina, cervix, bones, skeletal muscle, skin, spinal cord, brain 

(cerebrum, cerebellum and pons), aorta, testes, epididymides, prostate and seminal vesicles, mammary gland, 

cervix, anus and recto-anal junction.  

All statistical tests were two-sided and all analyses were performed separately for males and females. Body 

weights were analysed by analysis of covariance and body weight change data were analysed by analysis of 

variance and covariance. Survival estimates were calculated separately by sex and treatment group. Intergroup 

comparisons of mortality comparing controls to treatment groups and an overall test for trend were performed. 

Tumour incidence and incidence of tumour types were compared for controls and treatment groups at selected 

time points and time intervals using Fisher's Exact Test. An additional test for trend with group numbers was 

performed using the Cochran-Armitage Test. Specific tumours were analysed further to allow for time-to-tumour 

using a prevalence analysis, a death rate analysis and a combined analysis. 

Results 

Clinical signs & mortality: The survival rate was comparable among all male groups including the control group 

(table 22). In females, the survival rate at 4000 ppm was 12% lower than control at study termination. Anal 

swelling and discharge were the main treatment-related clinical observations. At 4000 ppm, there were 16 males 

and 5 females with swollen anuses, sometimes accompanied by anal discharge, wet/dry sores and/or scabs in the 

anal region. One female at 1200 ppm had anal swelling.  

An increased incidence of irregular breathing was seen in both sexes in the 4000 ppm dose group. All females in 

all treated groups had an increase in abnormal respiratory noise, but this did not correlated to histopathological 

findings. There was an increase in the number of mice with torn ears and hairloss at 400 and 1200 ppm. 
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Table 22: Mouse survival rates 

Weeks 
Male (%) Female (%) 

0 400 1200 4000 0 400 1200 4000 

1 100 100 100 100 98 98 98 95 

13 100 98 100 93 98 98 98 93 

52 100 96 100 93 98 96 98 89 

68 98 96 96 87 98 96 96 82 

80 89 85 89 75 85 96 89 71 

92 65 73 82 64 75 84 82 45 

104 47 56 71 49 55 69 65 33 

Food consumption and body weight: At 4000 ppm, body weight gain was severely reduced in both sexes during 

treatment compared to control animals (p < 0.01), despite an increase in food consumption (around 10–20% 

higher). By study termination, body weight gain was reduced by almost 50% in males and around 30% in females.  

Table 23: Changes in mean body weight gain (g) for both sexes 

Group Male Female 

0 400 1200 4000 0 400 1200 4000 

Weeks 0–25 

bw gain 11.4 11.7 11.1 8.2** 7.4 7.4 7.4 7.0** 

Weeks 0–51 

bw gain 14.5 14.9 13.7 9.6** 10.4 10.7 10.1 8.3** 

Weeks 0–81 

bw gain 15.8 15.9 14.0 8.9** 11.9 12.5 10.8 8.0** 

Weeks 0–105 

bw gain 12.8 13.6 12 6.8** 10.9 10.7 10.8 7.5** 

*: p<0.05; **: p<0.01 
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Haematology: Haematological findings were unremarkable. Reticulocyte counts were not measured. 

Absolute and relative organ weights: Both absolute and relative testicular weights were significantly decreased (p 

< 0.01) for males at 4000 ppm (decreases of 24 and 15% respectively). Absolute and relative adrenal weights 

were significantly decreased at 4000 ppm (decreased 33%, p < 0.01 and 22%, p < 0.05 respectively) in females 

only. There were no other treatment related effects on absolute and relative organ weights. 

Pathology: Tables 24, 25 & 26 show the incidence of gross pathological findings, neoplastic and non-neoplastic 

lesions. Organs/tissues affected included the recto-anal junction, liver, spleen and gall bladder. Gross 

examinations revealed an increased incidence of prolapse and/or swollen anus in both sexes at 4000 ppm  

(Table 55). This correlated microscopically with a dose-related increased incidence at 1200 and 4000 ppm of 

inflammation (1200/4000 ppm: M 44%/81% vs 2% controls, F 47%/74% vs 20% controls) and squamous cell 

hyperplasia (1200/4000 ppm: M 24%/11% vs 0% controls, F 21%/6% vs 0% controls for squamous epthielial 

hyperplasia). In addition there was an increased incidence of squamous cell carcinoma in both sexes at 4000 ppm 

(M 10% and F 21% vs controls 0%). Adenocarcinoma was also observed in 1/49 male at 4000 ppm. 

Table 24: Incidence of selected gross pathological findings 

Site 
Male [n=55] (% incidence) Female [n=55] (% incidence) 

0 400 1200 4000 0 400 1200 4000 

Ear 

Pinna traumatised 2 (4) 3 (5) 20 (36) 15 (27) 2 (4) 7 (13) 24 (44) 12 (22) 

Liver 

Mass Type 1* 5 (9) 3 (5) 7 (13) 14 (23) 4 (7) 2 (4) 3 (5) 8 (15) 

Multiple masses 5 (9) 4 (7) 2 (4) 7 (13) 5 (9) 0 (0) 6 (11) 7 (13) 

Gall bladder 

Distended 6 (11) 3 (5) 4 (7) 27 (49) 5 (9) 1 (2) 6 (11) 26 (47) 

Caecum 

Distended 0 (0) 0 (0) 0 (0) 5 (9) 0 (0) 0 (0) 2 (4) 7 (13) 

Enlarged 0 (0) 0 (0) 0 (0) 2 (4) 0 (0) 0 (0) 0 (0) 4 (7) 

Spleen 

Pale areas 8 (15) 5 (9) 3 (5) 2 (4) 5 (9) 1 (2) 3 (5) 4 (7) 

Pale spots 5 (9) 4 (7) 3 (5) 2 (4) 5 (9) 2 (4) 0 (0) 1 (2) 

Mesenteric lymph nodes 

Enlarged 21 (38) 17 (31) 4 (7) 8 (15) 21 (38) 13 (24) 5 (9) 9 (16) 
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Site 
Male [n=55] (% incidence) Female [n=55] (% incidence) 

0 400 1200 4000 0 400 1200 4000 

Red 16 (29) 10 (18) 9 (16) 7 (13) 23 (42) 24 (44) 3 (5) 6 (11) 

Red areas 13 (24) 8 (15) 7 (13) 5 (9) 10 (18) 5 (9) 4 (7) 5 (9) 

Anus 

Prolapse 0 (0) 0 (0) 0 (0) 2 (4) 0 (0) 0 (0) 0 (0) 0 (0) 

Swollen 0 (0) 0 (0) 0 (0) 10 (18) 0 (0) 0 (0) 0 (0) 4 (7) 

Testes 

Reduced**  9 (16) 9 (16) 8 (15) 17 (31) – – – – 

Seminal vesicles 

Enlarged 18 (33) 17 (31) 22 (40) 2 (4) – – – – 

Uterus 

Mass Type 1* – – – – 2 (4) 1 (2) 2 (4) 0 (0) 

* The term Type 1 mass was not defined; **The term 'reduced' was not defined.  

In the liver, an increased incidence of masses in both sexes at 4000 ppm correlated with increased incidences of 

haemangiosarcoma in the liver (Table 7). For the 0, 400, 1200 and 4000 ppm groups, the incidence in males was 

7, 4, 13 and 36 % and females 0, 0, 7 and 24%. Most of the haemangiosarcomas were in animals that died well 

before study termination (most died between weeks 39–70), the earliest being 39 and 42 weeks in males and 

females, respectively. The incidence of haemangiosarcoma in concurrent controls was within the range of 

historical controls for mice which was provided by the applicant (2–15% for males and 0–9% for females). The 

incidence of haemangiosarcoma at 1200 ppm in both sexes was higher than the concurrent controls but was 

within the historical control range, and thus was not considered to be treatment-related.  
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Table 25: Incidence of neoplastic lesions 

Site 
Male (% incidence) Female (% incidence) 

0 400 1200 4000 0 400 1200 4000 

Haemangiosarcoma  

Liver 
4/55 

(7) 

2/55 

(4) 

7/55 (13) 2055 (36) 0/55  

(0) 

0/55   

(0) 

4/55  

 (7) 

13/55 

(24) 

Squamous cell carcinoma  

Recto-anal junction 
0/45  

(0) 

0/45  

(0) 

0/45   

(0) 

5/49 (10) 0/45  

(0) 

0/45  

 (0) 

0/47  

 (0) 

8/39 

(21) 

Adenocarcinoma  

Recto-anal junction 
0/45 

(0) 

0/45 

(0) 

0/45  

(0) 

1/49  

(2) 

0/45 (0) 0/45  

(0) 

0/47  

(0) 

0/39  

(0) 

Papilloma (benign) 

Gall bladder 
0/45 

(0) 

0/43 

(0) 

0/45  

(0) 

2/48  

(4) 
– – – – 

Note: neoplastic lesions specified here are malignant except where indicated.  

Non-neoplastic lesions in the liver such as hepatocyte hypertrophy, induction of ploidy (DNA synthesis) and 

increased pigmentation (lipofuscin and haemosiderin) were also observed in both sexes at 1200 and 4000 ppm 

(Table 25), without a corresponding effect on liver weight. Hepatocyte hypertrophy and increased ploidy occurred 

in 38–53% of mice at 4000 ppm, 13–35% at 1200 ppm, with a single instance only in each sex at 400 ppm. 

Extramedullary haematopoiesis occurred in the liver with an increased incidence at the high dose. A clear dose-

response relationship was not seen at lower doses. At 4000 ppm, 5/20 males and 5/13 females displaying 

haemangiosarcoma in conjunction with these non-neoplastic lesions, survived until study termination. At 1200 

ppm, 1/7 males and 0/20 females had non-neoplastic lesions as well as haemangiosarcoma in the liver. There was 

a correlation between increased extramedullary haematopoiesis in the spleen and haemangiosarcoma. At 4000 

ppm, moderate to marked increased extramedullary haematopoiesis in the spleen was noted in 14/20 males and 

in 10/13 females that had haemangiosarcoma. A clear dose-response relationship was not seen at lower doses. 

Haematopoiesis may be a response to bleeding from these vascular tumours.  

The incidence of luminal dilatation in the gall bladder was increased in both sexes at 4000 ppm, as compared to 

controls. In addition, a dose related increase in epithelial hyperplasia was noted in both sexes at 1200 and 4000 

ppm, and at 4000 ppm, two males only had gall bladder papillomas. The papillomas may be due to chronic 

irritation, as for the findings in the recto-anal region, as epithelial hyperplasia is also present. 
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Table 26: Incidence of selected non or preneoplastic lesions* 

Site  Male [n=55] (% incidence) Female [n=55] (% incidence) 

0 400 1200 4000 0 400 1200 4000 

Gall bladder 

Luminal dilatation 9 (20) 3 (7) 6 (13) 23 (48) 1 (2) 2 (4) 5 (9) 18 (39) 

Epithelial hyperplasia 0 (0) 1 (2) 2 (4) 12 (25) 0 (0) 0 (0) 3 (6) 6 (13) 

Liver 

Hepatocyte hypertrophy 0 (0) 1 (2) 7 (13) 29 (53) 0 (0) 1 (2) 19 (35) 27 (49) 

Increased ploidy 0 (0) 1 (2) 7 (13) 29 (53) 0 (0) 1 (2) 20 (36) 21 (38) 

Hepatitis 4 (7) 3 (5) 5 (9) 15 (27) 8 (15) 8 (15) 13 (24) 15 (27) 

Increased Pigmentation 0 (0) 0 (0) 3 (5) 20 (36) 0 (0) 1 (2) 6 (11) 23 (42) 

Increased extramedullary 

haematopoiesis 
4 (7) 8 (14) 4 (7) 12 (22) 3 (4) 6 (10) 5 (9) 10 (18) 

Recto-anal junction (n=45 for females except at 4000 where n=49 for females)  

Inflammation 1 (2) 1 (2) 20 (44) 40 (84) 10 (21) 4 (9) 22 (47) 29 (74) 

Squamous epithelial 

hyperplasia 
0 (0) 0 (0) 5 (11) 12 (24) 0 (0) 0 (0) 3 (6) 8 (21) 

Squamous metaplasia 

rectal glands  
0 (0) 0 (0) 1 (2) 7 (14) 0 (0) 0 (0) 1 (2) 2 (5) 

Spleen 

Increased extramedullary 

haematopoiesis 
9 (16) 7 (13) 5 (9) 19 (34) 17 (31) 14 (25) 14 (25) 24 (43) 

*The per cent incidence calculations were conducted by the US EPA reviewer on assumptions as to the group size examined. No 
attempt has been made to correct per cent incidence. 

Carcinogenicity: In this study carcinogenic effects were observed at the high dose (4000 ppm) in both sexes. 

Specifically: 

 malignant haemangiosarcomas were observed in both sexes at 2–3 times the rate observed in concurrent 

controls, and above historical control incidence. 

 malignant squamous cell carcinomas were observed in both sexes at the recto-anal junction, and 

 the early haemangiosarcomas appeared prior to the end of the first year of the study and contributed to the 

early death of the high dose mice. 
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Conclusions 

The NOAEL was 400 ppm (equivalent to approximately 55 mg/kg bw/d (M) and 69 mg/kg bw/d (F)) in this two-year 

carcinogenicity study in mice, based on toxicity in the liver and lesions at the recto-anal junction at higher doses, 

from 1200 ppm. A statistically significant increased incidence of haemangiosarcoma (above historical and 

concurrent controls) was seen in the liver and an increased incidence of squamous cell carcinoma at the recto-

anal junction at 4000 ppm (700–850 mg/kg bw/d), the highest dose tested. Both tumour types were associated 

with an increased incidence of inflammation and hypertrophy in these tissues. 

IIA 5.5.1—Carcinogenicity study (rat) 

Horner SA (1996) Polyhexamethylene biguinide. Two-year oncogenic study in rats. Central Toxicology Laboratory 

Report No. CTL/P/4663. Study No. PR0936. Unpublished. Report date: June 5, 1996. 

Test material: Poly(hexamethylenebiguanide) hydrochloride (PHMB)  

Batch/purity: Sample D4079 / 20.2% w/w aqueous solution  

Test species: Rat: Alpk:APfSD; age: 6 wks: bw: males 97.1–180.0 g, females 

91.9–154.0 g; source: Barriered animal breeding unit, Zeneca 

Pharmaceuticals, Alderley Park, Macclesfield UK 

Study duration: In life dates 10 November 1992 to 26 November 1994 

 

Laboratory: Zeneca Central Toxicology Laboratory, Macclesfield, UK. 

GLP & QA: Yes 

Guidelines: None 

 

Dosing method Vehicle 
Observation 

period 
Dose tested  NOAEL 

64 rats/sex/dose were 

fed diets containing 

polihexanide for 2–yr. 

An interim sacrifice of 

12 rats/sex/dose 

Water and 

feed 

Duration of 

study 

0, 200, 600 or 2000 ppm 

polihexanide 

(0, 12.1, 35.3 or 126.1 

mg/kg bw/d for males and 

14.9, 45.3 or 162.3 mg/kg 

bw/d for females) 

600 ppm (approx. 

36 mg/kg bw/d 

polihexanide) 

Method 

A 20.2% aqueous solution of polihexanide was mixed in the diet and fed to 64 Wistar rats/sex/dose at 0, 200, 600 

or 2000 ppm (equivalent to 0, 12.1, 36.3 and 126.1 mg/kg bw/d in males and 0, 14.9, 45.3 and 162.3 mg/kg bw/d 

for females) for two years. An interim sacrifice (12 rats/sex/dose) was conducted at 52 weeks. 
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The rats were kept in standard laboratory cages under standard environmental conditions. They were maintained 

on 'Laboratory Diet A' and 'CT1' diet and filtered tap water provided ad libitum. The study report stated that due to 

extreme difficulty in extracting the compound from the diet, measurements of achieved concentration, 

homogeneity and stability in the diet were not performed. However, an aqueous solution of methyl violet  

(an ionically similar compound), equivalent to the lowest and highest dose levels of the experiment diet, was used 

to test the homogeneity of the mixing procedure. This analysis was performed approximately every six months and 

revealed that deviations from the overall mean concentration were within 10% of the nominal concentration. 

Mortality and clinical signs were observed daily. Body weights and food consumption were recorded weekly for the 

first 14 weeks and twice monthly thereafter. Blood was collected from 13 rats/sex/dose of the main group in weeks 

14, 27, 53 and 79 for haematological and clinical chemistry examinations. At the interim kill in week 53 and at 

study termination in week 105, blood was collected from all surviving animals. All animals that died or were killed 

in extremis and those sacrificed on schedule were subjected to gross pathological examinations. Absolute and 

relative organ weights were measured and included: brain, liver, heart, lung, adrenals, kidneys and spleen. A 

standard array of organs and tissues were examined grossly and histologically (Appendix VI). 

Results 

The survival rate was comparable among all male groups including the control group (Table 27). In females, the 

survival rate was 13% lower in the 2000 ppm group than in controls. There were no overt signs of toxicity or 

abnormal behaviour observed during the study.  

Table 27: Survival (%) 

Weeks Males Females 

0 200 600 2000 0 200 600 2000 

1 100 100 100 100 100 100 100 100 

13 100 100 100 100 100 100 100 100 

52 100 97 97 92 100 100 98 82 

68 94 93 89 88 96 94 91 88 

80 85 83 78 81 88 88 81 80 

92 79 63 58 68 83 85 79 71 

104 42 40 41 45 52 65 56 39 

Female rats fed 2000 ppm polihexanide had a decrease in body weight gain compared to control animals 

(10–15%; p<0.05). Food consumption and food efficiency, however, was not affected by treatment (Table 28).  
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Table 28: Changes in mean body weight gain (g) for both sexes 

Group Male Female 

0 200 600 2000 0 200 600 2000 

Weeks 0–26 

bw gain 375 378 367 350 156 150 153 143 

Weeks 0–52 

bw gain 457 460 448 432 206 195 191 180* 

Weeks 0–80 

bw gain 451 457 452 432 260 255 245 222* 

Weeks 0–104 

bw gain 329 359 363 338 233 239 225 203* 

*-Statistically significant, p<0.05 

Haematology, clinical chemistry and urinalysis: There were no statistically significant differences in haematological 

and urinalysis values when compared to their respective control values. Plasma ALP activity was increased in 

female rats at 2000 ppm throughout the study (Table 29) and increased in males at the same dose at 145 weeks 

only. 

Table 29: Plasma ALP activity 

Weeks Males Females 

0 200 600 2000 0 200 600 2000 

14 179 173 176 244** 117 111 120 167** 

27 176 168 165 202 90 86 99 143** 

53 206 178 179 213 79 78 75 122** 

79 166 143 148 166 72 68 67 106** 

105 142 159 145 154 74 79 65 129** 

**p<0.01; n=13/sex 

Pathology: There were no observed differences in organ weights or organ–to–body weight ratios. Gross 

examinations of organs revealed no remarkable findings. Histologically, haemangioma in the liver was observed in 

2/64 males and 2/64 females at 2000 ppm. Haemangiosarcoma in the liver was observed in 1/64 females at 2000 

ppm (Table 30). With one exception, all of the vascular neoplasms in the liver were observed only at the terminal 

necropsy. One female with hepatic haemangioma was killed in week 91 in a moribund condition for reasons 

unrelated to the vascular neoplasm. The author stated that in 18 carcinogenicity studies in Zeneca laboratories 

(number of animals unspecified) using this strain of Wistar rat, there had been one liver haemangiosarcoma and 

no haemangioma in males. No findings of haemangiosarcoma or haemangioma in the liver had been observed in 

female rats. Since these tumours in the liver are rare in this strain of rat and similar lesions were observed in the 

mouse carcinogenicity study, they were considered to be treatment–related. 
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Table 30: Incidence of liver haemangioma and haemangiosarcoma in the liver 

Weeks Males Females 

0 200 600 2000 0 200 600 2000 

Haemangioma 0 0 0 2 0 0 0 2 

Haemangiosarcoma 0 0 0 0 0 0 0 1 

n=64/sex 

Conclusion 

The NOAEL was 600 ppm (equivalent to approximately 36 mg/kg bw/d; 36.3 mg/kg bw/d in males,  

45.3 mg/kg bw/d in females) in this 2–year feeding study in rats, based on decreased body weight gain, increased 

ALP activity and the presence of haemangioma and haemangiosarcoma (female only) in the liver at the highest 

dose (2000 ppm).  

IIA 5.10.1—Long-term dermal study (mouse) 

Clapp MJL (1990) Eighty–Week Skin Painting Study In Mice. ICI Central Toxicology Laboratory, 

Macclesfield, UK. Report No. CTL/P/331. Report date: July 1990. Unpublished.  

Test compound: Polihexanide (20% solution) 

Batch: SDC/596 

Test species: 

Mouse, SPF; 50 mice/sex/dose; age: 4–5 weeks; source: 

Barriered Animal Breeding Unit, Zeneca Pharmaceuticals, 

Alderly Park, Macclesfield, Cheshire, UK 

Laboratory: 
Zeneca Central Toxicology Laboratory. Alderley Park, 

Macclesfield, Cheshire, UK. 

GLP & QA: Yes 

Guideline: None stated 

[NB. It is noted this study is a reformat of a study originally conducted in 1977 by Ishamael & Weight]  

Method 

The test material was an aqueous solution containing 20% polyhexamethylene biguanide (PHMB) (polihexanide), 

batch number SDC/596; 20% w/v purity; and sourced from Imperial Chemical Industries Limited. Fifty 

mice/sex/dose had 0.3 mL of test substance diluted in ethanol applied to the clipped dorsal skin at doses of 0, 0.6, 

6.0 or 30 mg of polihexanide per mouse for five days per week over an 80–week period. It was unclear if the test 

sites were covered to prevent oral ingestion of the test substance. 
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Mice were observed daily for mortality, clinical signs and any other abnormalities. Body weight and food 

consumption were recorded weekly for the first 12 weeks and twice monthly thereafter. All animals that died or 

were killed in extremis and those sacrificed on schedule were subjected to gross pathological examinations. The 

following were examined microscopically: liver, kidney, spleen, heart, lung, adrenals, pancreas, gonads, thymus, 

thyroid, pituitary, pancreas, oesophagus, stomach, duodenum, jejunum, ileum, caecum, colon, rectum, oral cavity, 

salivary gland and mesenteric lymph nodes, gall bladder, trachea, uterus, skin, testis and prostate.  

Mortality: Survival rates in both sexes at 30 mg/mouse were slightly lower than in other groups during the first 

year. The pattern continued throughout the remainder of the study resulting in low survival rates in this group at 

study termination (Table 31).  

Table 31: Survival (%) 

Weeks Males Females 

0 0.6 6.0 30 0 0.6 6.0 30 

52 88 98 92 78 90 96 86 82 

68 78 92 84 62 78 80 72 64 

80 68 72 74 22 72 68 64 22 

NB. Doses are in mg/mouse 

Clinical signs: Clinical signs were restricted to the highest dose. Irritation to the skin was noted in both sexes 

immediately after application. Erythema was noticed during the first few weeks and after week 4, hyperkeratosis 

became evident, especially in males. The incidence of hyperkeratosis and desquamation progressively increased 

until 6–9 months and then remained at this level for the remainder of the study at which time 65% of males had 

hyperkeratosis and 49% had desquamation, while 23% of females had hyperkeratosis and 28% had desquamation 

compared to 0% and 2.7%, respectively for controls. Bilateral protrusion of the eyes (exophthalmos) was noted in 

some animals at week 22 but gradually increased to about 13% for males and 50% for females by week 80.  

The incidence rapidly increased to greater than 90% in both sexes by week 44 and remained at this level until the 

study termination. Clinical examination of the eyes revealed no lesions in the cornea or retina in the early stages of 

the study. Subsequent examination of the eyes at weeks 64 and 73 revealed a similar pattern, although keratitis 

was seen in many of the affected animals.  

Body weight gain in the highest dose group was reduced during the study compared to control animals (by 50% for 

males and 17% for females; p<0.01). Food consumption and food efficiency, however, were not affected by 

treatment.  



132 HUMAN HEALTH RISK ASSESSMENT OF POLIHEXANIDE 

 

Pathology: Pathological changes were restricted to the highest dose and mainly in the liver. Variable degrees of 

inflammation were observed in both sexes. These ranged from small isolated pockets of inflammatory foci in portal 

tracts, accompanied by simple fatty changes to a more generalised severe form of hepatitis characterised by large 

scale exudation and massive necrosis. These hepatic changes appeared to have been mainly responsible for 

causing the large number of deaths in this group during weeks 52–79. Haemangiosarcoma in the liver was 

observed in 2/50 (4%) females at 30 mg/mouse but none in the other groups Table 32). This was considered to be 

incidental to treatment since the incidence of haemangiosarcoma was within the range of historical controls for 

mice which was provided by the applicant (2–15% for male and 0–9% for female). Clinical and histological 

examination of the eyes and orbital contents did not show evidence of any pathological abnormality that could 

account for the bilateral protrusion of eyes. Furthermore, gross and microscopic appearance of thyroids was also 

normal. 

Table 32: Selected incidence of liver haemangioma and haemangiosarcoma in the liver 

Finding Males  Females 

0 0.6 6.0 30 0 0.6 6.0 30 

haemangioma 1 0 0 2 0 0 0 1 

haemangiosarcoma 1 0 1 1 0 0 0 2 

n=50/sex, NB. Doses are in mg/mouse 

Conclusions 

Doses were given in terms of mg/mouse, which is non-standard, and therefore only an approximate NOAEL can 

be given3 (6.0 mg/mouse, approximately 300 mg/kg bw/d, noting that this dose was only applied 5 days per week). 

The LOEL in this study was 30 mg/mouse or approximately 1500 mg/kg bw/d, where increased mortality, reduced 

body weight gain, dermal irritation, bilateral protrusion of the eyes and liver pathology (inflammation, hepatitis, 

necrosis). There was no evidence of carcinogenicity in this study, as the incidence of haemangioma and 

haemangiosarcoma were considered within historical controls. This study is of reduced regulatory value as the 

potential for oral ingestion cannot be excluded. 

                                                   

3 Derelanko, 2008. 20 g mouse, a dose of 100 mg/kg ~2 mg/mouse 
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IIA 5.6—Reproductive toxicity (incl. developmental toxicity) 

IIA 5.6.1—Two-generation study (rat) 

Milburn GM (1995) Polyhexamethylene Biguanide: Multi-generation Study in the Rat. Report No. 

CTL/P/4455. Study Nos. RR0621/F0; RR0621/F1. Report date: March 8, 1995. Unpublished. 

 

 

 

 

 

 

 

 

Method 

Groups of weanling rats were fed diets containing polihexanide over two generations. The test diet was 

administered continuously throughout the study to parents and subsequently to offspring after weaning. Each 

experimental group consisted of 26/sex that were exposed to test concentrations of 0, 200, 600 or 2000 ppm 

(mg/kg bw/d equivalents are listed in Table 6). No rationale for dose selection was provided. Table 33 summarises 

the study design.  

Table 33: Design of two generation rat study 

Phase Comment 

F0 parents premating  12 week pre-mating period 

F0 mating 1 male : 1 female 

F0 gestation - 

F1a litters F0 parents reared pups to weaning, day 29 post partum  

F0 parents post 

mortem 

Day 29 post partum 

F1 parents Selected from F1a litters day 29 post partum. Remaining pups subjected to post 

mortem or discarded.  

Test Compound: Polihexanide (20% w/v  aqueous solution)  

Batch: D4097 (CTL Ref No.Y00156/008)  

Test Species: 
Rat, Alpk:APfSD: 26/sex/dose; age: 22 days,: source: Zeneca 

Pharmaceuticals, Alderly Park, Macclesfield, Cheshire, UK.  

Laboratory: 
Zeneca Central Toxicology Laboratory. Alderley Park, 

Macclesfield, Cheshire, UK. 

GLP & QA: Yes 

Guideline: None stated 
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Phase Comment 

F1 parents premating 12 week pre-mating period 

F1 mating 1 male : 1 female 

F1 gestation - 

F2 litters F1 parents reared pups to weaning, day 29 post partum. Pups subjected to post 

mortem or discarded. 

F1 parents post 

mortem 

Day 29 post partum 

Diets were prepared in large 60 kg batches but no indication of preparation frequency was given. There was no 

analysis of the concentration, stability or homogeneity of polihexanide in the diet. Weanling rats (Alpk:APfSD) 22 

days old (weights not stated) were obtained from the SPF colony maintained at the Animal Breeding Unit at 

Zeneca Pharmaceuticals, Alderly Park, Macclesfield, Cheshire, UK. The acclimatisation period was 10 days. They 

were housed at room temperature, with food and water available ad libitum. The experimental groups were 

arranged in 13 replicates, with males and females from the same group housed in adjacent cages during the 

period prior to mating to avoid anoestrus. During mating, one male was placed with one female from the adjacent 

cage. Vaginal smears were examined daily to determine when mating occurred (presence of sperm). Gestation 

was presumed when abdominal enlargement and weight gain were seen.  

Observations for mortalities and clinical signs were recorded daily. Any rats requiring euthanasia were killed and 

subjected to a post-mortem examination. The body weight of all rats was recorded at weekly intervals throughout 

the pre-mating periods. After the pre-mating period, the female rats were weighed on days 1 (sperm positive in 

vaginal smear), 8, 15 and 22 of gestation and days 1 (the day of birth), 5, 11, 16, 22 and 29 post-partum. Food 

consumption was calculated on a weekly basis. All adult males were killed at approximately the same time after 

the mating period for each generation. Parental females were killed as soon as possible after weaning their 

offspring. All pups surviving to termination and not selected for the next generation were killed on approximately 

day 29 post-partum. All adult animals including those dying or killed inter-currently received a post mortem 

examination which included the following tissues: kidney, liver, cervix, epididymis, mammary gland, ovary, pituitary 

gland, prostate gland, seminal vesicle including coagulating gland, testis, uterus, vagina and grossly abnormal 

tissues. The kidney, liver, testis and epididymis were weighed from all adults at termination. The kidney and liver 

from all F0 and F1 adults in the control and 2000 ppm dose group were subject to histopathology examination at 

termination. Animals in all groups that were suspected to be infertile were also subject to histopathology 

examination including the kidney, liver, uterus, cervix, vagina, ovary, mammary gland (female only), testis, 

epididymis, prostate, seminal vesicle and pituitary gland. F1 (5/sex) and F2 (10/sex) pups from all test groups 

received a full post mortem examination, in addition to any pups that displayed clinical abnormalities. Statistical 

tests used in the study were considered appropriate. 

Doses received 

Dose rates based on nominal dietary levels of polihexanide were calculated in mg/kg bw/d for the various periods 

of study (Table 34).  
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Table 34: Summary of polihexanide dose received (mg/kg bw/d) 

 Dietary concentration of polihexanide (ppm) 

200 600 2000 

F0 parents Males 23.0 69.6 238.9 

Females 25.3 77.0 258.2 

F0 females pregnancy 18.6 56.9 187.7 

F0 females lactation 50.7 150.8 537.3 

F1 parents Males  23.9 71.3 249.3 

Females 26.1 79.2 270.5 

F1 females pregnancy 19.3 57.0 201.5 

F1 females lactation 44.6 133.6 486.3 

Results 

F0 PARENTS 

Clinical observations in the treated groups were of a similar type or frequency observed in the controls, and for 

these reasons were not considered treatment-related.  

At a dose of 2000 ppm, decreased body weights in F0 animals, and decreased food consumption and utilisation in 

F0 males was considered treatment-related:  

Male and female body weight gains were slightly decreased (~8% or less versus controls) at a dose of 2000 ppm 

during the pre-mating period and were statistically different to controls throughout weeks 3–11 (p<0.01). At 2000 

ppm, this corresponded to decreases in food consumption (~5%) in F0 males versus controls, achieving statistical 

significance at wk 3, 6, 7 and 9 (p<0.05) and to decreased food utilisation in F0 males at 2000 ppm (~7% overall 

during weeks 1–10:  15.7g growth/100g food at 2000 ppm versus 16.8g growth/100g food in controls; p<0.01). 

Sporadic decreases in food consumption were noted in F0 males at 200 and 600 ppm treated groups during the 

pre-mating period, but no dose-relatedness was observed. Overall, F0 female body weights were comparable 

across the groups during pregnancy and lactation. There was no evidence of any consistent effect on food 

consumption or food utilisation in F0 female treated groups during pre-mating, pregnancy or lactation.  

There was no evidence of a treatment-related effect on male or female fertility or on the gestation period. No 

abnormalities were observed in the reproductive organs of the animals that were suspected to be infertile. The 

proportion of pups live born was comparable and numbers of whole litters lost was small across all F0 groups. The 

number of F1 pups per litter and pup survival to weaning was comparable across all F0 groups (Table 35).  
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Table 35: Significant changes in organ weights of F0 males administered polihexanide 

Organ 

Males (ppm) 

0 200 600 2000 

Absolute organ weight (g) 

Terminal body weight 528.3 515.9 509.6 488.9 

Liver 20.0 19.7 19.1 19.8 

Kidney 3.55 3.45 3.38* 3.44 

Epididymis 1.56 1.48 1.44** 1.43** 

Organ weight adjusted for terminal body weight (g) 

Liver 19.2 19.5 19.1 20.7** 

Kidneys 3.44 3.42 3.39 3.58* 

Epididymis 1.55 1.48 1.44** 1.43** 

*p<0.05, ** p<0.01 

Epididymis weights, both absolute and relative were statistically significantly (p<0.01) decreased in F0 males at 

600 (7%) and 2000 ppm (8%). Histopathological examination of the epididymis was only conducted for males that 

were suspected to be infertile (4–6 per group). Individual animal data showed reduced spermatozoa of marked 

severity and increased sperm precursor cells of moderate severity in one male at 600 ppm. The same animal also 

displayed unilateral testicular tubular degeneration of the testes. The animal was suspected to have been infertile 

and these findings may have been the underlying cause but is unlikely to be treatment-related.  

Relative kidney and liver weights were statistically significantly increased (p<0.01) in F0 males at 2000 ppm by 4% 

and 8%, respectively. There were no histopathological findings in the kidneys and liver (25 rats were examined in 

the control and 2000 ppm groups). 

F1 PUPS 

Clinical observations in treated pups were of a similar type or frequencies to that observed in the controls and 

were not considered treatment-related. Pup body weight was comparable across control and treated groups. The 

numbers of pups found dead up to and including 18 days of age were small across all groups and showed no 

relationship with treatment or dose level.  
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Statistically significant decreases in absolute kidney (at 2000 ppm) and liver weights (at 200 and 2000 ppm) were 

observed in males but no changes in relative organ weights were noted and there were no corresponding 

histopathology findings. Therefore, the changes were not considered treatment-related. The incidence of all gross 

pathology findings were similar across all treated and control groups. An increased incidence of pelvic dilatation 

was noted in males at 600 ppm compared to controls (11% at 600 ppm versus 4% incidence in controls). This 

finding was unrelated to dose and was considered spontaneous in nature because the incidence of pelvic 

dilatation at 200 and 2000 ppm was identical to the control value. There were no treatment-related histopathology 

findings. 

F1 PARENTS 

Clinical observations in the treated groups were of similar types or frequencies observed in the controls and were 

not considered treatment-related.  

A sporadic decrease in body weight was noted in F1 males and females at week 1 during pre-mating in the 200 

and 2000 ppm groups but there was no evidence of any consistent effect (Table 36). Overall, F1 female body 

weight was comparable across the groups during pregnancy and lactation. There was no evidence of any 

consistent effect on food consumption in F1 males and females during pre-mating or in F1 females during 

pregnancy. A statistically significant increase in food consumption was observed in F1 female rats during lactation 

at 2000 ppm. A small (4.5%) but statistically significantly (p<0.01) decrease in overall food utilisation was observed 

in F1 males at 2000 ppm during the pre-mating period (weeks 1–10). Changes in food consumption and utilisation 

were not considered treatment related as there were no corresponding effects on body weights in F1 animals. 

There was no evidence of a treatment-related effect on male or female fertility or on the gestational period. No 

abnormalities were observed in the reproductive organs of the animals that were suspected to be infertile. The 

proportion of live born pups and numbers of whole litters lost was comparable across all groups. The number of F2 

pups per litter and pup survival to weaning was comparable across all F1 groups.  

Table 36: Significant changes in organ weights of F1 animals administered polihexanide 

Organ 

Males  Females 

0 200 600 2000 0 200 600 2000 

Absolute organ weight (g) 

Terminal body weight 539 508 522 498 313 310 316 305 

Liver 20.7 18.9** 19.6 20.5 13.4 13.3 14.1 14.0 

Kidneys 3.5 3.4 3.5 3.5 2.4 2.4 2.4 2.5 

Organ weight adjusted for terminal body weight (g) 

Liver 19.9 19.3 19.4 21.3** 13.2 13.4 13.7 14.4** 

Kidneys 3.4 3.5 3.4 3.6* 13.2 13.4 13.7 14.4** 

*p<0.05, ** p<0.01 



138 HUMAN HEALTH RISK ASSESSMENT OF POLIHEXANIDE 

 

Weights of epididymis (both absolute and relative) were similar across all groups. Relative kidney and liver weights 

were statistically significantly increased (p<0.01) in F1 animals at 2000 ppm by 6–9% and 7–9%, respectively. 

There were no corresponding histological findings in these organs. 

F2 PUPS 

Clinical observations in treated pups were of a similar type or frequency to that observed in the controls and were 

not considered treatment-related. Pup body weights were comparable across control and treated groups. Total 

litter weight was slightly higher than controls at 2000 ppm but was considered to be an incidental finding. The 

numbers of pups found dead up to and including 18 days of age, were small across all groups and displayed no 

relationship to treatment or dose level.  

Statistically significant increases in relative kidney weights in male pups (~9% higher than controls at 2000 ppm) 

and a decrease in relative liver weight in female pups (~9% lower than controls at 2000 ppm) was observed at all 

treatment levels (Table 37). Both findings were unrelated to dose. Changes in liver weights were not considered 

treatment-related as there were no associated histopathological findings.  

However, the incidence of minimal to slight transitional epithelial hyperplasia (3/10 controls versus 7/10 pups at 

2000 ppm) and hypertrophy/hyperplasia of collecting duct epithelium (1/10 controls versus 4/10 pups at 2000 ppm) 

was slightly increased in males at 2000 ppm compared with male controls. Increased kidney weights in males at 

2000 ppm were considered treatment-related as they were associated with an increased incidence of 

histopathological findings in the same dose group.  

Table 37: Significant changes in organ weights of F2 pups administered polihexanide# 

Organ 

Males  Females 

0 200 600 2000 0 200 600 2000 

Absolute organ weight (g) 

Terminal body weight 88.5 76.6 73.7 77.1 77.5 71.4 74.7 62.9 

Liver 4.80 4.18 4.00* 4.06* 4.32 3.76* 3.92 3.24** 

Kidneys 1.03 0.96 0.95 0.99 0.96 0.91 0.94 0.82** 

Organ weight adjusted for terminal body weight (g) 

Liver 4.25 4.32 4.30 4.17 4.03 3.77* 3.76* 3.67* 

Kidneys 0.93 0.99* 1.01* 1.01* 0.91 0.92 0.91 0.89 

# mean value only, n=10 examined, *p<0.05, ** p<0.01 
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Conclusions 

The NOAEL for parental toxicity was 600 ppm (70 mg/kg bw/d) based on decreased body weight gain during pre-

mating in F0 animals; decreased food consumption and utilisation in F0 males; and increased relative kidney 

weights at the higher dose of 2000 ppm (239 mg/kg bw/d). The NOAEL for reproductive performance was 2000 

ppm, the highest dose tested.  

The NOAEL for pup toxicity was 600 ppm (70 mg/kg bw/d), based on increased relative kidney weights and an 

increased incidence of associated histopathological findings (minimal to slight transitional epithelial hyperplasia 

and hypertrophy/hyperplasia of collecting duct epithelium) in males at the higher dose of 2000 ppm.  
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IIA 5.6.10—Developmental toxicity (rat) 

Hodge MCE, and Palmer S (1976) Baquacil SB: A Teratology Study in the Rat by Dietary Administration. ICI 

Central Toxicology Laboratory. Report No. CTL/P/262. Report date: July 1, 1976. Unpublished. Study 

period: unspecified.  

Test compound: Bacquacil SB (20% polihexanide)  

Batch: Not stated 

Test species: Rat, Alpk:APfSD: 20 female;  

Laboratory: ICI Central Toxicology Laboratory 

GLP & QA: No 

Guideline: Not stated 

Method 

Bacquacil SB [a 20% aqueous solution of polihexanide, batch number not stated, supplied by Organics Division, 

Imperial Chemical Industries Limited, Manchester], with additive 4 ppm Edicol Blue EG and 5 ppm Givaudan 

Bouquet SN 8934, was administered via the diet to groups of at least 20 pregnant Alderly Park rats (strain not 

stated) at doses of 0, 200, 1000 or 2000 ppm on gestational days 1–20. These doses are approximately 0, 20, 100 

and 200 mg/kg bw/d4. A group fed 2900 ppm aspirin acted as a positive control. There was no rationale for the 

dose selection.  

Dosing solutions were mixed with the basic diet and then dried under vacuum to form pellets. The frequency of 

preparation and storage conditions were not described. Rats were sourced from a specific pathogen-free colony. 

Acclimatisation period prior to mating was not stated. Age and body weight at the time of mating was not stated. 

Mating took place by housing 2 females overnight with one male, and then examining them the following day for 

the presence of sperm. The day that sperm were detected was designated as gd 0. Except during mating, rats 

were housed individually under standard conditions, with food and water available ad libitum. 

                                                   

4 Derelanko, 2008. Diet conversion for young rats is a factor of 10.  
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Dams were observed daily for mortalities and clinical signs. Individual food consumption and body weights were 

recorded at weekly intervals. Dams were sacrificed on gd 20 by cervical dislocation until at least 20 pregnancies in 

each group were established: excess animals were discarded. Fetuses were removed and the uterus examined for 

resorptions. Resorptions were classified as early or late (when fetal tissues were distinguishable). Each fetus was 

assessed for viability, sexed, weighed and subjected to a thorough external examination. If any fetus was 

abnormal, its placenta together with maternal heart, lung, liver, kidney, adrenal, ovary and uterus were examined 

microscopically. The same maternal tissues were also routinely examined for any gross macroscopic 

abnormalities. Half the fetuses from each litter were used for macroscopic examination of viscera and examination 

of skeletal defects. The remaining fetuses were fixed and decalcified in Bouin’s fluid for soft tissue examination.  

Results were statistically analysed using one or more of the following tests: Students t-test for analysis of maternal 

body weight, food consumption and litter data. Early resorptions per litter were transformed before analysis using 

the method of Freeman and Tukey (1950, as cited in the study). Incidences of skeletal variations and soft tissue 

abnormalities were analysed using 2 x 2 Contingency Tables (Finney et al., 1963 as cited in the study). 

Results 

Test article analysis: The study authors did not state whether stability or homogeneity analysis of polihexanide in 

diets had been performed during the current study. 

There were no mortalities and clinical signs observed in any group. At 1000 or 2000 ppm, mean body weight gain 

was statistically significantly lower (p<0.01) than the control group (98.0+17.1 g and 72.0+5.5 g respectively, 

versus 128.0+13.3 g in the control group). Concomitantly at 1000 or 2000 ppm, there was a significant reduction 

(p<0.01) in total food consumption relative to the control group (372.0+31.6 and 364.0+41.0, respectively, versus 

440.0+38.2 g in the control group). These effects were considered treatment-related. Greater reductions in food 

consumption and body weight gain were noted in the positive control group (aspirin). No treatment-related gross 

pathological abnormalities were detected in any dams.  

Litter data is presented in Table 38. Statistically significant findings in litters obtained from aspirin treated dams 

(positive controls) included a decrease in implantations per litter, an increase in early resorptions, a decrease in 

the number of fetuses per litter and a decreased mean fetal and litter weights. 
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There was a statistically significant increase in the number of early resorptions in the 1000 ppm group, but this was 

not considered treatment-related as the finding was sporadic and there was no dose-response relationship. 

Otherwise, the number of early resorptions was similar in all litters derived from control and polihexanide treated 

dams (200 and 2000 ppm).  

Table 38: Litter data 

Dose No. of 

litters 

Implantation 

per litter 

Resorptions No. of 

viable 

fetuses 

No. of 

fetuses 

per litter 

Fetal 

Weight 

(g) 

Litter Weight 

(g) 

Sex ratio 

males: 

females Early Late 

0 22 15.1 7 1 325 14.8 3.3 48.0 1.06 

200 20 14.8 12 0 283 14.2 3.2 45.8 0.95 

1000 22 15.3 31** 1 305 13.9 3.2 43.5 1.18 

2000 20 14.0 10 1 268 13.4 3.3 44.2 0.96 

Aspirin 

2900 

ppm 

20 13.1* 44** 1 217 10.9** 2.5** 26.9** 1.07 

* p<0.05, ** p<0.01 

No treatment-related external abnormalities were observed in fetuses from the polihexanide-treated dams. There 

was an increase in the number of external abnormalities observed in fetuses from the aspirin-treated group. This 

included unique findings of exencephaly (2 fetuses), spina bifida (2 fetuses) and an increased incidence of kinky 

tails (8 fetuses).  

No adverse effects in skeletal ossification were seen in the fetuses from polihexanide-treated dams. There was 

statistically significant increase in various kinds of incomplete and non-ossified skeletal structures in fetuses from 

aspirin-treated dams compared to control incidence rates. There were statistically significant increase in fetuses 

with extra ribs in the aspirin-treated group (90.9% fetuses, p<0.01) and the 2000 ppm polihexanide-treated group 

(27.4%, p<0.05) compared to controls (16.3% fetuses). Wavy ribs were also unique to fetuses from aspirin-treated 

groups (18.2% of fetuses).  

Treatment with aspirin produced an increase in the incidence and severity of hydronephrosis. No soft-tissue 

abnormalities were associated with polihexanide administration.  

Conclusions 

The NOAEL for maternotoxicity was 200 ppm polihexanide (approximately 20 mg/kg bw/d), based on statistically 

significant decreases in food consumption and body weight gain at and above 1000 ppm (approximately  

100 mg/kg bw/d). The NOAEL for fetal toxicity was 1000 ppm polihexanide (approximately 100 mg/kg bw/d), 

based on a statistically significant increase in the incidence of extra ribs compared to controls at the higher dose of 

2000 ppm (approximately 200 mg/kg bw/d). 
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IIA 5.6.11—Developmental toxicity (rabbit) 

Brammer A (1993) Polyhexamethylene Biguanide: Developmental Toxicity Study in the Rabbit. Zeneca 

Central Toxicology Lab. Lab Project No. CTL/P/3997. Study No. RB0614. Report date: July 14, 1993. 

Unpublished.  

Test compound: Polihexanide (20% solution) 

Batch: D4097, CTL Reference number Y00156/008 

Test species: 

Rabbit, NZW; 20 females/dose; ages: not specified; bw: 3484–

3602 kg (day 1 predosing); source: Conventional Animal 

Breeding Unit, Alderly Park, Macclesfield, Cheshire, UK 

Laboratory: Zeneca Central Toxicology Laboratory 

GLP & QA: Yes 

Guideline: None stated 

Method 

Polihexanide in deionised water was administered by oral gavage to 20 time-mated NZW white rabbits/group at 

0, 10, 20 or 40 mg polihexanide/kg bw/d on days 8–20 of gestation. The dose volume was 1 mL/kg bw at each 

dose level. There was no rationale given for the dose selection. 

Virgin females were mated with unrelated males of the same strain at the animal suppliers. The day of mating was 

designated as gd 1. Mated rabbits were housed individually under standard conditions, with food and water 

available ad libitum. 

Throughout the dosing period, dams were observed twice daily for mortalities and clinical signs. Rabbits found 

dead or requiring euthanasia during the study period were given a macroscopic examination post mortem and 

pregnancy status determined. Food consumption was measured over 3 day intervals. Body weights were recorded 

on arrival and on gd 4, 8–20 (inclusive) and on days 23, 26 and 30. Dams were sacrificed by iv injection of 

pentobarbitone sodium on gd 30 and a caesarean section performed. All dams were subjected to a gross external 

and internal examination.  

Gravid uterine weights were recorded. Ovaries and uterus were examined and the following parameters were 

recorded: number of corpora lutea, the number and location of live and dead fetuses; sex ratio; early and late 

resorptions (embryonic/fetal tissue plus placental tissue); and any other abnormalities. All viable fetuses were 

weighed and examined for external abnormalities. Each fetus was examined for visceral abnormalities then 

eviscerated, fixed stained and examined for skeletal malformations and variations. Statistical tests used in the 

study were considered appropriate and were undertaken for the majority of test parameters measured.  

No historical control range information was supplied with this study. 
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Results 

Dosing analysis: The achieved concentrations of polihexanide were with 7% of the nominal concentrations. 

Polihexanide was found to be stable at concentrations greater or less than those used in the study for at least  

21 days at ambient temperature, which exceeds the dosing period.  

Mortalities and clinical signs 

One control dam died from infection due to a leg injury. Treatment-related mortalities and clinical signs occurred 

exclusively at the top dose of 40 mg/kg bw/d. There were six deaths among dams at this dose level: four deaths 

were due to abortion (gd 26–30), one dam was killed in extremis on gd 22 due to lack of appetite and weight loss 

from gd 11, and one dam was found dead on gd 20 (this dam also had a lack of appetite and weight loss from gd 

14 but a post mortem suggested that this may have been due to mis-dosing as blood was present in the thoracic 

cavity post mortem). These dams showed reduced faecal pellets or an absence of faeces and a thin bodily 

appearance, during the dosing and post-dosing periods. Observations of general toxicity in the dams which 

survived to termination at 40 mg/kg bw/d included subdued behaviour or coldness on some occasions which were 

associated with periods of lost appetite. Clinical observations in other dose groups were of the same frequency 

and type as controls and not considered treatment-related. 

Abortion was the reason for termination of four animals. This was considered to be secondary to maternal toxicity 

rather than a direct effect of polihexanide since there was no increase in post-implantation loss (indicative of an 

effect on fetal survival) among animals with live fetuses in utero at termination. 

Maternal body weight and food consumption 

Body weight loss and reduced food consumption was observed prior to all premature deaths (six dams) at  

40 mg/kg bw/d. There was no overall treatment-related change in maternal body weight in surviving animals. Body 

weight gains were statistically significantly decreased in the 40 mg/kg bw/d group during gd 10–15, but had 

recovered to control levels thereafter. Concomitant changes of decreased food consumption were noted during gd 

8–14 in surviving animals of the same dose group.  

Macroscopic findings 

The six dams at 40 mg/kg bw/d which were sacrificed or died prematurely showed a variety of abnormalities in the 

stomach or caecum at necropsy. Some of these abnormalities were consistent with a lack of appetite (distended 

gas-filled intestines and/or fluid contents), some were indicative of irritation (raised areas and/or mucosal 

sloughing).  

Of the dams that survived to termination, the only uncommon findings noted in this strain of rabbit were red area 

present in the glandular stomach on one dam at 40 mg/kg bw/d and a raised area/mucosal sloughing in one rabbit 

at 20 mg/kg bw/d. 

Litter data 

There were no treatment-related effects on the number, growth or survival of fetuses. There was one total 

resorption at 40 mg/kg bw/d. There were only two fetuses in the litter and the dam showed some weight loss 

during dosing period which was suggestive of maternal toxicity.  
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An increased incidence of skeletal abnormalities was detected at 40 mg/kg bw/d and included a statistically 

significantly increased percentage of fetuses with unossified 5th sternebrae (p<0.05) and with fused 4th and 5th 

sternebrae (p<0.05) compared to controls (Table 39). There was also a slight, but not significant increase in the 

percentage of fetuses with fused 3rd and 4th sternebrae. No historic control range information was supplied with 

this study. In the absence of this information an increase in unossified 5th sternebrae and fused 4th and 5th 

sternebrae was considered treatment-related at 40 mg/kg bw/d. There were no other treatment-related external or 

visceral abnormalities or variations.  

Table 39: Intergroup comparison of fetal defect incidence# 

Skeletal variation Dose Level Polihexanide (mg/kg bw/d) 

0 10 20 40 

Unossified 5th sternebrae 3.3 5.3 5.2 10.1* 

Fused 4th and 5th sternebrae 0.6 1.6 1.3 5.9* 

Fused 3rd and 4th sternebrae 0.6 1.6 1.3 4.2 

Conclusions 

The NOAEL for maternal toxicity was 20 mg polihexanide/kg bw/d, based on increased mortality, decreased food 

consumption and body weight loss (within the dosing period prior to premature death) and other clinical 

observations. The NOAEL for fetal toxicity was 20 mg polihexanide/kg bw/d, based on an increased percentage of 

fetuses with skeletal variations at 40 mg/kg bw/d. 
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IIA 5.7—Neurotoxicity  

There were no studies available. 

IIA 5.9—Human studies/medical data 

Sueki H (2001) Polyhexamethylene biquanide Cosmocil CQ: Skin irritation study in humans. Biochemical 

Toxicology Showa University Report No. APJ-1. Unpublished. Report date: February 2001. 

Test product Cosmocil CQ 

Batch/purity: 1.5% w/w Cosmocil CQ in distilled water JP,  Batch No. 0237 

3.0% w/w Cosmocil CQ in distilled water JP Batch No 0237 

5.0% w/w Cosmocil CQ in distilled water JP batch No. 0237 

Equivalent to:- 

0.3% w/w polyhexamethylene biguanide (PHMB) (polihexanide)  

0.6% w/w PHMB 

1.0% w/w PHMB 

Other constituents of Cosmocil CQ (if any) are not known 

Test species: Healthy human volunteers (17 males and 28 females)  

Study duration: 16 January 2001 to 18 February 2001 

Laboratory: Departments of Biochemical Toxicology and Dermatology and 

School of Pharmaceutical Sciences, Showa University, Tokyo, 

Japan  

GLP & QA: Yes 

Guidelines: Not stated 

 

Dosing method Vehicle Observation period Dose tested Result 

Test material was applied 

to the skin of the medial 

part of the arm by means 

of a plaster (Fin-

chamber). The plaster 

was removed after 24 h 

Distilled 

water 

30 minutes after 

removal of plaster 

and at 24 h after 

removal. Irritation 

index calculated. 

0, 0.3%, 0.6% and 1% 

polihexanide as  

Cosmocil CQ 

No irritation 
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Method 

The human subjects accepted into the study were volunteers, aged 20 years or older, without skin disease, without 

bronchial asthma and without a history of drug allergy. The site of application was the internal surface of the right 

arm. Each person received all three test dilutions plus purified water control in two rows of two on plaster patches.  

Patches were removed at 24 h. At 30 min and 24 h after removal the severity of the skin reaction was evaluated 

according to the Criteria of the Japan Patch Test Research Group.  

Results 

The results for each individual (numbered 1 to 45) are presented in Table 40. Any number not represented means 

that the person showed no reaction at any test site at 24 or 48 h. Five people had distilled water test sites 

(controls) showing reactions designated as plaster dermatitis. Skin irritation indices were calculated on the basis of 

the reaction scores regardless of their cause. Thirty six of forty five subjects showed no reaction at any test site for 

any of the three concentrations of Cosmocil CQ tested.  

The concentration of Cosmocil CQ at which no treatment related skin irritation was observed was 1.5% w/w or 

0.3% w/w polihexanide. At 5.0% concentration only one subject showed a low grade site reaction of 'well defined 

erythema' 48 h after treatment. While the study authors did not observe beyond 48 h, it is unlikely that this low 

grade reaction would have persisted past 72 h. 

Table 40: Test site reaction scores recorded for 45 human volunteers 

No. 
Age 

(Year) 

Sex 

M/F 

Concentrations of Cosmocil CQ applied  

0% 

24 h / 48 h 

1.5%  

24 h / 48 h 

3.0%  

24 h / 48 h 

5.0%  

24 h / 48 h 

6 25 F ± / - ± / - * ± / - * ± / - * 

22 23 F ± / - ± / - * - / - - / - 

34 25 F ± / - - / - ± / - ± / - 

39 24 M + / - + / - * + / - * + / - * 

42 25 M ± / - ± / - * - / - - / - 

7 24 F - / - - / - - / - - / + 

36 24 M - / - - / - - / - ± / - 

43 22 M - / - - / - - / - ± / - 

45 22 F - / - - / - ± / - - / - 

Rest 22-40 M/F - / - - / - - / - - / - 

Skin irritation index 6.6 5.5 5.5 8.8 

*Designated an extension of plaster dermatitis to test site 

 (-)= no reaction, (±)= very slight erythema, (+)=very well defined erythema  

Skin irritation index  =  (sum total of high score)/(No. of subjects) x 100  
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Conclusions  

Under the conditions of this test system, concentrations of 1.5% and 3.0 % Cosmoqil CQ did not cause any skin 

reactions in humans. At 5% Cosmocil CQ, only one person showed well defined erythema at 48 h. Five people 

showed a reaction to the control (water), which was designated a reaction to the plaster. Cosmocil CQ at 

concentrations of 1.5, 3.0 or 5.0% w/w (or 0.3, 0.6 or 1% w/w polihexanide), was not an irritant to human skin. 

Gehanno JF, Priot AE, Balguerie X, Caillard JF (2006) Polyhexamethylenebiguanide hydrochloride 

exposure and erythema multiforme in a physician. Int J Occup Med Environ Health. 19(1):81–2.  

This article presents a case report of a 52–year old female physician who developed recurrent erythema 

multiforme. An occupational and environmental exposure assessment of several episodes of the disease over 

more than one year suggested that the causal agent might be polihexanide. Symptoms included erythematous-

oedematous papules with target-like lesions. A skin biopsy with histological examination revealed perivascular 

lympho-histiocytic dermal infiltration, consistent with erythema multiforme. Symptoms routinely occurred within a 

few days of weekend hospital duty in specific wards. A hospital disinfectant, Phagosept (polihexanide strength was 

not reported), was the only type of product used exclusively in those wards. The patient was asymptomatic on 

removal of Phagosept from wards during a one year follow up period.  

Hansmann F, Kramer A, Ohgke H, Strobel H, Muller M, Geerling G (2004) Polyhexamethylbiguanide (PHMB) 

as preoperative antiseptic for cataract surgery. Ophthalmologe. Apr;101(4):377–83. German.  

There were no adverse reactions reported when Lavasept (0.2% polihexanide) was used as a pre-operative 

antiseptic for cataract surgery in 29 patients. 

Schnuch A, Geier J, Brasch J, Fuchs T, Pirker C, Schulze-Dirks A, Basketter DA (2000) 

Polyhexamethylenebiguanide: a relevant contact allergen? Contact Dermatitis. May;42(5):302–3. 

This study assessed polihexanide’s potential to cause skin sensitisation in humans who had known contact 

allergen responses. Ten of 33 departments of the Information Network of Departments of Dermatology (IVDK), 

Germany, participated in this study in 1998. Patients included were those suspected as having contact allergies to 

cosmetics and medications. The patch test population included 1554 patients. Polihexanide was supplied by 

Unilever Research and tested at 2.5% aqueous solution strength. Exposure to the patch was for either 1 day in 

389 patients (25%) or 2 days in 1165 patients (75%). The skin reading was carried out at Day 3. A low 

sensitisation rate was recorded, with only 0.4% of the test population displaying a positive reaction. The 6 positive 

patients (3 men, 3 women, 1 with atopic dermatitis, all age >40 years) all had a (+) reaction, none had (++) or 

(+++) reactions. Of the positive reactions: one was relevant as the patient worked as a hospital cleaner with a 

polihexanide-containing disinfectant; one may have been false-positive because an ‘angry back’ reaction displayed 

by the atopic dermatitis patient could not be excluded (total number of reactions was 15) and two may not have 

been relevant due to other allergens being clearly causal. Three other patients in the test population displayed 

either irritation or questionable (+) reactions. In conclusion, when tested at 2.5% strength on humans, the 

prevalence of polihexanide-induced skin sensitisation response was found to be extremely low. 
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Olivieri J, Eigenmann PA, Hauser C (1998) Severe anaphylaxis to a new disinfectant: polyhexanide, a 

chlorhexidine polymer. Schweiz Med Wochenschr. Oct 3;128(40):1508–11.  

This clinical study presented 2 individual case reports of patients who developed severe anaphylaxis following 

contact of surgical wounds with a hospital disinfectant containing 0.2% polihexanide (Lavasept). The first patient 

presented with an anaphylactic shock with malaise, bronchospasm and hypotension while the medullary cavity of 

the femur was being washed with Lavasept under anaesthesia. An echocardiographic evaluation done during the 

acute episode showed cardiac signs of hypovolemia. Serum tryptase levels were elevated shortly after the acute 

episode. Both findings were consistent with an anaphylactic reaction. The second patient presented with a skin 

rash and severe hypotension during lavage and disinfection of wounds of the right limb with Lavasept under 

general anaesthesia. Serum tryptase levels were elevated shortly after the acute episode. Two months later, the 

same patient had a second surgery with the same anaesthesia but no Lavasept and presented no reaction. Skin 

allergy testing was subsequently performed on both patients and the results were suggestive of immediate-type 

hypersensitivity. Skin prick tests for polihexanide were negative in both patients whereas intradermal injection tests 

were positive at 103-104 dilution strengths (10-410-5g/mL polihexanide). Four healthy volunteers tested negative 

for polihexanide at a 103 dilution strength. Several cellular mechanisms of polihexanide-induced anaphylaxis were 

proposed in the study but no clear initiating event was identified. The common cellular target of the patients’ 

reactions appeared to be the mast cell because tryptase, a mediator of mast cells, was increased in the serum 

similarly to the other cases of systemic anaphylaxis. Thus, it appears that damage to the epidermal barrier or 

application to mucous membranes may facilitate an immediate-type hypersensitivity reaction to polihexanide. 

Varga JH, Wolf TC, Jensen HG, Parmley VC, Rowsey JJ (1993) Combined treatment of Acanthamoeba 

keratitis with propamidine, neomycin, and polyhexamethylene biguanide. Am J Ophthalmol. Apr 

15;115(4):466-70.  

The clinical use of polihexanide as an antiparasitic agent effective against Acanthamoeba spp., an organism 

implicated in ocular keratitis, began in 1991. It was used as a solution at a concentration of 0.02% and proved to 

be both trophozoicidal and cysticidal for Acanthamoeba organisms. It was well tolerated by the corneal and 

conjunctival epithelium, with less toxic effects than other more common agents, including neomycin, 

aminoglycosides, and propamidine.  

Following their experiences with the unsatisfactory medical treatment of ocular keratitis caused by Acanthamoeba 

spp., these authors developed a protocol in which polyhexamethylene biguanide (polihexanide) was used with 

other antiparasitic agents in a consecutive series of five patients (six eyes) who were referred for treatment.  

Treatment medications included commercial preparations of neomycin (topical combination product of neomycin 

sulphate, polymyxin B and gramicidin), propamidine as well as a formulation of 0.02% polihexanide made by 

diluting commercial pool cleaner (Baquacil) 1:1000 in a solution of artificial tears. 

The protocol called for administration into the eye of: 

 a loading dose of a preparation containing neomycin, propamidine and 0.02% polihexanide once every hour 

for 1–3 days, 

 an intensive treatment phase (every 2 hours while awake and every 4 hours at night for 4–7 days), and  

 a maintenance phase (every 4 hours for 7–21 days).  
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After 3 weeks, any medications that were suspected of toxicity were eliminated (usually neomycin first, then 

propamidine), and polihexanide and propamidine was continued for up to 6–12 months at a once-per-day 

frequency. On several occasions, when epithelial toxicity was observed, decreasing the dosage of the neomycin 

and/or propamidine, resulted in clinical improvement while maintaining the desired level of polihexanide.  

The study results showed that a 0.02% aqueous polihexanide solution was well-tolerated by human corneal and 

conjunctival epithelium with less toxic effects than the other treatment agents. 

IIA 5.10—Other studies 

Rose PH (1994): PHMB/Makon NFS: Assessment of sensory irritant potential in the mouse. Lab: Central 

Toxicological Laboratory, Macclesfield, UK. Report No. CTL/L/5346. Report date: 28 July 1993. 

NB. Rose PH was the production manager for the following: Parr-Dobrzansksi RJ (1993) Bacquacil (20%PHMB) 

and sodium dichloroisocyanurate: comparative assessment of sensory irritation potential in the mouse. Zeneca 

Central Toxicology Laboratory, Cheshire UK. CTL Study No. HM2214 & HM2216, Report No. CTL/L5346) 

Test compounds: 
Baquacil® (20%  polihexanide and sodium dichloroisocyanurate 

(dichlor), 

Batch: 
Y00156/088 (PHMB) 

Y08079/001 (dichlor) 

Test species: Mice (5 females/group, Alpk:APfCD-1) 

Laboratory: 
Imperial Chemical Industries PLC - Central Toxicology 

Laboratory, Alderley Park, Macclesfield, Cheshire UK 

GLP & QA: No 

Guidelines: No 

Method 

Five mice/group were exposed in a nose only chamber to target concentrations of 5, 50 and 200 mg/m³ Baquacil® 

(20% polihexanide) or 6, 25 and 45 mg/m³ dichlor (as total chlorine). To assess the sensory irritant potential of ‘in 

use’ concentrations, Baquacil® and dichlor were diluted in synthetic pool water to give final formulation 

concentrations of 50 ppm Baquacil® (10 ppm polihexanide) and 2 ppm dichlor. Five mice/group were exposed 

nose only to target particulate concentration of 10000 mg/m³ (max output) of formulation or synthetic pool water 

alone. The respiration rate of the mice was measured for each target concentration using pressure 

plethysmography and this data used to calculate the RD50 (exposure concentration producing a 50% respiratory 

rate decrease). The study did not describe the exposure period. 
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Results 

Target concentrations and analysed concentrations are shown in Table 41. 

Table 41: The atmospheric concentrations and aerodynamic particle size distribution of polihexanide and 

dichlor. 

Group Test compound 

Target concentration 

of polihexanide or 

chlorine (mg/m³) 

Analysed 

concentration 

of polihexanide 

or chlorine 

(mg/m³) 

Median 

size 

(MMAD) 

(μm) 

Geometric 

standard 

deviation 

1 

Baquacil
®

 (20% 

polihexanide) 

5 11.7 2.52 2.84 

2 50 62.9 3.08 2.39 

3 200 208.0 4.31 2.49 

4 
Baquacil

®
 (10 ppm 

polihexanide)/ SPA  

10000  

(target particulate 

concentration) 

0.07 ** ** 

5 

SPA 

10000 (control) 

 (target particulate 

concentration) 

0 ** ** 

6 
Dichlor 

(total chlorine) 

(20% w/v) 

6 12.5 5.14 1.91 

7 25 17.5 3.20 2.31 

8 45 42.0 2.31 1.92 

9 

Dichlor (2ppm)/SPA 

10000  

(target particulate 

concentration) 

* ** ** 

10 

SPA 

10000 (control) 

 (target particulate 

concentration) 

* ** ** 

*chlorine concentration was not determined as trial data indicated the concentration of free chlorine to be below the 

limit of detection (0.5 mg/m³ for a 10 L atmosphere sample).  

**particle size determination of atmospheres generated form ‘in use’ formulations were not calculated due to high 

particulate concentrations overloading the filter stages .  
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Table 42: Respiratory rate depression calculated for each polihexanide and Dichlor concentration. 

Group Test compound 
Analysed concentration 

(mg/m³) 

Mean respiration rate 

depression ± SD (%) 

RD50 

(mg/m³) 

1 

Polihexanide 

11.7 12 ± 4 

264 2 62.9 20 ± 7 

3 208.0 45 ± 15 

4 0.07 19 ± 17 – 

5 ND (control) 17 ± 4 – 

6 

Dichlor (as total 

Chlorine) 

12.5 16 ± 8 

39.2 7 17.5 45 ± 17 

8 42.0 48 ± 17 

9 10.5 10 ± 6 – 

10 11.1 8 ± 6 – 

ND, not detected (limit of detection = 0.01mg/m³), RD50 (exposure concentration producing a 50% respiratory rate 

decrease). 

RD50 values (Table 42) indicate that polihexanide (265 mg/m3) is a less potent sensory irritant than dichlor  

(39.2 mg/m3). Delay in the recovery of respiration rate was observed at the end of exposure to 17.5 and 42 mg/m³ 

chlorine and in mice exposed to 208 mg/m³ Baquacil®. The study author indicated this demonstrated that mild 

pulmonary irritancy and toxicity resulted from exposure to dichlor and high concentrations of Baquacil®. One 

mouse exposed to 208 mg/m³ Baquacil® showed a marked depression in respiratory rate and showed little 

recovery.  

No significant difference between the respiratory depression seen in mice exposed to ‘in use’ concentrations of 

Baquacil® and dichlor as compared to those exposed to synthetic spa water alone, demonstrating the effect of 

exposure to very high inert aerosol concentrations, regardless of the addition of Baquacil® or dichlor at these 

concentrations. 

Conclusion  

Neither Baquacil® nor dichlor diluted in synthetic spa water at ‘in use’ concentrations, would be expected to cause 

sensory irritation. A delay in the recovery of respiratory rate was noted in mice exposed to high concentrations of 

Baquacil® (208 mg/m³). 
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FORMULATED PRODUCT(S) 

IIIA 7.1—Acute toxicity (formulated product) 

There was no data submitted on registered products. Some acute studies on formulations/solution/preparations 

containing polihexanide are included with the acute studies on the active with a description of the details known of 

the constituents. A sensory irritation study in mice was conducted with ‘Baquacil’ (Rose PH, 1994) which is likely to 

be polihexanide in water and is listed in ‘Other Studies’. 


