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Abstract
Triclosan (2,4,4′-trichloro-2′-hydroxy-diphenyl ether) is an antibacterial compound that has been used in 
consumer products for about 40 years. The tolerability and safety of triclosan has been evaluated in human 
volunteers with little indication of toxicity or sensitization. Although information in humans from chronic 
usage of personal care products is not available, triclosan has been extensively studied in laboratory animals. 
When evaluated in chronic oncogenicity studies in mice, rats, and hamsters, treatment-related tumors were 
found only in the liver of male and female mice. Application of the Human Relevance Framework suggested 
that these tumors arose by way of peroxisome proliferator-activated receptor α (PPARα) activation, a mode 
of action not considered to be relevant to humans. Consequently, a Benchmark Dose (BMDL10) of 47 mg/kg/
day was developed based on kidney toxicity in the hamster. Estimates of the amount of intake from in the 
use of representative personal care products for men, women, and children were derived in two ways: (1) 
using known or assumed triclosan levels in various consumer products and assumed usage patterns (prod-
uct-based estimates); and (2) using upper bound measured urinary triclosan levels from human volunteers 
(biomonitoring-based estimates) using data from the Centers for Disease Control and Prevention. For the 
product-based estimates, the margin of safety (MOS) for the combined exposure estimates of intake from the 
use of all triclosan-containing products considered were approximately 1000, 730, and 630 for men, women, 
and children, respectively. The MOS calculated from the biomonitoring-based estimated intakes were 5200, 
6700, and 11,750 for men, women, and children, respectively. Based on these results, exposure to triclosan 
in consumer products is not expected to cause adverse health effects in children or adults who use these 
products as intended.
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1. Introduction

Triclosan (2,4,4′-trichloro-2′-hydroxy-diphenyl ether) is an 
antibacterial ingredient also known as Irgasan DP300, FAT 
80′023, CH 3565, GP41-353, and Irgacare MP (the phar-
maceutical grade of triclosan that is > 99% pure)� Triclosan 
has been used in consumer products since 1968 and in 

dental products since the 1980s in Europe (EU) and the 
mid-1990s in the United States (US) following approval by 
the US Food and Drug Administration (FDA) (FDA, 2006)� 
In 1989, it was approved for use in cosmetics at levels up 
to 0�3% by the European Community Cosmetic Directive 
(EU, 2007)�
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Triclosan is used in numerous personal care products, 
including toothpastes, antibacterial soaps (bars and liquids), 
deodorant soaps (bars and liquids), cosmetic and antisep-
tic products, and antiperspirants/deodorants (EU, 2007)� 
Triclosan is also found in cleaning supplies and is infused 
in an increasing number of consumer products, such as 
kitchen utensils, toys, bedding, clothes, fabrics, and trash 
bags� Showering or bathing with 2% triclosan has become 
a recommended regime for the decolonization of patients 
whose skin is carrying methicillin-resistant Staphylococcus 
aureus (MRSA) (Coia et al�, 2006) following the successful 
control of MRSA outbreaks in several clinical settings (Brady 
et al�, 1990; Zafar et al�, 1995)�

Biomonitoring studies have identified triclosan in urine, 
plasma, and breast milk of humans (Adolfsson-Erici et al�, 
2002; Allmyr et al�, 2006; Dayan, 2007; Wolff et al�, 2007; 
Calafat et al�, 2008) but typically without attribution to 
specific sources of triclosan exposure� Calafat and cowork-
ers (2008) reported the amount of triclosan in the urine of 
human volunteers who participated in the National Health 
and Nutrition Examination Survey (NHANES) 2003–2004 
(CDC, 2005)� NHANES is an ongoing survey conducted 
annually since 1999 by the US Centers for Disease Control 
and Prevention (CDC) designed to gather data on selected 
chemicals, including triclosan, to be used to assess the 
health and nutritional status of the general US popula-
tion� As part of this survey, urinary data were collected for 
adult men and women and children between the ages of 
6 and 11�

The safety of triclosan has been evaluated in clinical tri-
als and in other studies with human volunteers designed 
to assess tolerability and/or kinetics� Although results from 
these studies indicated that triclosan can be used safely with 
good tolerability at levels found in current personal care 
products, no long-term follow-up of potential chronic effects 
in workers, both those producing triclosan and those manu-
facturing consumer products containing triclosan, or the 
general population who use triclosan-containing products 
has been conducted� Triclosan has been extensively studied, 
however, in experimental animals, primarily by the oral and 
dermal routes of exposure with acute, subacute, subchronic, 
and chronic administration�

This investigation was conducted to (1) critically evaluate 
available information and data that can be used to assess 
the safety of triclosan and to develop intake values, such 
as experimentally derived no observed adverse effect lev-
els (NOAELs) or Benchmark doses (BMDs) derived using 
appropriate dose-response models; (2) estimate the amount 
of daily intake of triclosan from consumer products using 
typical exposure algorithms and exposure factors and the 
amount of daily intake of triclosan estimated using the 
NHANES 2003–2004 (CDC, 2005) biomonitoring data; (3) 
compare estimates of daily triclosan intake to appropri-
ate intake values (e�g�, a NOAEL or BMD) to derive a ratio, 
termed a margin of safety (MOS); and (4) provide a context 
for the calculated exposures through a safety characteriza-
tion in which the magnitude of these MOS are discussed� 

This study was based on the methods described in regula-
tory guidance for the conduct of safety or risk assessments 
(USEPA, 1987, 1997, 2000, 2005)�

2. Hazard assessment

2.1. Human safety and tolerability studies of triclosan
The following sections provide information on studies that 
evaluated the safety and tolerability of triclosan in humans� 
Table 1 provides a comprehensive listing of these studies�

2.1.1. Studies by the oral route
DeSalva and coworkers published a review of triclosan 
safety that summarized the results of clinical studies 
of oral exposure to triclosan-containing toothpaste or 
mouthwash products (DeSalva et al�, 1989)� Although 
individual studies were not identified, this publication 
reported results from 1246 participants in clinical stud-
ies in which toothpaste or mouthwash with triclosan at 
concentrations ranging from 0�01% to 0�6% had been used 
for 1 day to 12 weeks� No difference between control and 
exposed populations with respect to hematology and 
clinical chemistry findings were reported, including tests 
for liver and kidney function�

Since the DeSalva study, other studies have been con-
ducted to specifically evaluate human safety and tolerability 
of triclosan in oral care products (Lucker et al�, 1990; Safford, 
1991; Barnes, 1991a, 1991b; Fishman, 1993)� Safford (1991) 
evaluated hematological and clinical chemistry changes in 
112 subjects who brushed with toothpaste containing 0�2% 
triclosan for 65 weeks� Subjects (n = 392) in the Barnes et al� 
(1991a, 1991b) study brushed normally with 0�2% triclosan-
containing toothpaste for 52 weeks, followed by a 13-week 
period without triclosan-containing toothpaste� Fishman 
et al� (1993) conducted a 4-year, double-blind study in 
which 1435 subjects brushed with a placebo or triclosan-
containing toothpaste (0�3%) for 4 years� In a study designed 
to evaluate the kinetics of triclosan, 20 subjects were given 
increasing amounts of triclosan for 52 days; doses increased 
from 1 to 30 mg/day over a 2-week period for a total of 10 
days, followed by 15 mg/day for 30 days (Lucker et al�, 1990)� 
These studies evaluated changes in clinical biochemical 
and hematological endpoints in humans and, in the case 
of Fishman et al� (1993) and Lucker et al� (1990), urinary 
parameters� In all of these studies, no clinically relevant, 
sustained, treatment-related changes were observed in 
participants exposed to triclosan compared to control 
individuals�

2.1.2. Studies by the dermal route
2�1�2�1� Irritation studies� Dermal irritation studies in humans 
have been conducted to evaluate the potential irritation of 
triclosan alone or its impact on the irritation potential of 
sodium lauryl sulfate (SLS), a detergent found in toothpaste 
and soap formulations (Colgate-Palmolive Company, 1972; 
Bendig, 1990; Barkvoll and Rolla, 1994)� No skin irritation 
was reported after 24 hours of exposure to 0�3% triclosan 
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applied in a single patch test (Barkvoll and Rolla, 1994) or 
in repeated patch tests (occluded 48-hour exposures, twice 
a week for 5 weeks) with a soap formulation containing 
triclosan (concentration not specified) (Colgate-Palmolive 
Company, 1972)� In a multiple exposure study (10 washings 
over 2 hours), 5 out of 20 subjects using a commercially avail-
able detergent solution containing 2% triclosan complained 
of irritation of the hands and fingers (Bendig, 1990); however, 
based on testing with SLS, the irritation was likely related to 
SLS and not triclosan�
2�1�2�2� Sensitization and photosensitization� Dermal sen-
sitization studies have been conducted in men and women 
adult volunteers (Colgate-Palmolive Company, 1972; 

Marzulli and Maibach, 1973; DeSalva et al�, 1989), with no 
evidence of sensitization reported� In these studies, stand-
ard sensitization testing methods were used with a 10-day 
dermal exposure followed 14 days later by a challenge expo-
sure� In one of these studies, triclosan was administered in a 
soap formulation applied directly to the skin of volunteers; 
however, the concentration of triclosan in the formulation 
was not provided in the study (Colgate-Palmolive Company, 
1972)� Marzulli and Maibach (1973) administered triclosan 
at concentrations of 1%, 5%, or 20% and saw no evidence of 
sensitization�

Results from standard dermal patch tests were reported 
by several authors (Hannuksela et al�, 1976; Wahlberg, 1976; 

Table 1. Safety and tolerability of triclosan in humans.

Route/type Notes Study title/report no. Reference

Oral

  Triclosan: A safety profile. American Journal of Dentistry 2:185–196. DeSalva et al., 1989

1 Safety (tolerance) of pharmacokinetics of triclosan (TCS)—An expertise. Ciba-Geigy AG, Basel, 
Switzerland.

Lucker et al., 1990

1 A critical assessment of the 65-week in-use human trial with toothpaste containing 0.2% triclosan. 
Environmental Safety Laboratory, Unilever Research. Document reference: D91/007.

Safford, 1991

1 Mentadent P toothpaste: Background study in man haematological and biochemical data. 
Environmental Safety Laboratory, Unilever Research. Study number TT881017.

Barnes, 1991a

1 Mentadent P toothpaste: Triclosan toothpaste study in man haematological and biochemical  
data. Environmental Safety Laboratory, Unilever Research. Study number TT880669.

Barnes, 1991b

1 Clinical effects of fluoride dentifrices on dental caries in 3,000 adults. Colgate-Palmolive  
Company. Study number 1988-5A/DP89-001.

Fishman, 1993

Dermal irritation, sensitization, and/or photosensitization

  P-300 soap bar (primary irritation or sensitization and repeated insult patch test in humans). Colgate-Palmolive, 1972

 Surgical hand disinfection: Comparison of 4% chlorhexidine detergent solution and 2% triclosan 
detergent solution. The Journal of Hospital Infection 15:143–148.

Bendig, 1990

 Triclosan protects the skin against dermatitis caused by sodium lauryl sulphate exposure. Journal 
of Clinical Periodontology 21:717–719.

Barkvoll and Rolla, 1994

 Antimicrobials: Experimental contact sensitization in man. Journal of the Society of Cosmetic 
Chemists 24:399–421.

Marzulli and Maibach, 1973

 Triclosan: A safety profile. American Journal of Dentistry 2:185–196. DeSalva et al., 1989

 Allergy to ingredients of vehicles. Contact Dermatitis 2:105–110. Hannuksela et al., 1976

 Routine patch testing with Irgasan DP 300. Contact Dermatitis 2:292. Wahlberg, 1976

 Low allergenicity of triclosan. Predictive testing in guinea pigs and in humans. Dermatologica 
158:379–383.

Lachapelle and Tennstedt, 
1979

 Results of standard patch tests with substances abandoned. Contact Dermatitis 8:336–337. Mitchell et al., 1982

 A five-year study of cosmetic reactions. Journal of the American Academy of Dermatology 
13:1062–1069.

Adams and Maibach, 1985

 Patch tests with fragrance materials and preservatives. Contact Dermatitis 12:87–92. de Groot et al., 1985

 Contact allergy to preservatives (I). Contact Dermatitis 14:120–122. de Groot et al., 1986

 Contact dermatitis to triclosan. Contact Dermatitis 15:257–258. Veronesi et al., 1986

 Cosmetic intolerance. Contact Dermatitis 16:189–194. Broeckx et al., 1987

 Frequency of sensitization to 13 common preservatives in Switzerland. Swiss Contact Dermatitis 
Research Group. Contact Dermatitis 30:276–279.

Perrenoud et al., 1994

 Patch testing with preservatives, antimicrobials and industrial biocides. Results from a multi- 
centre study. The British Journal of Dermatology 138:467–476.

Schnuch et al., 1998

 Phototoxicity and photoallergy study on product L-2. Report to Geigy Chemical Corporation. 
Hospital of the University of Pennsylvania.

Kligman, 1969

 Phototoxicity study in mice, pigs, and humans. Temple University Skin and Cancer Hospital. Urbach, 1973

 The Scandinavian multicenter photopatch study. Preliminary results. Contact Dermatitis 
10:305–309.

Wennersten et al., 1984

 Contact dermatitis from triclosan (Irgasan DP 300). Contact Dermatitis 18:243–244. Steinkjer and Braathen, 1988

Note:
1. Study also discussed in the Pharmacokinetics section.
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Lachapelle and Tennstedt, 1979; Mitchell et al�, 1982; Adams 
and Maibach, 1985; de Groot et al�, 1985, 1986; Veronesi et al�, 
1986; Broeckx et al�, 1987; Perrenoud et al�, 1994; Schnuch 
et al�, 1998)� In most of these studies, triclosan was tested in 
patients with contact dermatitis or suspected cosmetic aller-
gies to evaluate reactions to triclosan at concentrations rang-
ing from 0�5% to 2%� Reactions to triclosan were observed 
in less than 1% of the patients evaluated� This indicates a 
very low potential for triclosan to cause skin reactions in 
a population that may be sensitive to products containing 
triclosan�

Several photosensitization and photoallergy studies 
have also been conducted for triclosan (Kligman, 1969; 
Colgate-Palmolive Company, 1972; Marzulli and Maibach, 
1973; Urbach, 1973; Wennersten et al�, 1984; Steinkjer and 
Braathen, 1988)� In two of the studies, concentrations of 
triclosan at 0�1% in methanol or 2�5% in petrolatum were 
applied to the skin for 1 hour, followed by irradiation from 
a light source (Kligman, 1969; Urbach, 1973)� No evidence 
of erythema, photosensitization, or photoallergy was 
reported in these studies� Wennersten et al� (1984) applied 
2% triclosan on the skin of volunteers for 24 hours before 
irradiating the site with ultraviolet (UV)-A unfiltered light� 
Results indicated that 2 of the 745 volunteers tested showed 
a positive photoallergic reaction to triclosan� In a repeated-
patch study in which 104 volunteers received 10 applica-
tions of 1%, 5%, or, 20% triclosan in petrolatum followed 
by UV irradiation, no evidence of photosensitization was 
reported (Marzulli and Maibach, 1973)� Colgate-Palmolive 
(1972) reported a minimal reaction in 1 volunteer of 106 
tested following 10 repeated applications and UV irradia-
tion; however, the concentration of triclosan was not speci-
fied in the study�

2.1.3. Summary of human safety and tolerability studies
No overt signs of toxicity were seen in thousands of subjects 
following use of triclosan-containing toothpaste for peri-
ods ranging from 12 weeks to 4 years (Lucker et al�, 1990; 
Safford, 1991; Barnes, 1991b; Fishman, 1993)� The clinical 
data also demonstrated that triclosan was not a dermal or 
oral mucosal irritant (Colgate-Palmolive Company, 1972; 
DeSalva et al�, 1989; Bendig, 1990; Barkvoll and Rolla, 1994) 
and was shown to have very low sensitization/allergenic 
potential at concentrations found in personal care products 
(≤1%) (Kligman, 1969; Colgate-Palmolive Company, 1972; 
Marzulli and Maibach, 1973; Urbach, 1973; Hannuksela 
et al�, 1976; Wahlberg, 1976; Lachapelle and Tennstedt, 
1979; Mitchell et al�, 1982; Wennersten et al�, 1984; Adams 
and Maibach, 1985; de Groot et al�, 1985, 1986; Veronesi 
et al�, 1986; Broeckx et al�, 1987; Steinkjer and Braathen, 
1988; DeSalva et al�, 1989; Perrenoud et al�, 1994)� In the 
studies reviewed, there was no evidence of triclosan-
associated toxicity following exposure at concentrations 
consistent with those currently used in commercially mar-
keted toothpaste or mouthwash products and topical use 
products (≤0�1% to 0�45%) (FDA, 1997; Aiello et al�, 2007; 
EU, 2007)�

2.2. Toxicity studies in animals
The following sections provide information from a variety 
of studies that evaluated the toxicology of triclosan in labo-
ratory animals� Table 2 provides a comprehensive listing 
of these studies� The discussions of study results described 
in the following sections include both studies conducted 
under Good Laboratory Practice (GLP) or an appropriate 
Organisation for Economic Co-operation and Development 
(OECD) guideline, as well as other studies conducted prior to 
GLP or OECD guideline development� Studies that were not 
conducted under these guidelines or procedures, although 
included for completeness, were not relied upon for the 
safety assessment of triclosan�

2.2.1. Irritation and sensitization studies
In single-application studies, triclosan was nonirritating 
to the skin (Dorner, 1973; Sachesse and Ullmann, 1975; 
Thomann and Maurer, 1978; Dalgard, 1979; Parkes, 1979; 
Trimmer, 1994; Burns, 1996, 1997a, 1997b), eyes (Lyman and 
Furia, 1969; Ullmann, 1980), or mucus membranes (Baert 
et al�, 1996) of laboratory animals at concentrations found in 
consumer products, which are typically ≤0�3% (EU, 2007)� At 
high concentrations, i�e�, 5%, triclosan produced moderate 
but reversible irritation on the skin of guinea pigs (Thomann 
and Maurer, 1978) and rabbits (Sachesse and Ullmann, 
1975)� Concentrations of triclosan from 1% to 100% produced 
reversible eye irritation when instilled into the conjunctiva of 
rabbits (Lyman and Furia, 1969; Ullmann, 1980)�

In 14-day repeated-dose studies in mice and rats, triclosan 
was nonirritating when applied dermally at concentrations 
equal to or less than 1�5% (Lyman and Furia, 1969; Ullmann, 
1980; Burns, 1996; Burns, 1997a, 1997b)� Moderate to severe 
dermal irritation was noted at the site of application when 
applied at concentrations greater than 1�5% in mice (Lyman 
and Furia, 1969; Ullmann, 1980; Burns, 1996, 1997a) or rats 
(Burns, 1997b)�

Rats (Trimmer, 1994), dogs (Dorner, 1973), and rhesus 
monkeys (Dalgard, 1979; Parkes, 1979) were treated with 
triclosan daily for 90 days� In rats, minimal to moderate 
grades of dermal inflammation and epidermal necrosis 
were noted in males and females at 40 and 80 mg/kg/day, 
the two highest dose groups, which were not seen in the 
recovery group; however, an increase in the incidence of 
dermal fibrosis was noted in recovery male and female rats 
administered the highest dose� In dogs, a dose-dependent 
increase in dermatitis was reported at the application site 
that was significantly increased in high-dose group (200 mg/
kg/day)� Adverse dermal effects were not reported in rhesus 
monkeys bathed daily with 0�1% triclosan�

Studies in guinea pigs demonstrated that triclosan had 
little potential for dermal sensitization using the Buehler 
method when administrated subcutaneously at a concentra-
tion of 0�1% (Maurer et al�, 1979) or topically at concentra-
tions ranging from 1% to 10% (Mueller and Strauss, 1974; 
Lachapelle and Tennstedt, 1979; Wnorowski, 1994)� Triclosan 
did not produce photosensitization to UV-A, UV-B, or UV-C 
light in guinea pigs, mice, or swine following exposure to 
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Table 2. Toxicology studies of triclosan in laboratory animals.

Route/type Notes Species Study title/report no. Reference

Irritation/sensitization studies

 1 Dog The systematic toxicological effects of three bacteriostats topically 
applied to the skin of young canines. Laboratory Research Enterprises, 
Inc. LRE study no. 301-002.

Dorner, 1973

  Rabbit Skin irritation in the rabbit after single application of FAT 80 023/A. Ciba-
Geigy Limited. Project number SISS 4719.

Sachesse and Ullmann, 1975

  Guinea pig Experiments in guinea pigs with Irgasan DP300. Thomann and Maurer, 1978

 1 Monkey 90-Day bathing of newborn rhesus monkeys with triclosan soap solution. 
Hazelton Laboratories.

Dalgard, 1979

 1, 2 Monkey Irgasan DP 300 ninety day bathing study in newborn rhesus monkeys. 
Final analytical report. Hazelton Laboratories.

Parkes, 1979

 1 Rat 90-Day subchronic dermal toxicity study in the rat with satellite 
group with irgasan DP300 (MRD-92-399). Ciba-Geigy Limited. Exxon 
Biomedical Sciences, Inc. Toxicology Laboratory. Laboratory project ID 
139910B.

Trimmer, 1994

 3 Mouse 14-Day repeated dose dermal study of tricolsan in mice. Triclosan 
Industry Alliance. Corning Hazleton Incorporated laboratory. CHV 6718-
101.

Burns, 1996

 3 Mouse 14-Day repeated dose dermal study of triclosan in CD-1 mice. Triclosan 
Industry Alliance. Corning Hazleton Incorporated laboratory. CHV 2763-
100.

Burns, 1997a

 3 Mouse 14-Day repeated dose dermal study of tricolsan in CD-1 mice. Triclosan 
Industry Alliance. Corning Hazleton Incorporated laboratory. CHV 6718-
102.

Burns, 1997b

  Multiple Toxicology of 2,4,4′-trichloro-2′-hydroxydiphenyl ether. IMS, Industrial 
Medicine and Surgery 38:64–71.

Lyman and Furia, 1969

  Rabbit Report on eye irritation in the rabbit after single application of FAT 80 
023/A. Ciba-Geigy Limited. Sponsored by Dyestuffs and Chemicals 
Division. Project number 801012.

Ullman, 1980

  Hamster The effect of sodium lauryl sulphate and triclosan on hamster cheek 
pouch mucosa. International Journal of Experimental Pathology 
77:73–78.

Baert et al., 1996

  Guinea pig Predictive evaluation in animals of the contact allergenic potential of 
medically important substances. II. Comparison of different methods 
of cutaneous sensitization with “weak” allergens. Contact Dermatitis 
5:1–10.

Maurer et al., 1979

  Guinea pig Guinea pig Buehler sensitization study compound: 1291. Toxicological 
Resources. Project number 2118-74.

Mueller and Strauss, 1974

 4 Guinea pig Low allergenicity of triclosan. Predictive testing in guinea pigs and in 
humans. Dermatologica 158:379–383.

Lachapelle and Tennstedt, 
1979

  Guinea Dermal sensitization test—Buehler method for triclosan (Irgasan DP 
300), lot no. 5.2.0211.0. Conducted by Product Safety Labs. Ciba-Geigy 
Limited. Laboratory number 2635.

Wnorowski, 1994

Subacute studies (oral)

 5 Mouse The effect of FAT 80′023/Q (Irgasan DP 300) on selected biochemical and 
morphological liver parameters following subchronic dietary adminis-
tration to male and female mice. Ciba-Geigy Limited. Laboratory report 
no. CB 91/18.

Molitor et al., 1992

  Rat GP 41 353: Report on the two weeks neurotoxicity study—Oral admin-
istration to albino rats. Ciba-Geigy Limited. Biological Research 
Laboratories of the Pharmaceuticals Davison.

Krinke, 1973

  Mice/MAGf 28-Day toxicity studying mice (administration in feed) with special refer-
ence to histopathology. Final Report. Ciba-Geigy Limited. GU project 
number 864005.

Thevenaz, 1987

 5 Rat The effects of FAT 80′023/Q (Irgasan DP 300) on selected biochemi-
cal and morphological liver parameters following subchronic dietary 
administration to male rats. Ciba-Geigy Limited. Laboratory report no. 
CB 92/28.

Molitor and Persohn, 1993

 5 Hamster The effect of FAT 80′023/R and the model inducers phenobarbitone, 
3-methylcholanthrene, pregnenolone-16α-carbonitrile and nafenopin 
on selected biochemical and morphological liver parameters in the 
Syrian hamster. Ciba-Geigy Limited. Laboratory report no. CB 93/40.

Thomas, 1994

Table 2� continued on next page
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Route/type Notes Species Study title/report no. Reference

  Baboon Irgasan DP 300 GP 41353 oral toxicity study in baboons (repeated dosage 
for 4 and 13 weeks). Huntingdon Research Center.

Noel, 1969

Subacute studies (dermal)

 6 Mouse 14-Day repeated dose dermal study of tricolsan in mice. Triclosan 
Industry Alliance. Corning Hazleton Incorporated laboratory. CHV 6718-
101.

Burns, 1996

 6 Mouse 14-Day repeated dose dermal study of tricolsan in CD-1 mice. Triclosan 
Industry Alliance. Corning Hazleton Incorporated Laboratory. CHV 
2763-100.

Burns, 1997a

 6 Mouse 14-Day repeated dose dermal study of tricolsan in CD-1 mice. Triclosan 
Industry Alliance. Corning Hazleton Incorporated Laboratory. CHV 
6718-102.

Burns, 1997b

Subacute studies (inhalation)

  Rats Irgasan DP 300 (FAT 80023/A) 21-day inhalation study on the rat. Ciba-
Geigy Limited.

Leutkemeier, 1974

Subchronic studies (oral)

  Mice/MAGf 13-Week subchronic oral toxicity study of tricolsan in CD-1 mice. 
Hazleton Washington. Report no. HWA 483-287.

Trutter, 1993

  Rat 90-Day oral toxicity study in rats with FAT 80′023/H. Final report. Litton 
Bionetics. LBI project number 22188.

Goldsmith and Craig, 1983

  Hamster 13-Week toxicity study with FAT 80′023/R in the hamster. Final report. 
Ciba-Geigy Limited. RCC project number 356490.

Schmid et al., 1994

  Dog 90 days oral toxicity study in beagle dogs with CH 3565. Labortorium fur 
Pharmakologie und Toxikologie.

Leuschner et al, 1970b

  Dog Irgasan DP 300 GP 41353 9-day oral toxicity study in dogs. Final report. 
Ciba-Geigy Limited.

Paterson, 1967

 3 Baboons Irgasan DP 300 GP 41353 oral toxicity study in baboons (repeated dosage 
for 4 and 13 weeks). Huntingdon Research Center.

Noel, 1969

  Rabbit Irgasan DP 300 GP 41 353 13-week oral toxicity study in rabbits. Final 
report. Ciba-Geigy Limited.

Patterson, 1969

  Rabbit 90 Days oral toxicity study in new Zealand white rabbits with CH 3565. 
Laboratorium fur Pharmakologie und Toxikologie.

Leuschner et al, 1970a

Subchronic studies (dermal)

 6 Rat 90-Day subchronic dermal toxicity study in the rat with satellite 
group with Irgasan DP300 (MRD-92-399). Ciba-Geigy Limited. Exxon 
Biomedical Sciences, Inc. Toxicology Laboratory. Laboratory project ID 
139910B.

Trimmer, 1994

 6 Dog The systematic toxicological effects of three bacteriostats topically 
applied to the skin of young canines. Laboratory Research Enterprises, 
Inc. LRE study no. 301-002.

Dorner, 1973

 6 Monkey 90-Day bathing of newborn rhesus monkeys with triclosan soap solution. 
Hazelton Laboratories.

Dalgard, 1979

 6, 2 Monkey Irgasan DP 300 ninety day bathing study in newborn rhesus monkeys. 
Final analytical report. Hazelton Laboratories.

Parkes, 1979

Chronic and oncogenicity studies (oral)

  Mice An 18-month oral oncogenicity study of tricolsan in the mouse via 
dietary administration. Pharmaco LSR. Study no. 93-2260.

Auletta, 1995

  Rats FAT 80′023: 2-Year oral administration to rats (MIN 833005). Ciba-Geigy 
Corporation.

Yau and Green, 1986

  Hamster FAT 80′023/S: Potential tumorigenic and chronic toxicity effects in pro-
longed dietary administration to hamsters. Huntingdon Life Sciences Ltd.

Chambers, 1999

  Baboon 1 Year oral toxicity study in baboons with compound FAT 80 023/A. Ciba-
Geigy Limited.

Drake, 1975

Biochemical and mechanistic studies (oral)

  Mouse Cell proliferation in rodent liver. Final Report. Pathology Associates, Inc. Eldridge, 1993

  Rat The effect of FAT 80′023/Q (Irgasan DP 300) on replicative DNA synthesis 
in hepatocytes following dietary administration to male rats. Chemicals 
Division, Ciba-Geigy Limited. Laboratory report CB 92/28-2.

Persohn and Molitar, 1993

  Hamster FAT 80′023/Q: Assessment of replicative DNA synthesis in the course of a 
13-week oral toxicity study in the hamster. RCC project 356490.

Persohn, 1994

Table 2. Continued�

Table 2� continued on next page
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0�1% or 1% triclosan (Urbach, 1973; Thomann and Maurer, 
1978)�

2.2.2. Subacute studies
Triclosan has been tested in repeated dose studies (31 days 
or less) in mice (Thevenaz, 1987; Molitor et al�, 1992), rats 
(Krinke, 1973; Molitor and Persohn, 1993; Crofton et al�, 
2007; Paul et al�, 2010; Zorilla et al�, 2009), hamsters (Thomas, 
1994), and baboons by the oral route; in mice (Burns, 1996, 
1997a) and rats (Burns, 1997b) by the dermal route; and in 
rats by the inhalation route (Leutkemeier et al�, 1974)� These 
studies were designed either to be range-finding studies to 
select doses for subchronic studies or to evaluate potential 
modes of action (MOA)� Consequently, not all of the studies 
were as comprehensive in the endpoints evaluated as those 
conducted for longer durations�
2�2�2�1� Oral route of exposure� Groups of male and female 
CD-1 mice (9 mice/group) were given triclosan in a dietary 
mixture for 14 days� Male mice received mean daily doses 
of 0, 18, 54, 258, or 951 mg/kg/day, whereas female mice 
received 0, 20, 271, or 1106 mg/kg/day� Two additional groups 
of male mice received 0 or 900 mg/kg/day and were observed 
over a 28-day recovery period following triclosan adminis-
tration� Dose-dependent increases in microsomal protein 
occurred in all treated groups; increases in liver weight and 
microsomal cytochrome P450 content and irregular spots of 
slight to moderate white discoloration in livers were seen in 
a dose-dependent manner at doses of ≥  50 mg/ kg/day; and 
increased induction of cytosolic glutathione S-transferase 
(GST) was seen in the two highest dose groups, 250 and 
900 mg/kg/day (Molitor et al�, 1992)� Similar results were 
seen in female mice for the two endpoints evaluated—
increased liver weight (250 and 900 mg/ kg/day) and micro-
somal protein levels (250 mg/kg/day)� With the exception of 
macroscopically detectable liver spots, which remained in 
the high-dose groups following a 28-day recovery period, all 
other effects were completely reversed� No histopathology 

analysis was done on either the mice in the main study or in 
those in the recovery group�

Triclosan was administered in the diet of male and 
female MAGf mice (5 mice/sex/dose group) for 28 days at 
doses of 0, 6�48, or 136 mg/kg/day in males and 0, 8�25, or 
169 mg/ kg/day in females; additional groups were evaluated 
after a 14-day recovery period (Thevenaz, 1987)� Significant 
increases were seen in liver enzymes (alkaline phosphatase 
[ALKP], alanine aminotransferase [ALT], and aspartate 
aminotransferase [AST]) and mean absolute and relative 
liver weights in both sexes in the high-dose group, which 
were reversible and not seen following a 14-day recovery 
period� Significant decreases in red blood (RBC) counts 
and hematocrit levels in males and decreases in hemoglobin 
levels in males and females in the high-dose groups were 
seen at the end of the study, but were not seen following the 
14-day recovery period� No changes in the liver were noted 
on macroscopic examination; however, on microscopic 
examination, centrilobular hepatocellular hypertrophy and 
multifocal necrosis were seen in all high-dose mice� The 
necrosis was either single cell or small aggregates of cells 
and was found mainly in the subcapsular region of the liver� 
In some mice in the high-dose group, Kupffer cells in the 
vicinity of the necrosis contained iron� Following recovery, 
hypertrophy was no longer present, but a few single cell 
necrotic lesions remained�

Male Sprague-Dawley rats (5 rats/group) were given 
triclosan in the diet for 14 days at doses of 0, 23, 108, or 
518 mg/ kg/day (Molitor and Persohn, 1993)� A recov-
ery group of 5 rats received a dietary concentration of 
518 mg/ kg/ day for 14 days, followed by a 28-day recovery 
period� Another group of male rats (5 rats/group) received 
triclosan in the diet at doses of 0 or 518 mg/kg/day for 42 days� 
A significant increase in relative and absolute liver weight 
and in microsomal cytochrome P450 content were noted 
at the end of 14 and 42 days of treatment in the high-dose 
group only� No macroscopic changes in the liver were noted, 

Route/type Notes Species Study title/report no. Reference

 3 Mouse The effect of FAT 80′023/Q (Irgasan DP 300) on selected biochemical and 
morphological liver parameters following subchronic dietary adminis-
tration to male and female mice. Ciba-Geigy Limited. Laboratory report 
no. CB 91/18.

Molitor et al., 1992

 3 Rat The effects of FAT 80′023/Q (Irgasan DP 300) on selected biochemi-
cal and morphological liver parameters following subchronic dietary 
administration to male rats. Ciba-Geigy Limited. Laboratory report no. 
CB 92/28.

Molitor and Persohn, 1993

 3 Hamster The effect of FAT 80′023/R and the model inducers phenobarbitone, 
3-methylcholanthrene, pregnenolone-16α-carbonitrile and napenopin 
on selected biochemical and morphological liver parameters in the 
Syrian hamster. Ciba-Geigy Limited, CH-4002 Laboratory report no. CB 
93/40.

Thomas, 1994

Notes:
1. Study also listed/discussed in the Subchronic Studies section.
2. Study also listed/discussed in the Pharmacokinetics section.
3. Study also listed/discussed in the Subacute Studies section
4. Study also listed/discussed in the Human Safety and Tolerability Studies section.
5. Study also listed/discussed in the Biochemical and Mechanistic Studies section
6. Study also listed/discussed in the Animal Dermal Sensitization/Photosensitization section.

Table 2. Continued�
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and microscopic changes in morphology of hepatocyte 
organelles, seen in the highest dose tested, were described 
as moderate (14 days) to striking (42 days) proliferation of 
smooth endoplasmic reticulum, increased cytoplasmic 
lipid vacuoles at both durations, mitochondria with dilated 
christae after 42 days of treatment, and peroxisomal matrices 
containing matrical plates after 14 days but not 42 days of 
treatment� All findings noted in the 14-day treatment group 
were reversed following the 28-day recovery period�

Syrian hamsters (5 animals/sex/group) were given 
triclosan in the diet resulting in doses of 0, 49�9, 309�8, or 
799 mg/kg/day in males and 0, 46�0, 314�3, or 958�8 mg/kg/
day in females for 14 days (Thomas, 1994)� A recovery group 
(5/sex/group) was given 0 or 799 mg/kg/day in males and 
0 or 958�8 mg/kg/day in females for 14 days followed by a 
28-day recovery period� There were no clinical signs that 
were attributed to treatment in any dose group� Absolute 
liver weight was unchanged but relative liver weight was 
increased in the highest dose groups, which was not com-
pletely reversed following the recovery period� The increase 
in relative liver weight was more likely a function of the 
significant reduction in final body weight in the high-dose 
group relative to control and not due to direct effects on the 
liver� No changes in the liver were noted upon macroscopic 
examination and no treatment-related effects on hepatocytes 
were noted upon microscopic examination� Spots or patches 
of white pigmentation of the kidneys were seen at the highest 
dose upon macroscopic examination; however, microscopic 
examination of the kidneys was not conducted�

Noel et al� (1969) conducted a study in which groups 
of male and female baboons (1 to 4/sex/group) were 
administered 0, 1, 3, 10, 30, or 100 mg/kg/day of triclosan 
in gelatin capsules for 4 weeks� Animals were monitored for 
clinical signs, changes in body weight, or changes in food 
of water consumption� Changes in hematology or clinical 
chemistry were also monitored� Upon termination of the 
study, a full macroscopic and microscopic examination was 
conducted� No evidence of any treatment-related effects 
was reported�

In a neurotoxicity study, male and female albino rats  
(5 to 10/sex/group) were administered triclosan orally 
at doses of 0, 100, 300, 1000, or 2000 mg/kg/day for 14 
days (Krinke, 1973)� Mortality incidence was significantly 
increased in the highest dose group, with only 3 of 10 males 
and no females surviving to terminal sacrifice at 15 days� 
Clinical signs noted were increased water consumption, 
urine output, and ataxia at doses of ≥ 300 mg/kg/day; and 
decreased muscle tension in the two highest dose groups� 
These effects increased in severity and occurred earlier with 
increasing dose, and in the high-dose group, additional signs 
of distress were noted, e�g�, spastic respiration� Despite these 
clinical signs, no changes were seen in absolute or relative 
brain weight (only organ evaluated) or in histopathology of 
the brain or peripheral sciatic nerve�

Three studies have been conducted that evaluated the 
effects of triclosan on thyroid function (Crofton et al�, 2007; 
Paul et al�, 2010; Zorilla et al�, 2009)� Female Long-Evans rats 

(8 to 16 rats/group) were administered 0, 10, 30, 100, 300, or 
1000 mg/kg/day triclosan by oral gavage for 4 consecutive 
days (Crofton et al�, 2007)� No clinical signs of toxicity were 
seen in any animals during treatment� Absolute and relative 
liver weights were increased in the high-dose group� After 4 
days of treatment, dose-dependent decreases in total (bound 
and free) serum thyroxine (T

4
) levels were seen in rats treated 

with triclosan in the three highest dose groups (neither trii-
odothyronine [T

3
] nor thyroid-stimulating hormone [TSH] 

levels were measured)�
Paul et al� (2010) followed the same protocol used in the 

Crofton et al� (2007) but added 8 additional animals per dose 
group� No clinical signs of toxicity were seen in any animals 
during treatment and changes in absolute and relative liver 
weights were consistent with those reported in the Crofton 
et al� (2007) study� The Paul et al� (2010) study also reported 
significant decreases in the total serum T

4
 levels in the high-

est dose groups� Dose-related reductions in total serum T
3
 

concentrations were seen in 8 additional rats treated with 
triclosan for 4 days at doses of 300 or 1000 mg/kg/day� No 
significant changes in the levels of TSH were seen in any 
dose group�

In a pubertal study, groups of male Wistar rats (8 to 15 per 
group) were treated with 0, 3, 30, 100, 200, or 300 mg/ kg/ day 
triclosan by oral gavage from postnatal days (PNDs) 23 to 
53 (Zorrilla et al�, 2009)� Liver weights were increased at 
100, 200, and 300 mg/kg/day� Dose-dependent decreases 
in serum T

4
 concentrations were seen at 30, 100, 200, and 

300 mg/kg/day� A decrease in serum T
3
 was seen in animals 

exposed to 200 mg/kg/day triclosan� Additionally, T
3
 was 

increased at 3 mg/kg/day but not affected in 30, 100, or 
300 mg/kg/day dose groups� No treatment-related changes 
in TSH were seen in any dose group� Effect on hepatic micro-
somal uridine diphosphoglucuronosyl transferase (UDPGT) 
activity was seen in the highest dose group compared 
to controls� Evaluation of ethoxyresorufin O-deethylase 
(EROD) activity noted significant decreases in all dose 
groups� Pentoxyresorufin O-deethylase (PROD) activity was 
increased in the high-dose group only� Histological evalu-
ation of the thyroid showed that there were no treatment-
related changes in the follicular epithelial height in any dose 
group following exposure to triclosan� Decreases in colloid 
area (colloid depletion) were seen in thyroid gland sections 
but only in the high-dose group�
2�2�2�2� Dermal route of exposure� Triclosan was applied der-
mally to male and female CD-1 mice (10 mice/sex/group) at 
doses of 0, 0�3, 0�6, 1�5, 3�0, or 6�0 mg/animal/day (approxi-
mately 0, 10,, 20, 50, 100, or 200 mg/kg/day) in a propylene 
glycol vehicle (Burns, 1996) or in an acetone vehicle (Burns, 
1997a) for 14 days� Relative and absolute liver weights were 
increased in all but the lowest dose group (10 mg/kg/day) in 
males but only in the highest dose group in females in the 
propylene glycol vehicle groups, and at doses ≥ 50 mg/ kg/ day 
in males in the acetone vehicle groups� Macroscopic 
examination noted pale foci in the livers in the two high-
est dose groups in males, 100 and 200 mg/kg, with either 
vehicle� In the propylene glycol vehicle group, centrilobular 
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hypertrophy was significantly increased in the 50, 100, and 
200 mg/kg dose groups in males and females, with both the 
incidence and severity increasing with dose� The incidence 
of either focal or multifocal necrosis was not significantly 
increased in either sex� In the acetone vehicle groups in 
mice, no treatment-related microscopic changes were seen 
in females at any dose; the incidence of centrilobular hyper-
trophy and multifocal necrosis was significantly increased 
in the two highest treatment groups� In a study of similar 
design in male and female Crl:CD BR rats (10/sex/group), 
triclosan was applied dermally at doses of 0, 0�3, 0�6, 1�5, 
3�0, or 6 mg/animal/day (approximately 0, 1�2, 2�4, 6�0, 12, or 
24 mg/kg/day) for 14 days in an acetone or propylene glycol 
vehicle (Burns, 1997b)� No significant changes in relative or 
absolute liver weight were found and no treatment-related 
effects were noted in either the macroscopic or microscopic 
examination in either sex�
2�2�2�3� Inhalation route of exposure� Leutkemeier et al� 
(1974) exposed groups of RAI rats (9 rats/sex/group) to 
triclosan by the inhalation route at concentrations of 0, 50, 
115, or 301 mg/m3 5 days per week for 2 hours per day for 
21 days (the two highest concentration groups were initially 
227 and 1300 mg/m3 but were reduced to 115 and 301 mg/ m3  
after the first day of exposure because of an increase in 
 mortality in these two groups)� Four rats per sex from the 
controls and the 115 mg/m3 group were kept for a 17-day 
recovery period� Significant increases in ALT and ALKP were 
elevated in the high-concentration groups of both sexes, and 
in males ALKP was also increased in the mid-concentration 
group, all of which returned to levels comparable to controls 
following the recovery period� There were no differences in 
liver weights among groups and no macroscopic changes in 
rats that survived to the end of the treatment period� Acute 
congestion and hemorrhagic foci were seen in the lungs 
and all internal organs examined only in rats in the highest 
concentration group that died prior to the end of the study� 
The only microscopic finding related to treatment was acute 
inflammation with focal ulcerations in the nasal cavity and 
trachea�

2.2.3. Subchronic studies
Triclosan has also been tested in subchronic studies by the 
oral route in mice, rats, hamsters, rabbits, dogs, and baboons 
or by the dermal route in rats, dogs, or rhesus monkeys� In all 
of the studies conducted post-GLP, animals were examined 
regularly to assess survival, physical observations for signs 
of toxicity, and ophthalmoscopic observations, with body 
weight and food consumption measurements performed at 
specified intervals during the study� Hematological, clinical 
chemistry, and urinary parameters were evaluated at the end 
of the study and in some cases at an interim sacrifice prior to 
terminal sacrifice� Selected organ to body weight or to brain 
weight ratios were calculated� Complete macroscopic and 
histopathological examinations were conducted� Only statis-
tically significant or biologically relevant treatment-related 
effects are included in this discussion� Results for older stud-
ies conducted pre-GLP are also provided�

2�2�3�1� Oral route� Groups of male and female CD-1 mice 
were given triclosan in the diet at doses of 0, 25, 75,, 200, 
350, 750, or 900 mg/kg/day for 90 days (terminal sacrifice, 15 
mice/sex/group) or at doses of 0, 25, 350, or 900 mg/kg/day 
for 45 days (interim sacrifice, 10 mice/group) (Trutter, 1993)� 
In the 45-day study, all animals survived to the scheduled 
sacrifice and in the 90-day study, mortality was comparable 
among controls and treated animals� A statistically significant 
decrease in body weight and food consumption was reported 
in the high-dose females at both 45 and 90 days� There was 
a significant, dose-related trend in decreased erythrocytes, 
hemoglobin, and hematocrit mean values in males at doses 
≥ 25 mg/kg/day and in females at doses ≥ 75 mg/kg/day in the 
90-day study� These hematological changes were also seen 
in the 45-day study at doses ≥ 350 mg/kg/day in both males 
and females� The pattern of changes in liver enzyme levels 
was consistent for both dosing durations, i�e�, alterations in 
changes in liver enzymes did not occur at lower doses as the 
duration of exposure increased� Significant increases in ALT 
occurred at doses of ≥ 350 mg/kg/day in both sexes, and in 
ALKP in females at doses of ≥ 25 mg/kg/day and males at doses 
≥ 200 mg/kg/day, whereas significant decreases in cholesterol 
were seen at all dose levels at both treatment durations� Upon 
either interim or terminal sacrifice, macroscopic examination 
revealed enlarged livers and both dark and pale discolora-
tions of the liver in both sexes in the two highest dose groups 
after 45 days of treatment and in doses of 200 mg/kg/day and 
higher after 90 days of treatment� Relative and absolute liver 
weights were significantly increased from controls in both 
sexes at both time periods at doses of ≥ 75 mg/kg/day, and 
increased in a dose-related manner� Microscopic examina-
tion of animals in the 90-day study found significant changes 
in liver histopathology to include dose-related increases in 
both the incidence and severity of centrilobular hypertrophy 
in males at doses of ≥ 75 mg/kg/day and in females at doses 
of ≥ 200 mg/kg/day� Accumulation of pigment, considered 
to represent either bile stasis or a combination of phagocy-
tosed bile and cellular remnants (Kupffer cell/macrophage 
pigment), was significantly increased in both sexes at doses 
of ≥  75 mg/kg/day, with both the incidence and severity 
increasing with dose� There was an increase in chronic bile 
duct inflammation in males at doses ≥ 350 mg/kg/day and in 
the 750 and 900 mg/kg/day dose groups in females� There was 
also an accumulation of bile pigments that occurred at doses 
of ≥ 350 in both sexes� The incidence and severity of single-
cell necrosis increased in a dose-related manner and was 
significantly different from controls at doses ≥ 75 mg/kg/day 
in males and ≥ 200 mg/kg/day in females� The incidence and 
severity of discrete foci of multiple cell necrosis was signifi-
cantly increased in males at doses ≥ 200 mg/kg/day but was 
increased only in the high-dose group in females� In addi-
tion, inflammation of the glandular stomach was reported 
in males at doses of ≥ 200 mg/kg/day and in females at doses 
of ≥ 350 mg/kg/day� There was also a statistically significant 
increase in inflammation of the kidneys in females only at 
doses of ≥ 200 mg/kg/day, along with increased tubular 
regeneration in high-dose females�
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In another subchronic study, CRL:COBS CD(SD) BR rats 
(25 rats/sex/group) were given triclosan in the diet at doses 
of 0, 50, 150, or 300 mg/kg/day for 45 or 90 days (Goldsmith 
and Craig, 1983)� Survival was unaffected in all groups� Body 
weight gains and absolute body weights were significantly 
decreased at both 45 and 90 days in the high-dose males 
only� There was a significant decrease in triglyceride levels 
in males in the high-dose group at 90 days� There were no 
treatment-related changes in any of the other clinical chem-
istry parameters evaluated, including liver enzymes when 
measured after 45 or 90 days, and no changes in urinalysis 
or hematological parameters were seen at either time point� 
At 45 days, relative liver weights in both the mid- and high-
dose groups and relative kidney weights in the high-dose 
group were significantly increased in males, with no organ 
weight changes in females� After 90 days of treatment, rela-
tive liver weights were increased in both sexes in the high-
dose group only� At both 45 and 90 days, histopathological 
changes were limited to the liver and included significant 
increases in the incidence of mild centrilobular hypertrophy 
in males and females in the mid- and high-dose groups and 
an increase in mild centrilobular fatty metamorphosis in 
high-dose males�

No evidence of liver toxicity was reported in male and 
female Syrian Golden hamsters administered triclosan in 
the diet at doses of 0, 75, 200, 350, 750, or 900 mg/kg/day 
for 90 days (terminal sacrifice, 15 animals per group) or 0, 
75, 350, or 900 mg/kg/day for 45 days (interim sacrifice, 20 
animals per sex in the control and 10 animals per sex in the 
treatment groups) (Schmid et al�, 1994)� Decreases in body 
weight gain were noted in both sexes in the two highest 
dose groups� Changes in clinical biochemistry parameters, 
e�g�, significant increases in triglycerides at 900 mg/kg/
day at 45 and 90 days and a significant decrease in ALKP 
at 900 mg/ kg/ day at 45 days and at 750 and 900 mg/kg/day 
at 90 days, were identified by the authors as indications of 
liver toxicity� However, changes in other liver enzymes or 
increased liver weights, both relative and absolute, were 
not seen, and no indication of liver toxicity was noted with 
macroscopic or microscopic examinations� In contrast, clear 
indications of kidney toxicity were noted in both the clinical 
biochemistry (increased urea, calcium, phosphorus, sodium, 
chloride, and protein) and urinalysis (increased polyuria, 
hematuria, and hemoglobinuria, and decreased specific 
gravity and osmolality) examinations in both sexes at doses 
of 350 mg/kg/day or higher after 42 days of treatment and in 
the 200 mg/kg/day groups or higher after 90 days� In males, 
levels of α

1
-globulin and α

2
-globulin in plasma were elevated 

at doses of 75 mg/ kg/ day and higher in the 45-day study and 
at 750 mg/kg/day and higher in the 90-day study� In females, 
increases in these proteins were only noted in the high-dose 
group, 900 mg/kg/day, at both time points�

After 90 days of treatment, macroscopic evaluations of 
the kidneys revealed tan discoloration and/or granulated 
surfaces in males and females at 750 and 900 mg/kg/day� 
Microscopic examinations revealed increases in tubular 
casts, basophilia, and dilation in a dose-dependent manner 

in both males and females� The severity and degree of these 
microscopic changes were lower in animals receiving doses 
of ≤350 mg/kg/day than in those groups receiving 750 and 
900 mg/kg/day� In male and female hamsters exposed for 90 
days there was an increase of diffuse cell proliferation of the 
pelvic urothelium at 350 mg/kg/day and higher�

Two studies have evaluated the effects of triclosan in 
Beagle dogs� Leuschner et al� (1970b) fed triclosan to Beagle 
dogs at doses of 0, 5, 12�5, or 25 mg/kg/day (4/sex/group) for 
90 days� The authors reported no treatment-related effects in 
any of the endpoints evaluated to include hematology, clini-
cal chemistry, urinalysis, ophthalmic and hearing examina-
tions, and macroscopic and microscopic examinations� In 
an earlier study, groups of male and female Beagle dogs (6/
sex/group) were given oral doses of Triclosan at 0, 25, 50, 
100, or 200 mg/kg/day in capsule form for 90 days (Paterson, 
1967)� Although individual group results were reported, no 
statistical evaluation was conducted� Increased levels of 
ALAP were reported in the high-dose group at 30 days, and 
in the 50 and 100 mg/kg/day dose groups throughout the 
study� Increased ALT levels were reported in animals dosed 
at 50 mg/kg/day or greater� Urinalysis revealed the presence 
of bile salts in all dosed groups� Macroscopic evaluation 
revealed liver “disturbances” only in animals that had been 
clinically affected� Histopathological analysis of the liver 
noted lesions consisting of bile retention, necrosis, patho-
logical fat, and Kupffer cell activation� Some of the animals 
in the 100 and 200 mg/kg/day dose groups showed severe 
liver damage and hyperplastic bone marrow�

Baboons (3/sex/group) were given 0 or 3 mg/kg/day of 
triclosan in gelatin capsules for 90 days (Noel et al�, 1969)� 
No deaths were reported, and there were no effects on body 
weight or food consumption� No treatment-related clinical 
chemistry or hematological findings were reported and there 
were no changes in absolute or relative organ weights� No 
effects were seen during gross necropsy or histopathological 
examinations�

Paterson (1969) conducted oral toxicity testing in rab-
bits (unknown strain) over a 90-day exposure period� 
Rabbits (3/sex/group) were administered doses of 0, 3, 30, 
or 150 mg/ kg/ day by oral gavage for 90 days� Mortality was 
increased in the two highest test groups� There was a signifi-
cant increase in absolute lung weight at 30 and 150 mg/kg/
day, and a significant increase in relative lung and kidney 
weight at 150 mg/kg/day� Histopathological examinations 
reported no significant lesions at 0 or 3 mg/kg/day in either 
sex� In the 30 and 150 mg/kg/day groups in both sexes, edema 
and necrosis of the lungs was noted in three to four animals, 
with no other lesions reported� No statistical analysis was 
performed on histopathology results� In an earlier study, 
groups of New Zealand rabbits (6/sex/group) were fed diets 
containing 0, 12�5, 25, 62�5, or 125 mg/kg/day of triclosan 
for 90 days (Leuschner et al�, 1970a)� No treatment-related 
effects were reported�
2�2�3�2� Dermal route� Trimmer (1994) conducted dermal 
toxicity testing in Sprague-Dawley rats (10/sex/group)� 
Triclosan was applied to the dorsal surface of the test animals 
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(approximately 10% of the total body surface) at doses of 0, 
10, 40, or 80 mg/kg/day for 90 days� A satellite recovery group 
of rats (10/sex/group) was exposed to 80 mg/kg/day in the 
same manner but were allowed a 28-day recovery period� 
Treatment-related effects were limited to dermal irritation 
that was observed in all treatment groups and was dose and 
time dependant�

A dermal subchronic 90-day study was conducted in 
which Beagle dogs (4/sex/group) were given triclosan in 
a cornstarch slurry at doses of 0, 2, 20, or 200 mg/kg/day 
(Dorner, 1973)� No effects other than dermatitis at the appli-
cation site at the highest dose were reported�

Dalgard et al� (1979) and Parkes et al� (1979) evaluated the 
effect of daily bathing of infant rhesus monkeys (10 monkeys) 
bathed for 5 minutes daily for 90 consecutive days in a soap 
solution containing 0�1% triclosan� Ten additional monkeys, 
serving as controls, were treated in the same manner using 
soap that did not contain triclosan� Animals were necropsied 
at the end of 90 days except for recovery animals that were 
necropsied after an additional 30-day recovery period� No 
deaths were reported� No treatment-related clinical chem-
istry or hematological effects or other differences between 
control and treated animals were reported, including 
 treatment-related histopathology changes�

2.2.4. Chronic and oncogenicity studies
Chronic bioassays in mice, rats, and hamsters treated with 
triclosan in the diet for 18, 24, and 21 months, respectively, 
were conducted to evaluate the chronic toxicity and carci-
nogenic potential of triclosan (Yau and Green, 1986; Auletta, 
1995; Chambers, 1999), all of which met GLP and OEDC 
guidelines� The only significant carcinogenicity noted was 
the increased incidence of liver tumors in mice, but not in 
rats or hamsters� The major findings of these are discussed 
in the following sections�
2�2�4�1� Studies in mice� A study was conducted in male and 
female CD-1 mice to evaluate the effects of chronic exposure 
to triclosan (Auletta, 1995)� Groups of mice were given tri-
closan in the diet at concentrations that resulted in doses of 
0, 10, 30, 100, or 200 mg/kg/day for 6 months (20 animals per 
sex per dose group) or 18 months (50 animals per sex per 
dose group)� Animals were examined daily� Physical obser-
vations for signs of toxicity, ophthalmoscopic observations, 
and body weight and food consumption measurements were 
performed on all animals pretest and at specified intervals 
during the study� Hematological, clinical chemistry,and uri-
nary parameters were evaluated in 10 mice per sex per dose 
group at 6 months and on all survivors at 18 months, with 
the exception of the mice used to evaluate triclosan absorp-
tion� Absorption was evaluated in 10 animals per sex per dose 
group at both 6 and 18 months (randomly selected from sur-
viving animals at termination)� After 6 months of treatment, 
20 mice per sex per dose group and all animals that survived 
to study termination were sacrificed and selected organ 
to body weight or to brain weight ratios were calculated� 
Complete macroscopic and histopathological examinations 
were conducted in all animals after 6 months of treatment 

and all animals that died on test or at terminal sacrifice at 
18 months�

Mortality in the first 6 months was low with no more 
than two animals in any group dying prior to the 6-month 
sacrifice� In the 18-month study, survival rates for males 
treated with 100 mg/kg/day (64%) and for females treated 
with 200 mg/kg/day (68%) were statistically significantly 
lower than survival rates for control males (88%) and females 
(92%), respectively� The survival rate for the high-dose males 
(78%) was not significantly lower than the controls; there-
fore, the authors did not attribute the survival difference in 
males to triclosan� The decrease in survival in the high-dose 
females was considered to be treatment related�

There were no consistent, treatment-related, dose-
dependent, statistically significant adverse effects on body 
weights gains, absolute body weights, or food consumption 
noted in either sex� There were dose-related, statistically sig-
nificant elevations in absolute liver weights and liver weights 
relative to brain and body weights in male and female mice 
in the 30 mg/kg/day group at 18 months and in the 100 and 
200 mg/kg/day groups at both 6 and 18 months� There were 
no consistent treatment-related effects reported for other 
organs�

The only treatment-related alterations in clinical chem-
istry parameters were those associated with liver function� 
Some enzyme levels were altered and included dose-related, 
statistically significant elevations in ALT and ALKP levels in 
ma1es and females treated with 100 and 200 mg/kg/day for 
6 and 18 months� Increases in mean ALKP levels in females 
in the 30 mg/kg/day dose group were only statistically sig-
nificant at 18 months� Mean AST values were significantly 
increased only in high-dose females at 18 months but not 6 
months� Statistically significant decreases in serum choles-
terol levels relative to control values were reported in both 
sexes in the 30, 100, and 200 mg/kg/day treatment groups at 
6 months and in both sexes at all dose levels at 18 months� 
There were no effects on triglyceride levels�

Macroscopic examinations revealed significantly 
increased incidence of enlarged livers in the two highest dose 
groups in males and females after 6 months of treatment, and 
an increase in hepatic nodules/masses and/or discolorations 
in all males and in females treated with 100 or 200 mg/kg/
day after 18 months� In both the 6- and 18-month studies, 
microscopic examinations detected minimal to moderately 
severe hepatocellular hypertrophy that increased in both 
incidence and severity with dose in males in all treatment 
groups and in females in the 30, 100, and 200 mg/kg/ day 
treatment groups� There was an increase in incidence and 
severity of a brown pigment, identified as lipofuscin, in 
hepatocytes, biliary canaliculi, and Kupffer cells as well as 
necrosis involving small aggregates of hepatocytes in males 
and females in the two highest treatment groups after 6 or 
18 months of treatment�

The only neoplasm noted at the 6-month interim sacri-
fice was an adenoma present in the liver of one high-dose 
female mouse� In the 18-month study, the incidence of 
benign and malignant hepatocellular neoplasms (adenomas, 
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carcinomas) was higher in both males and females in treated 
groups than in the control groups� Table 3 summarizes the 
data on the incidence and onset of liver tumors� The inci-
dence of tumors in the 30, 100, and 200 mg/kg/day treatment 
groups were reported to be statistically significantly greater 
than controls for both sexes� The increase of tumors reported 
in males in the 10 mg/kg/day group was not significant� There 
were other benign and malignant tumors identified in other 
organs and tissues that were not considered to be treatment 
related�
2�2�4�2� Studies in rats� Male and female Sprague-Dawley rats 
were fed triclosan in the diet resulting at concentrations of 
0, 300, 1000, or 3000 ppm for 13, 26, 52, 78, and 104 weeks 
(Yau and Green, 1986)� These concentrations corresponded 
to approximate doses of 0, 16, 52, or 150 mg triclosan/kg/day� 
The 3000 ppm exposure level was considered by the authors 
to be the maximum tolerated dose (MTD)� An additional 
group of rats was fed 6000 ppm (approximately 300 mg/kg/
day) triclosan in the diet for 52 weeks� This was considered to 
be a toxic dose� The study design included (1) satellite groups 
to evaluate blood and tissue levels of triclosan and its metab-
olites after administration of 0, 15, 50, or 150 mg/ kg/ day to 5 
rats/sex/dose for 13, 26, or 78 weeks of treatment; (2) interim 
sacrifice groups treated for 52 weeks at doses of 0, 15, 50, 150, 
or 300 mg/kg/day (20 rats/sex/dose group); and (3) the main 
study in which 60 rats/sex/group were treated through study 
termination at 104 weeks at concentrations of 0, 15, 50, or 
150 mg/kg/day� Twenty rats per sex per group were randomly 
selected for clinical laboratory evaluations (hematology, 
clinical chemistry, and urinalysis) conducted at weeks 13, 
26, 52, 78, and 104 (only up to 52 weeks for the 300 mg/kg/
day group)� Physical examinations were conducted at study 
initiation and monthly during the study, with evaluation for 
tissue masses conducted every 2 weeks� Every rat was evalu-
ated daily for toxicological and pharmacological effects of 
triclosan and feed consumption and body weight values were 
obtained weekly during the first 3 months and once a month 
after 3 months�

There were no significant treatment-related effects on 
mortality during any of the treatment periods� No clinical 
signs or ocular findings were considered to be treatment-
related in any dose group at any time point evaluated� 
Statistically significant hematological changes were noted 

in individual parameters but these were slight and transient� 
For example, a significant trend in reduction in reticulocytes 
was seen at the 13-, 26-, and 52-week examinations but not 
at 78 or 104 weeks� Further, there were no macroscopic or 
microscopic indications of an effect on the hematopoietic 
system, none of the animals were anemic, and there were 
no apparent effects on homeostasis�

Slight and transient differences between treated groups 
and controls were noted in some clinical chemistry param-
eters at some time points, such as increased ALT levels in 
males at 78 weeks and in females at 13 and 104 weeks at the 
highest dose tested� Increased AST were seen in females only 
at the 26-week examination but at no other time point and 
only at 150 mg/kg/day� Although indicated as statistically 
significant when compared to the concurrent controls, the 
magnitude of these changes was slight�

Significant reductions in average body weight relative to 
control values were reported in rats in the 150 mg/kg/day 
(females: 6�2%) and 300 mg/kg/day treatment groups (males: 
10�4%, females: 22�9%) after 52 weeks� No significant changes 
in body weight relative to control were reported after 104 
weeks; however, the 300 mg/kg/day dose group was not car-
ried to this time point� Mean absolute liver weights were sig-
nificantly lower in males in the 150 mg/kg/day group and in 
males and females in the 300 mg/kg/day group as compared 
to controls after 52 weeks� Statistically significant decreases 
in mean relative liver weights were reported only in the 
males in the 150 mg/kg/day group compared to controls after 
52 weeks of treatment� Average absolute and relative liver 
weights of all other treatment groups at 13, 26, 78, and 104 
weeks were comparable to control means� Other observed 
organ weight changes were associated with decreased mean 
body weight at doses ≥ 150 mg/kg/day�

There were no treatment-related gross or macroscopic 
lesions in any rats from any treatment group throughout 
the study� Microscopic examination revealed a statistically 
significant number of male rats with enlarged centrilobu-
lar hepatocytes containing hyaline-appearing cytoplasmic 
“inclusions” (described as fine-grained or flocculent eosi-
nophilic cytoplasm) and centrilobular hypertrophy in males 
in the 150 and 300 mg/kg/day dose groups at 13 weeks and at 
52 weeks in males in the 300 mg/kg/day group� Centrilobular 
hypertrophy was also noted in male rats in the 150 mg/kg/day 

Table 3. Incidence of hepatocellular neoplasms in mice.

 Number of tumor-bearing micea

Dose level (mg/kg/day)

Carcinoma Adenoma Adenomas and carcinomas combined

Males Females Males Females Males Females

0 2 0 5 (5) 0 6 (6) 0

10 3 (3) 0 7 (7) 1 10 (10) 1

30 6 (3) 1 (1) 13 (16)* 3 (3)* 17 (17)** 3 (3)*
100 11 (9)** 1 (1) 22 (24)** 6 (6)** 32 (32)** 6 (6)**
200 24 (22)** 14 (14)**b 26 (26)** 11 (11)** 42 (42)** 20 (20)**b

**p ≤ .01; *p ≤ .05.
aThe results in parentheses are the consensus results of a pathology peer review conducted after the study was completed to microscopically review all 
the livers slides from all animals in the study of Jokinen (1995), found in Appendix Q of Auletta (1995).
bThere were 60 animals per sex, per dose group.
bThe adenoma found in one female in the 6-month interim study is included.
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group at the 78-week interim sacrifice, but this increase was 
not statistically significant� There was no evidence of tumors 
or preneoplastic lesions in rats treated with triclosan up to 
300 mg/kg/day in the diet for 52 weeks or 150 mg/kg/day for 
104 weeks�
2�2�4�3� Studies in hamsters� A study was conducted to evalu-
ate the chronic toxicity and carcinogenicity of triclosan in 
hamsters following administration of triclosan in their diet 
(Chambers, 1999)� Three groups of 60 male and 60 female Bio 
F1D Alexander Syrian hamsters were treated with triclosan 
at doses of 12�5, 75 or 250 mg/kg/day for 90 weeks (females) 
or 95 weeks (males)� Two groups of 60 males and 60 females 
served as controls� Five groups (10 hamsters/sex/group) 
were treated with triclosan at the same doses and sacrificed 
at 52 weeks for blood sampling and interim evaluation� Body 
weight and food consumption measurements were recorded 
weekly and clinical signs were monitored daily for all ani-
mals� Water consumption measures were obtained and 
urinalysis evaluations were performed at regular intervals 
during the study� Clinical chemistry parameters were evalu-
ated and complete necropsies were performed, including 
organ weight analysis and histopathological evaluation at 
52 weeks and study termination�

The incidence of deaths among males in the 250 mg/kg/
day group was significantly increased compared to the con-
trol animals after 80 weeks of treatment� A rapid increase 
in the number of deaths in male hamsters was observed in 
the 250 mg/kg/day group after 81 weeks� Mean survival rates 
to week 95 for males were 65% and 72% for the two control 
groups and 75%, 80%, and 35% for the 12�5, 75, and 250 mg/
kg/day treatment groups, respectively� The mean survival 
rates to week 90 for females were 40% and 38% for the two 
control groups and 47%, 58%, and 48% in the 12�5, 75, and 
250 mg/kg/day treatment groups, respectively� Among male 
hamsters treated with 250 mg/kg/day, a gradual deteriora-
tion in the general clinical condition of the animals became 
apparent during the latter period of the study (after 80 weeks 
of treatment)� This appeared as lethargy, hunched posture, 
pallor, thin appearance, and unsteady gait during their final 
weeks of treatment�

Hematological and clinical chemistry parameters were 
slightly different in some treated hamsters as compared to the 
controls; however, most were not statistically significant, were 
not consistent or dose related, and were not considered to be 
treatment related� At week 50, statistically significant increases 
in plasma urea nitrogen levels were observed in male and 
female hamsters in the 75 and 250 mg/kg/day groups� At week 
90, statistically significant increases in plasma urea nitrogen 
were observed in female hamsters in the 75 and 250 mg/kg/
day groups, but only in males in the 250 mg/kg/day group� 
Group mean urinary volumes significantly increased, with 
an associated decrease in specific gravity values in males and 
females in the 250 mg/kg/day groups as compared to controls 
at all time points� In addition, mean protein levels, heme pig-
ments, and erythrocytes were significantly increased in males 
and females treated with 250 mg/kg/day at the 13- to 65-week 
urinary analyses as compared to controls�

Body weight gain was significantly reduced throughout 
the study among males and females in the 250 mg/kg/day 
treatment group, with body weights only attaining approxi-
mately 50% of the weight gain achieved by control animals� 
There were no treatment-related changes or effects on any 
organ weights�

No effects on the liver were seen in either the macroscopic 
or microscopic examinations� Treatment-related effects were 
noted in the kidney, testes, and stomach� In the high-dose 
group there was an increase in nephropathy in both sexes� An 
adverse effect on water balance was noted with an increase 
in urinary output and a compensatory increase in water con-
sumption� Changes in plasma urea nitrogen, sodium, and 
calcium and in urinary chloride levels were noted along with 
the presence of increases in heme pigments and erythro-
cytes� Macroscopic examination revealed an increased inci-
dence of irregular cortical scarring of the kidneys in males 
and females in the 250 mg/kg/day treatment groups at week 
53� In addition, the primary microscopic findings included 
distended medullary tubules and areas of dilated basophilic 
tubules occasionally associated with eosinophilic colloid/
fibrosis in males treated with 250 mg/kg/day� A significantly 
increased incidence of radial areas of dilated basophilic 
tubules associated with eosinophilic colloid/fibrosis was 
also observed in females in the 250 mg/kg/day group 
when compared to controls� The incidence of nephropa-
thy was significantly increased in males and females in the  
250 mg/kg/day group as compared to controls�

The number of animals identified as having spermato-
zoa absent, abnormal spermatogenic cells, and a reduced 
number of spermatozoa were significantly increased in the 
high-dose group, and there was partial depletion of one or 
more generations of germ cells in male testes also in the 
high-dose group� There was a significant increase in focal 
and multifocal atypical hyperplasia in the fundic region of 
the stomach in males treated with 250 mg/kg/day as com-
pared to controls� According to the authors, the reduced 
weight gain and general poor condition of the male hamsters 
during the latter part of the study period contributed to these 
findings and would be considered to be secondary effects 
from exposure to high doses of triclosan�
2�2�4�4� Studies in baboons� Drake (1975) administered tri-
closan in gelatin capsule to groups of 7 male and 7 female 
baboons at doses of 0, 30, 100, or 300 mg/kg/day for up to 1 
year with 2/sex from each group sacrificed at 6 months, 3/
sex sacrificed at the end of dosing, and the remaining 2/sex 
sacrificed following a 28-day recovery period� No spontane-
ous deaths occurred� In the 100 and 300 mg/kg/day dose 
groups, there was an increase in intermittent diarrhea and the 
severity of diarrhea was treatment related� Results showed no 
significant changes in hematological or blood chemistry val-
ues, and no morphological changes were noted in the interim 
sacrifice, final sacrifice, or recovery group animals�

2.2.5. Biochemical and mechanistic studies
Studies have been conducted in mice (Molitor et al�, 1992; 
Eldridge, 1993), rats (Molitor and Persohn, 1993; Persohn 
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and Molitor, 1993), and hamsters (Persohn, 1994; Thomas, 
1994) to investigate the effects of triclosan on hepatocyte 
proliferation, enzyme induction, biochemical parameters, 
and liver morphology to discern the MOA of triclosan in 
the production of mouse liver tumors and to elucidate the 
species differences, i�e�, the lack of liver tumors in rats and 
hamsters treated with triclosan at comparable doses and 
durations as the mice� Similar protocols were used in the 
cell proliferation studies and in the studies of changes in liver 
morphology and biochemical parameters�

Changes in DNA synthesis were evaluated in male and 
female CD-1 mice (0, 25, 75, 200, 350, or 900 mg/kg/day) 
(Eldridge, 1993), male Sprague-Dawley rats (0, 29, 157, or 
409 mg/kg/day) (Persohn and Molitor, 1993), and male and 
female Syrian gold hamsters (0, 75, 200, 350, 700, or 900 mg/
kg/day) (Persohn, 1994) administered triclosan in the diet 
for up to 90 days� Hepatocyte cell proliferation, as measured 
by increases in proliferating cell nuclear antigen (PCNA), 
was significantly increased in both male and female mice 
after 45 days and 90 days of treatment at the two highest dose 
groups (350 and 900 mg/kg/day) and in males after treatment 
with, 200 mg/kg/day at both time points� The mean labeling 
index increased in a dose-related manner with increases 
(fold-increases over controls) of 1�2, 3�2, and 8�0 in males 
and 1�1, 4�2, and 6�6 in females for the 25, 350, and 900 mg/
kg/day dose groups, respectively, after 45 days of treatment; 
increases of 1�2, 3�2, and 8�0 in males and 1�1, 4�2, and 6�6 in 
females for the 25, 350, and 900 mg/kg/day dose groups were 
seen at the 90-day treatment period� No increases in hepatic 
cell proliferation were seen in rats after either 45 or 90 days of 
treatment at doses as high as 300 mg/kg/day or in hamsters 
treated at doses up to 900 mg/kg/day�

Male mice (Molitor et al�, 1992), rats (Molitor and Persohn, 
1993), and hamsters (Thomas, 1994) were given triclosan in 
the diet for 14 days at doses up to 950 mg/kg/day in mice, 
518 mg/kg/day in rats, and 799 mg/kg/day in hamsters, and 
biochemical parameters evaluated at 14 days and following 
a 28-day recovery period� Table 4 provides a summary of 
biochemical and morphological changes observed in these 
studies� Female mice, rats, and hamsters were also evalu-
ated using similar protocols with similar results; therefore, 
only data for males are given in Table 4� Triclosan pro-
duced significant, dose-dependent increases in a number 
of biochemical parameters in mice� Significant increases 
in cyanide-insensitive peroxisomal fatty acid β-oxidation 
(palmitoyl coenzyme A [CoA] oxidation) were seen in mice 
but not in rats or hamsters� Significantly increased lauric 
acid 11-hydroxylation was seen in mice only, whereas 
12-hydroxylation activity was significantly increased in mice 
at doses of 50 mg/kg/day or higher and in the highest dose 
groups in rats and hamsters� The response was stronger in 
mice (299%, 627%, and 833% of control values in the 50, 
200, and 950 mg/kg/day dose groups) compared to that in 
rats (281% in the 518 mg/kg/day group) or hamsters (240% 
in the 799 mg/kg/day group)� In mice, cytochrome P450 3A 
(CYP3A) and CYP4A were elevated in all dose groups but no 
change over baseline was noted in CYP1A activity, whereas 

in rats CYP1A and CYP2B were strongly elevated (4�2- and 
24�7-fold increases, respectively) but only marginal changes 
were seen in CYP3A and CYP4A and effectively no changes 
in CYP1A, CYP3A, or CYP4A were seen in hamsters� Dose-
related increases in smooth endoplasmic reticulum (SER), 
reductions in rough endoplasmic reticulum (RER), and an 
increase in both the number and size of peroxisomes were 
observed in mice� In rats, only a moderate increase in (SER) 
was seen in the high-dose group and no changes in these 
parameters were seen in hamsters� Most of these parameters 
returned to control values following the 28-day recovery 
period�

In the Paul et al� (2010) study, the activity of several 
phase I and phase II xenobiotic metabolizing enzymes was 
measured� After 4 days of treatment, EROD activity was sig-
nificantly decreased in the 30, 100, and 300 mg/kg/day dose 
groups, although no significant changes in CYP1A1 mRNA 
levels were seen� PROD activity was significantly increased 
in the two highest dose groups (100 and 300 mg/kg/day) 
compared to controls, consistent with an increase in CYP2B2 
mRNA in the 300 mg/kg/day dose group� A statistically sig-
nificant increase in UDPGT activity was seen in the highest 
dose group (300 mg/kg/day) compared to controls� Paul 
et al� (2010) did not evaluate changes in the CYP4A family 
characteristically associated with peroxisome proliferator-
activated receptor α (PPARα) activation or other indices of 
such activation�

2.2.6. Summary of systemic toxicity studies
2�2�6�1� Subacute, subchronic, and chronic studies� Triclosan 
has been tested in repeated-dose studies (30 days or less) by 
the oral route in mice (Thevenaz, 1987; Molitor et al�, 1992), 
rats (Molitor and Persohn, 1993), baboons (Noel et al�, 1969), 
or hamsters (Thomas, 1994); by the dermal route in mice 
(Burns, 1996; Burns, 1997a) or rats (Burns, 1997b); or by the 
inhalation route in rats (Leutkemeier et al�, 1974)� Triclosan 
has also been tested in subchronic (approximately 45 or 90 
days) and chronic studies by the oral route in mice (Trutter, 
1993; Auletta, 1995), rats (Goldsmith and Craig, 1983; Yau 
and Green, 1986), hamsters (Schmid et al�, 1994; Chambers, 
1999), rabbits (Paterson, 1969; Leuschner et al�, 1970a), 
dogs (Paterson, 1967; Leuschner et al�, 1970b), and baboons 
(Noel et al�, 1969; Drake, 1975); or by the dermal route in rats 
(Trimmer, 1994), dogs (Dorner, 1973), or rhesus monkeys 
(Dalgard, 1979; Parkes, 1979)� Adverse effects, when present, 
were seen in the liver of some species tested, with toxicity 
ranging from changes indicative of adaptive responses 
(changes in liver weight or liver enzymes or increases in 
hypertrophy without accompanying alterations in histopa-
thology), as seen in mice at doses greater than 10 mg/kg/day 
(Thevenaz, 1987; Molitor et al�, 1992; Auletta, 1995; Burns, 
1997a), rats at doses greater than 300 mg/kg/day (Goldsmith 
and Craig, 1983; Yau and Green, 1986; Trimmer, 1994), and 
hamsters at doses greater than 350 mg/kg/day (Schmid et al�, 
1994; Thomas, 1994), to changes, such as hepatocellular 
hypertrophy, increases in peroxisome number and size, and 
increases in SER, that were associated with the neoplastic 
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effects in the liver of mice (Thevenaz, 1987; Molitor et al�, 
1992; Trutter, 1993; Auletta, 1995) (Table 5)�

Crofton et al� (2007), Paul et al� (2010), and Zorilla et al� 
(2009) reported dose-dependent decreases in serum T

4
 levels 

in female rats administered triclosan for 4 days at doses of 
100, 300, or 1000 mg/kg/day (Crofton et al�, 2007; Paul et al�, 
2010) or in male rats after 31 days of treatment at doses of 
30 to 300 mg/kg/day (Zorilla et al�, 2009)� Paul et al� (2010) 
also reported significant reductions in total T

3
 serum con-

centrations at doses of 300 and 1000 mg/kg/day after 4 days 

of treatment� No consistent changes in T
3
 levels in male rats 

after 31 days of treatment were seen (Zorilla et al�, 2009)� No 
changes in TSH were seen in either the Paul et al� (2010) or 
Zorilla et al� (2009) studies� Paul et al� (2010) did report an 
increase in UDPGT activity, which would be consistent with 
an early adaptive response leading to increased elimination 
of T

4
 in the bile with resulting decreases in circulating T

4
 and 

T
3
 levels� Crofton et al� (2007) did not conduct any histologi-

cal evaluations� Zorilla et al� (2009) reported that there were 
no treatment-related changes in the follicular epithelial 

Table 4. Summary of biochemical and morphological changes in male mice, rats, and hamsters following 14-day exposure to triclosan in the diet.**

 

Males/species

Micea Doses (mg/kg/day) Ratsb Doses (mg/kg/day) Hamsterc Doses (mg/kg/day)

20 50 200 950 950Rd 23 108 518 518R 49.9 309.8 799 799R

Biochemical parameters

Microsomal protein ↑ ↑ ↑↑↑ ↑↑↑ — — — — — — — ↑↑ —

Cytosolic protein — — — — — — — ↑ —   ↑↑↑ —

Cytochrome P450 — ↑ ↑↑↑ ↑↑↑ — — — ↑↑↑ —  ↑↑↑ ↑↑↑ —

Glutathione S-transferase —  ↑↑↑ ↑↑↑ — — — ↑↑ — — — ↑ —

Fatty acid β-oxidation 
(palmitoyl CoA oxidation)

— ↑↑↑ ↑↑↑ ↑↑↑ — ↑ — — — — — — —

Lauric acid hydroxylation 
activity, 11-OH

↑↑ ↑↑↑ ↑↑↑ ↑↑↑ — — — — — — — ↑↑↑ —

Lauric acid hydroxylation 
activity, 12-OH

— ↑↑↑ ↑↑↑ ↑↑↑ — — — ↑ — — ↑ ↑↑↑ —

Ethoxyresorufin 
O-deethylase (EROD)

↑↑ ↑↑↑ ↑↑↑ ↑↑↑ — ↑↑ ↑↑ ↑↑ —  ↑↑ ↑↑↑ —

Pentoxyresorufin 
O-depentylase (PROD)

↑↑↑ ↑↑↑ ↑↑↑ ↑↑↑ ↑ — ↑↑ ↑↑↑ ↑↑↑  ↑↑↑ ↑↑↑ —

2β-OH testosterone ↑ ↑↑ ↑↑↑ ↑↑↑ ↑↑↑ — — — — — — — —

6β-OH testosterone ↑ ↑ ↑↑↑ ↑↑↑ ↑↑↑ — — — ↑ — — — —

15β-OH Testosterone — ↑ ↑↑↑ ↑↑↑ ↑ — — — — — — — —

16β-OH testosterone — — — ↑ — — — ↑↑↑ ↑ — — — —

1α-OH testosterone      — — — —     

2α-OH testosterone      — — — ↑     

6α-OH testosterone — — — — ↑↑ — — — ↑     

7α-OH Testosterone — — ↑ ↑↑↑ — — — — — — — — —

16α-OH testosterone — ↑ ↑↑↑ ↑↑ — — — — ↑     

15α-OH testosterone      — — ↑↑↑ ↑↑↑ — — — —

Androstenedione ↑ — — — — — — — ↑↑  ↑ ↑↑↑  

CYP1A — — — — — — 2.3× 4.2× — 1.3× 1.3× — 1.2×

CYP2B      — 6.5× 24.7× 25.9×     

CYP3A 2×e 4× 6.5× 8.4× — — 1.3× 2.1× 3.6× — 1.1× — —

CYP4A 1.5× 2.8× 6.4× 7.8× 1.2× — 1.2× 1.6× 1.7× — 2.0× 2.7× —

Morphological changes

Smooth endoplasmic 
reticulum—proliferation

(+) (+) + + —   + —   — —

Rough endoplasmic 
reticulum—reduction

0 (+) ++ ++ —   — —   — —

Peroxisome number 0 + ++ +++ —   — —   — —

Peroxisome size 0 + + + —   — —   — —

**Female mice, rats, and hamsters were also evaluated using similar protocols with similar results.
aMolitor et al. (1992).
bMolitor and Persohn (1993).
cThomas (1994).
d28-Day recovery group.
eRepresents the fold induction over control values.
↑ = p < .05; ↑↑ = p < .01; ↑↑↑ = p < .001.
0 = no change; (+) = marginal; + = moderate; ++ = distinct; +++ = striking change.
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height in any dose group following exposure to triclosan; 
however, decreases in colloid area (colloid depletion) were 
seen in thyroid gland sections but only in the high-dose 
group (300 mg/kg/day)� No other study conducted with tri-
closan evaluated thyroid hormone levels and in some studies 
the thyroid was not evaluated at all� In those other studies 
in which thyroid weights and/or histopathological evalu-
ations were conducted, there was no evidence of an effect 
on the thyroid in subchronic studies in mice at doses up to 
900 mg/kg/day (Trutter, 1993), rats at doses up to 300 mg/kg/
day (Goldsmith and Craig, 1983), dogs at doses up to 25 mg/
kg/day (Leuschner et al�, 1970b), or rhesus monkeys treated 
dermally with a 0�1% triclosan solution daily (Dalgard et al�, 
1979; Parkes et al�, 1979)� No effects on thyroid weight or 
histopathology were seen following chronic administration 
of triclosan in the diet in mice at doses up to 200 mg/kg/
day (Auletta, 1995), rats at doses up to 150 mg/kg/day (Yau 
and Green, 1986), hamsters at doses up to 250 mg/kg/day 
(Chambers, 1999), or baboons at doses up to 300 mg/kg/day 
(Drake, 1975)�

Kidney effects were noted in the hamster at doses greater 
than 250 mg/kg/day (Chambers, 1999)� Inflammation of the 
kidneys were noted in female mice at ≥ 200 mg/kg/day and 
tubular regeneration in the high dose, 900 mg/kg/day, after 
90 days of treatment (Trutter, 1993)� Other potential effects 
of triclosan were changes in the hematopoietic system in 
mice, rats, hamsters, and dogs; however, these observations 
were inconsistent with regard to dose or species and were 
not accompanied by histopathological changes indicative of 
treatment-related effects� No clear treatment-related effects 
of any kind were seen in rabbits (Paterson, 1969; Leuschner 
et al�, 1970a), baboons (Noel et al�, 1969; Drake, 1975), or 
rhesus monkeys (Dalgard, 1979; Parkes, 1979)� However, it’s 
important to note that these studies were conducted pre-
GLP and have limitations, such as small numbers of animals 
per treatment group�
2�2�6�2� Summary of the carcinogenicity studies� Triclosan 
administration to mice in their diet for 18 months produced 
liver toxicity and liver tumors� Liver tumors were the only 
neoplasm reported to be related to treatment with triclosan 

Table 5. Comparison of administered doses of triclosan in the diet and noncancer liver effects in male mice, rats, and hamsters.**

Duration(days) Dosesa (mg/kg/day)

Clinical Macroscopic Microscopic

ReferenceEnzymes

Absolute 
or relative 

weights

Discoloration 
and/or 

enlargement
Centrilobular 
hypertrophy

Focal or multi-
focal necrosis Tumors Otherb

Mice, CD-1

14 0, 20, 50, 250, or 950; 
5/group

NEc 50 250 NE NE NE 50 Molitor et al., 1992

28 0, 6.48, or 136; 5/
group

136 136 NSd 136 136 NS 136 Thevenaz, 1987

42 0, 25, 350 or 900; 10/
group

25 350 350 NE NE NE NE Trutter, 1993

90 0, 25, 75, 200, 350, 750, 
or 900; 15/group

25 75 200 75 75 NS 75 Trutter, 1993

Rats, Sprague-Dawley

14 0, 23, 108, or 518; 5/
group

NE 518 NE NE NE NE 518 Molitor and Persohn, 
1993; Persohn and 
Molitor, 1993

42 0 or 518; 5/group NE 518 NE NE NE NE 518 Molitor and Persohn, 
1993

42 0, 23, 108, or 518; 5/
group

NE 518 NE NE NE NE NE Persohn and Molitor, 
1993

45 0, 72, 224, or 486; 10/
group

NS 224 NS 224 NS NS NS Goldsmith and 
Craig, 1983

90 0, 65, 198, or 433; 15/
group

NS 433 NS 198 NS NS NS Goldsmith and 
Craig, 1983

Hamsters, Syrian Golden

14 0, 49.9, 309.8, 799; 5/
group

NE 799 NS NS NS NE NS Thomas, 1994

45 0, 75, 350, 900; 10/
group

NS 900 NS NS NS NS NS Schmid et al., 1994

90 0, 75, 200, 350, 750, or 
900; 10/group

900 750 NS NS NS NS NS Schmid et al., 1994

**Female mice, rats, and hamsters were also evaluated using similar protocols with similar results.
aAll values are the lowest dose at which the effect was observed.
bEffects included increases in smooth endoplastic reticulum, decreases in rough endoplastic reticulum, increases in peroxisome number and/or size, 
increase in the number and structure of hepatocytes organelles (NOS), or Kupffer cells in vicinity of necrosis contained pigment either assumed to be 
iron or identified as lipofuscin.
cNot evaluated.
dNo significant changes.
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and the lowest dose associated with a significant increase in 
the incidence of adenomas or carcinomas was 30 mg/kg/day 
in both males and females�

Treatment of rats with triclosan in their diet at levels up to 
150 mg/kg/day for 104 weeks or 300 mg/kg/day for 52 weeks 
was not associated with a significant increase in the inci-
dence of neoplasm or preneoplastic changes� The observed 
hematological and clinical chemistry alterations were not 
considered to be of toxicological or physiological importance 
because of the lack of anemic conditions and the absence of 
significant microscopic findings� The reduced relative liver 
weight changes reported in male rats treated with ≥ 150 mg/
kg/day were deemed to be due to body weight changes and 
not a hepatotoxic effect of triclosan� The study concluded 
that the MTD for rats was 150 mg/kg/day based on the mild 
clinical chemistry changes, effects on body weight, and his-
tological evidence of centrilobular hypertrophy and initial 
manifestations of toxicity in rats treated with 300 mg/kg/day 
for 52 weeks�

Dietary administration of triclosan to hamsters resulted in 
treatment-related effects in males and females treated with 
250 mg/kg/day for 90 or 95 weeks� There was an increased 
mortality in males at this dose and body weight gain was 
significantly reduced in males and females� Macroscopic and 
microscopic examinations revealed nephropathy in males 
and females in the 250 mg/kg/day treatment group� There 
was no microscopic or macroscopic evidence of treatment-
related neoplastic changes� The maximum tolerated dose 
for both sexes was 250 mg/kg/day, with male survival being 
adversely affected� The study authors concluded that there 
was no evidence of carcinogenic potential for triclosan 
observed at any of the dose levels evaluated in this study�

In conclusion, triclosan produced an increase in liver 
tumors in male and female mice given triclosan in the 
diet for 18 months (Auletta, 1995) but not in rats (Yau and 
Green, 1986) or hamsters (Chambers, 1999) in either males 
or females given triclosan in the diet at comparable doses for 
24 and 21 months, respectively�

2.3. Mutagenicity and genotoxicity studies
The mutagenic and genotoxic potential of triclosan has 
been evaluated in an extensive battery of studies using in 
vitro and in vivo assays designed to evaluate the full range of 
potential mutagenic or genotoxic events in prokaryotic and 
eukaryotic systems, i�e�, point mutations, frame shift muta-
tions, recombination events, and clastogenic events� Table 6 
provides a comprehensive listing of these genotoxicity and 
mutagenicity studies�

2.3.1. Gene mutation studies
2�3�1�1� Nonmammalian gene mutation assays� Triclosan has 
been evaluated in in vitro bacterial reverse mutation studies 
(Ames Assays) (Arni and Muller, 1978a; Jones and Wilson, 
1988; Stankowski, 1993)� The three in vitro studies with tri-
closan used multiple strains of Salmonella typhimurium  
both with and without S9 metabolic activation� Arni and 
Muller (1979) also evaluated the mutagenicity of triclosan 

using an intrasanguine host-mediated bacterial reverse 
mutation assay� All of the results from these in vitro and 
host-mediated reverse mutation assays were negative, indi-
cating that triclosan did not produce gene mutations in these 
systems�

The mutagenicity of triclosan was evaluated in the MP-1 
diploid strain of Saccharomyces cerevisiae (Fahrig, 1978a; 
Arni and Muller, 1978b)� Fahrig (1978a) noted a weak, but 
statistically significant increase in both point mutations 
and intergenic recombination events in yeast exposed to 
triclosan only at 200 μg/ml� A similar study conducted did 
not identify a positive response in any of the genetic altera-
tions evaluated in the assay following exposure to a range of 
triclosan concentrations up to 200 μg/ml (Arni and Muller, 
1978b)� Magnusson (1979) also noted a negative response of 
triclosan in a sex-linked recessive lethal test in Drosophila 
melanogaster�
2�3�1�2� In vitro mammalian cell gene mutation studies� The 
potential mutagenic effects of triclosan at the thymidine 
kinase (tk) locus in mouse lymphoma L5178Y cells with and 
without metabolic activation have been tested (Strasser and 
Muller, 1978; Henderson et al�, 1988b)� The results showed 
no increase in mutant frequency at concentrations that  
did not produce cytotoxicity (up to 20 μg/ml without S9 
and up to 15 μg/ml with S9)� Strasser and Muller (1978) also 
evaluated the mutagenicity of triclosan at the tk locus in 
mouse lymphoma L5178Y cells in a host-mediated experi-
ment in mice, observing no treatment-related increases in 
mutant frequency�

2.3.2. Structural chromosomal aberration studies
2�3�2�1� In vitro mammalian chromosomal aberration studies� 
Triclosan has been evaluated in two in vitro chromosomal 
aberration studies using mammalian cells (Brooker et al�, 
1988; Heidemann, 1990)� Brooker et al� (1988) observed no 
increases in chromosomal aberrations in Chinese hamster 
ovary (CHO) cells, with and without S9 metabolic activation, 
at concentrations up to 1 μg/ml (without S9) or 30 μg/ml 
(with S9)� Cytotest Cell Research (Heidemann, 1990) evalu-
ated chromosome aberrations in Chinese Hamster V79 cells 
following exposure to triclosan concentrations up to 3 μg/ml 
with and without S9 metabolic activation� The authors noted 
concentration-related increases in chromosomal aberrations 
with statistically significant increases in cells exposed to the 
highest concentration of triclosan tested (3�0 μg/ml) at the 
18-hour and 28-hour fixation intervals (without S9)� At the 
18-hour fixation time in the presence of S9, the authors also 
considered the number of chromosome aberrations to be 
“biologically relevant” even though the increase was not 
statistically significant�

In vitro genotoxicity tests using mammalian cell lines 
have been criticized for yielding high rates of false-positive 
results (Tweats et al�, 2007)� Sofuni et al� (1990) found that 
Chinese hamster lung cells appeared to be more sensitive 
to clastogenic damage than Chinese hamster ovary cells� 
The sensitivity of the V79 cells (an immortalized Chinese 
hamster lung fibroblast line) to clastogenic effects has been 
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linked to mutations in the p53 gene and deficiencies in p53 
protein function in its role in cell cycle arrest and DNA repair 
(Chaung et al�, 1997)� These authors stated that results of 
genotoxicity studies with V79 cells “must be interpreted with 
caution as a result of the disruption of normal DNA damage 
response pathway�” At a minimum, the single positive result 
in an in vitro mammalian chromosomal aberration assay 
should be evaluated in a weight-of-evidence context with the 

multiple in vivo mammalian cytogenetic assays described in 
the following section�
2�3�2�2� In vivo mammalian chromosomal aberration stud-
ies� The potential for triclosan to induce chromosome aber-
rations in vivo has been evaluated in the peripheral bone 
marrow cells of hamsters following at repeated doses of up 
to 600 mg/kg (Strasser and Muller, 1973, 1979), rats following 
a single dose of 4000 mg/kg (Volkner, 1991), and in mouse 

Table 6. Mutagenicity and genotoxicity studies with triclosan.

Study type Study title/report no. Reference

Gene mutation (nonmammalian)

 Salmonella/mammalian-microsome mutagenicity test with FAT 80 023/A. Ciba-Geigy Limited.  
Experiment no.78-2511.

Arni and Muller, 1978a

Triclosan ames metabolic activation test to assess the potential mutagenic effect. Huntingdon Research 
Centre, Ltd. URL 215/88704.

Jones and Wilson, 1988

Ames/Salmonella plate incorporation assay on test article 39316 (CC no. 14663-09)—Amended final  
report. Pharmakon study no. 301-CP-001-93.

Stankowski, 1993

Intrasanguine host mediated assay with S. typhimurium with FAT 80 023/A. Ciba-Geigy Limited. 
Experiment no. 78/2803.

Arni and Muller, 1979

Genetic activity of Irgasan DP 300 in the MP-1 strain of S. cerevisiae. Fahrig, 1978a

Mutagenicity test on S. Cerevisiae MP-1 in vitro with FAT 80 023/A. Ciba-Geigy Limited. Experiment no. 
78/3402/978.

Arni and Muller, 1978b

Mutagenic effects of Irgasan on Drosophila molanogastar. Magnusson, 1979

Gene mutation (mammalian cells in vitro)

 Point mutation assay with mouse lymphoma cells I. In vitro test II. Host-mediated assay with FAT 80023A 
(test for mutagenic properties in mammalian cells). Ciba-Geigy Limited. Experiment no. 78-2305 and 
78-2306.

Strasser and Muller, 1978

An assessment of the mutagenic potential of triclosan using the mouse lymphoma TK locus assay. 
Huntingdon Research Centre.

Henderson et al., 1988b

Structural chromosomal aberration (mammalian cells in vitro)

 Analysis of metaphase chromosomes obtained from CHO cells cultured in vitro and treated with  
triclosan. Huntingdon Research Centre. ULR 214/88731, Unilever test no. KC 880171/1988.

Brooker et al., 1988

Chromosome aberration assay in Chinese hamster V79 cells in vitro with FAT 80′023/Q. Cytotest Cell 
Research. CCR project no. 179100.

Heidemann, 1990

Structural chromosomal aberration (in vivo)

 Chromosome studies in somatic cells—GP 41 353 (triclosan) Chinese hamster (test for mutagenic effects 
on bone marrow cells). Ciba-Geigy Limited.

Strasser and Muller, 1973

Chromosome studies in somatic cells long-term study with FAT 80 023 A. Chinese hamster (test for  
mutagenic effects on bone marrow cells). Ciba-Geigy Limited. Experiment no. 78-3105. Batch 652.

Strasser and Muller, 1979

Chromosome aberration assay in bone marrow cells of the rat with FAT 80′023/Q. Cytotest Cell Research. 
CCR project no. 218305/1991.

Volkner, 1991

Chromosome studies in male germinal epithelium, FAT 80 023/A, mouse (test for mutagenic effects on 
spermatogonia). Ciba-Geigy Limited. Experiment no. 78-2903/1978.

Hool et al., 1978

Chromosome studies in male germinal epithelium, FAT 80 023/A, mouse (test for mutagenic effects on 
spermatogonia). Ciba-Geigy Limited. Experiment no. 78-2904/1979.

Hool et al., 1979

Nucleus anomaly test on somatic interphase nuclei, GP 41 343 (triclosan), Chinese hamster. Ciba-Geigy 
Limited.

Langauer and Muller, 1974

Nucleus anomaly test in somatic interphase nuclei, long-term study with FAT 80023/A, Chinese hamster. 
Ciba-Geigy Limited. Experiment no. 78-3005.

Langauer and Muller, 1978

Triclosan mouse micronucleus test. HRC study no. ULR 213/88492. Huntingdon Research Centre.  
Unilever study no. KC 880168.

Henderson et al., 1988a

Other genotoxicity studies

 Triclosan: Assessment of genotoxicity in an unscheduled DNA synthesis assay using adult rat hepatocyte 
primary cultures. IRI project no. 738388. Unilever study no. KU 880258.

Raich, 1988

Rat hepatocyte primary culture/DNA repair test on 39317. Pharmakon study no. PH 311-CP-001-93. 
Colgate-Palmolive study no. CP-93-013.

San Sebastian, 1993

Dominant lethal study: Preparation: GP 41 355. Ciba-Geigy Limited. Fritz, 1971

Use of the mouse spot test to investigate the mutagenic potential of triclosan (Irgasan DP300). Mutation 
Research 79:7–12.

Russell and Montgomery, 
1980

The effect of Irgasan DP 300 in the “Mammalian Spot Test,” an in vivo method for the detection of genetic 
alterations in somatic cells of mice.

Fahrig, 1978b
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spermatocytes following repeated doses up to 1512 mg/kg 
(Hool et al�, 1978, 1979)� Triclosan did not induce chromo-
some aberrations at any dose tested in any of these studies�
2�3�2�3� Mammalian erythrocyte micronucleus studies� 
The ability of triclosan to induce other clastogenic effects 
has been evaluated in three in vivo micronucleus assays 
using erythrocytes of hamsters following repeated doses 
of up to 600 mg/kg (Langauer and Muller, 1974, 1978; 
Henderson et al�, 1988a) or mice following a single dose of 
5000 mg/ kg (Langauer and Muller, 1974, 1978; Henderson 
et al�, 1988a)�

Taken together, the negative results of the in vivo chromo-
some aberration assays and the in vivo erythrocyte micro-
nucleus assays are more significant than the single positive 
result in the in vitro chromosome aberration study in V79 
cells and provide strong evidence that triclosan does not 
produce clastogenic effects in whole-animal systems�

2.3.3. Other genotoxicity studies
Raich (1988) and San Sebastin (1993) performed in vitro 
studies to evaluate the ability of triclosan at concentrations 
up to 10 or 5 μg/ml, respectively, to induce DNA damage by 
measuring unscheduled DNA synthesis (UDS) in primary 
hepatocytes from male F344 rats� No UDS was observed at 
any doses tested in these experiments�

Fritz (1971) evaluated the potential clastogenic effects of 
triclosan in a Dominant Lethal study using male NMRI mice� 
No differences in mating ratios, number of implantations, or 
number of embryonic deaths were observed between female 
mice mated to triclosan-treated males or control males�

Triclosan has also been evaluated in two in vivo mouse 
spot assays (Fahrig, 1978b; Russell and Montgomery, 1980)� 
Fahrig (1978b) reported a significant increase in recessive 
spots in the offspring of females treated with doses of tri-
closan of up to 50 mg/kg (dissolved in Hanks balanced salt 
solution) in a single intraperitoneal injection� In a similar 
study, however, Russell and Montgomery (1980) reported no 
increase in the frequency of recessive spots in the offspring 
of females treated with doses of triclosan up to 25 mg/kg (dis-
solved in 60% methanol) in a single intraperitoneal injection� 
These authors noted maternal toxicity at the 25 mg/kg dose 

and reported that higher doses of triclosan, including 50 and 
75 mg/kg, had produced significant mortality in initial range 
finding studies� Russell and Montgomery (1980) also sug-
gested that the triclosan dose reported in the Fahrig (1978b) 
study would result in maternal toxicity that precludes evalu-
ation in this assay�

2.3.4. Summary of the mutagenicity and genotoxicity 
studies
A battery of 24 in vitro and in vivo mutagenicity and geno-
toxicity tests designed to evaluate the full range of potential 
to produce mutagenic or genotoxic effects in prokaryotic 
and eukaryotic systems indicated that neither triclosan 
nor its metabolites are mutagenic or genotoxic� Of these 24 
experiments, only 3 yielded weakly positive responses for 
the endpoints evaluated (Fahrig, 1978a, 1978b; Heidemann, 
1990)� Two of these assays used in vitro systems (Fahrig, 
1978a; Heidemann, 1990), whereas the third was an in vivo 
test (Fahrig, 1978b)� As described above, the few weakly 
positive results are not consistent with respect to type of 
genetic alterations observed nor have the observations been 
duplicated in the same or equivalent assays� Accordingly, the 
overall weight of evidence from these experiments indicates 
that triclosan is not mutagenic or genotoxic�

2.4. Reproductive and developmental studies
The following sections provide information on studies 
that evaluated the effects of triclosan on reproduction and 
development in experimental animals� Table 7 provides a 
comprehensive listing of these studies�

2.4.1. Two-generation reproductive/developmental study
A two-generation study in CRL:CD (SD)Br rats was con-
ducted with triclosan (Morseth, 1988)� The doses for this 
study were 0, 15, 50, and 150 mg/kg/day administered in the 
diet of males and females (25/sex/group) for 10 weeks prior 
to mating and throughout mating, gestation, and lactation or 
until terminal sacrifice� Premating findings were limited to a 
significant increase in body weight gains (weeks 1 to 10) in 
the 50 mg/kg/day females but not at the highest dose� There 
were no treatment-related effects on clinical observations, 

Table 7. Reproductive and developmental studies with triclosan.

Study type Species Study title/report no. Reference

Two-generation reproductive/developmental study

 Rat Two-generation reproduction study in rats FAT 80′023 A. Ciba-Geigy Corporation. Hazleton 
Laboratories America, Inc. HLA study no. 2386-100.

Morseth, 1988

Developmental toxicity studies

 Rat Developmental toxicity (embryo-fetal toxicity and teratogenic potential) study of C-P sample no. 
38326 administered orally via the diet to Crl:CD1(ICR)BR presumed pregnant mice. Argus  
Research Laboratories. Protocol number 403-010. Sponsor’s study number 92-001.

Christian and Hoberman, 
1992b

 Rat A segment II teratology study in rats with Irgacare MP (C-P sample no. 38328). Bio/Dynamics. 
Project no. 91-3665. Colgate-Palmolive study no. 91-005.

Schroeder and Daly, 
1992a

 Rats Triclosan: Effects on pregnancy and post-natal development in rats. Environmental Safety 
Laboratory. Unilever Research. Document reference: 92-105.

Denning et al., 1992

 Rabbit A segment II teratology study in rabbits with Irgacare MP (C-P sample no. 38328). Bio/Dynamics. 
Project no. 91-3666. Colgate-Palmolive study no. 91-006.

Schroeder and Daly, 
1992a

 Rat Effects of certain preservative agents on the course of pregnancy and fetal development in experi-
mental animals with preliminary toxicological characters. Roczn Pzh 29:469–481.

Piekacz, 1978
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on estrus cycling, pregnancy rates, or gestational length 
reported in the F

0
 generation at any dose tested� Dams were 

allowed to deliver their pups and on postnatal days (PNDs) 
0, 4, 7, 14, and 21, viability of each sex per litter, body weight, 
and clinical observations for each live pup were recorded� 
Dead pups were examined grossly for skeletal abnormalities� 
In the F

1
 generation, there were no treatment-related changes 

in clinical signs or sex ratio� Body weight gains were similar 
to controls up to PND 14, at which time the body weight 
gain in the high-dose group was significantly lower than 
control values� There was no difference in live litter size in 
the treated groups; however, the viability index (PNDs 0 to 4)  
was lower in the high-dose group (82% in the high-dose 
group compared to 90% in the control) but not significantly 
different� The weaning index (PNDs 4 post cull to 21) was 
95% to 96% in controls and all treated groups� No significant 
treatment-related changes were seen upon gross necropsy 
of either the F

0
 or F

1
 generations�

The F
1
 parental generation was randomly selected when 

the F
1
 pups (30/sex/group) were weaned and were given 

triclosan in the diet at the same concentrations and sched-
ule as the F

0
 generation until mating� No treatment-related 

clinical signs were evident in the F
1
 parental generation 

either premating or during the gestational and lactational 
phases� Significant decreases in mean body weights were 
seen in males and females in the highest dose group in the 
premating phase� Mean body weights and body weight gains 
were consistently lower in all dose groups than the control at 
various times during gestation and lactation, with significant 
decreases seen at all time points and phases in the high-dose 
group� No treatment-related effects on any reproductive 
parameter were noted in the F

1
 generation� No significant, 

treatment-related changes were seen in F
1
 parental females� 

In the F
2
 generation, neither the viability or weaning indices 

nor clinical observations and body weight were affected by 
treatment� Body weights were significantly decreased in the 
high-dose group on PND 0 but were comparable to controls 
for the remaining time periods� As with the F

0
 and F

1
 gen-

erations, no significant, treatment-related gross lesions were 
seen in the F

2
 generation upon terminal sacrifice�

2.4.2. Developmental toxicity studies
One-generation, developmental studies have been con-
ducted with triclosan in mice (Christian and Hoberman, 
1992b), rats (Denning et al�, 1992; Schroeder and Daly, 
1992a), hamsters (Piekacz, 1978), and rabbits (Schroeder 
and Daly, 1992b)� In a study in CD-1 mice, pregnant dams, 
25/group, were given triclosan in the diet on gestation days 
(GDs) 6 through 15 at concentrations resulting in doses of 
0, 10, 25, 75, or 350 mg/kg/day (Christian and Hoberman, 
1992b)� No treatment-related clinical signs were seen at any 
dose tested� Animals were euthanized and necropsied on 
day 18� There was an increase in absolute and relative liver 
weights, with a resulting increase in maternal body weights at 
75 and 350 mg/kg/day at the end of the study� There were no 
significant changes in the number of corpora lutea, implan-
tations, resorptions, or litter size at any dose� Gross necropsy 

of the dams in the 350 mg/kg/day group noted a significant 
increase in the number of mice with discoloration (tan) 
areas on the liver� In the offspring of dams given triclosan at 
doses of 75 or 350 mg/kg/day, fetal body weights were sig-
nificantly decreased and there was a significant increase in 
the incidence of irregular ossification of the skull when total 
fetuses were considered, but only significantly increased in 
the high-dose group when the litter was the experimental 
unit� When based on the litter, significant decreases in the 
litter averages for ossified forepaw and hind paw phalanges 
per fetus were considered treatment-related in the high-
dose group� These skeletal alterations were considered to be 
transient, developmental delays and related to the decreased 
fetal body weights�

Pregnant CD rats (24 to 25/group) were administered tri-
closan via oral gavage during gestation days 6 to 15 at doses 
of 0, 15, 50, or 150 mg/kg/day (Schroeder and Daly, 1992a)� 
No consistent, treatment-related maternal toxicity was seen 
at any dose tested� No effects were noted in uterine param-
eters, i�e�, number of corpora lutea, implantations, resorp-
tions, or live fetuses, at any dose tested� Delayed ossification 
of certain skeletal bones at 150 mg/kg/day was the only fetal 
observation that suggested a treatment-related effect� Similar 
findings were reported by Denning et al� (1992) who admin-
istered triclosan to Colworth Wistar rats, 30/group, at doses 
of 0, 30, 100, or 300 mg/kg/day on GDs 6 to 15� Maternal body 
weight gain was reduced in the high-dose group during the 
treatment phase but not at study termination at 21 days� No 
effects on any uterine parameters or any fetal effects were 
attributable to triclosan� In the few animals per dose group 
that were allowed to deliver their pups, there were no treat-
ment-related effects on pup survival and development�

Schroeder and Daly (1992b) conducted a developmental 
study in which Triclosan was administered to female New 
Zealand white rabbits (15–16/group) by gastric intubation at 
doses of 0, 15, 50, or 150 mg/kg/day on GDs 6 to 18� Maternal 
body weights, weight gain, and food consumption were sig-
nificantly decreased at 150 mg/kg/day� No effects on uterine 
parameters were seen at any dose nor were there any fetal 
effects reported�

One oral gavage developmental study was conducted in 
Syrian hamsters on GDs 6 to 10 at gavage doses of 0, 4, 8, 16, 
40, or 80 mg/kg/day (Piekacz, 1978)� All animals were sac-
rificed on GD 16 and necropsied� No consistent, treatment-
related effects in the dams or fetuses were reported�

In addition to effects on thyroid hormone levels, Zorrilla 
et al� (2008) investigated the effects of triclosan on andro-
genic activity in pubertal rats� In this study, groups of male 
Wistar rats (8 to 15/group) were treated with 0, 3, 30, 100, 
200, or 300 mg/kg/day triclosan by oral gavage from post-
natal days (PNDs) 23 to 53� Following exposure to triclosan, 
organ weights for left testes, left epididymis, ventral prostate, 
seminal vesicle, levator ani-bulbocavernosus muscle, left 
kidney, and left adrenal gland were not affected� The mean 
age of preputial separation was not effected in any dose 
group by treatment with triclosan� Serum testosterone lev-
els were not changed following exposure to triclosan, except 
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for a decrease at 200 mg/kg/day� Concentrations of serum 
androstenedione, luteinizing hormone (LH), and prolactin 
(PRL) were not affected in any dose group following expo-
sure to triclosan�

3. Pharmacokinetics in humans and animals

The pharmacokinetics of triclosan has been evaluated in 
animals and humans (Stierlin, 1972a, 1972b; Parkes, 1978a, 
1978b; Kanetoshi et al�, 1988; Lin, 1988, 2000; Lucker et al�, 
1990; van Dijk, 1994, 1995, 1996; Habucky, 1997a; Chasseaud 
et al�, 1999; Moss et al�, 2000)� These studies have focused on 
the kinetics of triclosan following administration by the oral 
and dermal routes of exposure, which are the expected routes 
of exposure resulting from the use of consumer products con-
taining triclosan� In these studies, the disposition of triclosan 
following oral administration of toothpaste (dental slurry), 
dentifrice formulations, capsules, and aqueous solutions was 
evaluated� Pharmacokinetics following dermal administra-
tion of triclosan to humans was also investigated due to its 
use in soaps, creams, and deodorants� Studies in multiple 
animal species (rats, mice, hamsters, dogs, and monkeys) 
have provided pharmacokinetic information following both 
single and repeated oral and dermal exposures to triclosan� 
These studies allow for comparisons of the pharmacokinetics 
of triclosan across animal species, as well as between ani-
mals and humans� Table 8 provides a comprehensive listing 
of these pharmacokinetic studies�

3.1. Absorption
3.1.1. Oral route of exposure
In humans, triclosan was readily absorbed following oral 
administration� Results from studies in which triclosan was 
administered to adults via a chalk solution (1 mg single dose or 
15 mg daily, 30 days) indicated relatively complete absorption 
based on excretion of approximately 85% of the administered 
dose in the urine (80%) or feces (5%) in the form of conju-
gated metabolites (Lucker et al�, 1990)� Maximum plasma 
concentrations were achieved 4 to 6 hours following admin-
istration� The fraction of the administered dose absorbed 
was similar following administration of 200 mg triclosan in 
capsules, with approximately 80% of the administered dose in 
the urine (71%) or feces (7%) as conjugates (Stierlin, 1972b)� 
Comparison of a subject brushing with triclosan-containing 
toothpaste with swallowing of the dental slurry (6 mg) versus 
ingestion of an aqueous solution containing 10 mg triclosan 
indicated similar absorption, based on a comparison of 
the dose normalized area under the blood concentration 
time curves (AUCs) (dentifrice 1210 ng·h/ml·mg; solution  
1123 ng·h/ml·mg) (Habucky, 1997a, 1997b)�

As would be expected, when the dentifrice was used 
as directed (not swallowed), higher blood concentrations 
were achieved with the aqueous solution (Lin, 1989a)� In 
a group of subjects (N = 9) who brushed twice daily with a 
0�2% dentifrice compared to those who ingested, 20 ml of 
an aqueous solution of 0�1% triclosan twice daily (N = 9) 
for 21 days, the mean AUC for the aqueous solution (2788 

ng·day/ml·mg) was approximately 8-fold higher than that for 
the dentifrice (328 ng·day/ml·mg)� Comparison of urinary 
excretion indicated 41% to 74% of the daily administered 
dose was recovered in the urine following administration of 
the aqueous solution and 5% to 10% following as directed 
use of the dentifrice (Lin, 1989a), which reflects the reduced 
amount available to be absorbed rather than a difference in 
the absolute absorption�

In a clinical study conducted by Lin (2000), retention in 
the oral cavity and absorption of triclosan following use of 
a mouthwash containing 0�03% triclosan was investigated� 
A group of 12 healthy male volunteers brushed their teeth 
twice daily for 30 seconds, followed by rinsing for 30 seconds 
with 15 ml of the 0�03% triclosan mouthwash for 21 days� The 
expectorated rinse was collected following morning rinsing 
on days 2, 5, 8, 15, and 22� Blood samples were also collected 
four hours following the rinses� Oral retention was estimated 
to be approximately 4% to 13%, with absorption of only 2% 
to 4% of the daily amount given, estimated based on plasma 
concentrations (Lin, 2000), which is consistent with other 
absorption studies� These studies demonstrate that when 
dental products, such as toothpaste and mouthwash, con-
taining triclosan are used as directed, the amount available 
for absorption is limited�

Bagley and Lin (2000) reported on three studies evalu-
ating plasma or blood levels of triclosan in individuals 
following exposure to triclosan containing dentifrice and 
mouth rinse products, subsequent to avoiding the use of 
triclosan containing products for 2 weeks� In the first study, 
male (N = 11) and female (N = 10) volunteers brushed their 
teeth three times per day with a 0�3% triclosan dentifrice and 
then swallowed the dentifrice (11�25 mg triclosan per day; 
an exaggerated use condition)� On days 12 to 13, the mean 
plasma triclosan concentration ranged between 252 and 
402 ng/ml, with an overall mean of 352 ng/ml� In the second 
study, plasma triclosan concentrations in male volunteers 
(N = 9) who brushed with a 0�2% triclosan dentifrice over 21 
days were compared with plasma triclosan concentrations in 
male volunteers (N = 9) who consumed an aqueous solution 
containing 0�01% triclosan (both resulting in 4 mg triclosan 
per day)� Triclosan plasma levels in individuals who brushed 
were between 15 and 21 ng/ml; those who swallowed the 
aqueous solution had plasma triclosan levels between 150 
and 174 ng/ml� In this study, steady state was achieved by 
day 7 and remained level until termination of study� In the 
third study, 71 female volunteers used dentifrice contain-
ing 0�2% triclosan twice per day for 12 weeks� Mean blood 
triclosan concentrations at 3 weeks and 12 weeks were 16 
and 14 ng/ml, respectively� Together these studies indicate 
that triclosan does not accumulate in the blood or plasma of 
humans who regularly use triclosan-containing dentifrice�

Daily use of triclosan-containing toothpaste for up to 65 
weeks did not result in increasing blood levels of total tri-
closan (Safford, 1991; Barnes, 1991a, 1991b; Fishman, 1993)� 
In each of these studies, blood levels of total triclosan rose 
from pretest levels but remained steady over the 52 to 65 
weeks of use, returning to baseline rapidly after use�
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Table 8. Pharmacokinetic studies of triclosan in humans and animals.

Subsection A/D/M/E1 Notes Species Study title/report no. Reference

Absorption (oral)

 A, M, E 2 Human Safety (tolerance) of pharmacokinetics of triclosan (TCS)—An 
expertise. Ciba-Geigy AG, Basel, Switzerland.

Lucker et al., 1990

 A  Human Exploratory study of the percutaneous absorption of GP 41 353 
in man following topical application in a cream base. Ciba-Geigy 
Limited. Report no. 34.

Stierlin, 1972b

 A, E  Human 
(adults)

A pilot study to determine triclosan plasma levels in humans 
following a single oral administration of triclosan containing prod-
ucts. Concordia Research Laboratories, Inc. HLS Study number 
97-8502.

Habucky, 1997a

 A, E  Human 
(children)

A pilot study to determine triclosan plasma levels in children 
following a single oral administration of a triclosan containing 
product. Concordia Research Laboratories, Inc. HLS study number 
97-8502A.

Habucky, 1997b

 A  Human Steady-state blood lead levels of triclosan (DP-300) following 
dentifrice and aqueous solution administration in 18 normal 
subjects (protocol number 87-01). Final report. Colgate-Palmolive 
Company.

Lin, 1989a

 A, M  Human Buccal absorption of triclosan following topical mouthrinse appli-
cation. American Journal of Dentistry 13:215–217.

Lin, 2000

 A  Human Clinical evidence for the lack of triclosan accumulation from daily 
use in dentifrices. American Journal of Dentistry 13:148–152.

Bagley and Lin, 
2000

 A 2 Human A critical assessment of the 65-week in-use human trial with tooth-
paste containing 0.2% triclosan. Environmental Safety Laboratory, 
Unilever Research. Document Reference: D91/007.

Safford, 1991

 A 2 Human Mentadent P toothpaste: Background study in man haematological 
and biochemical data. Environmental Safety Laboratory Unilever 
Research. Study number TT881017.

Barnes, 1991a

 A 2 Human Mentadent P toothpaste: Triclosan toothpaste study in man 
haematological and biochemical data. Environmental Safety 
Laboratory Unilever Research. Study number TT880669.

Barnes, 1991b

 A 2 Human Clinical effects of fluoride dentifrices on dental caries in 3,000 
adults. Colgate-Palmolive Company. Study number: 1988-5A/
DP89-001.

Fishman, 1993

 A  Hamster 14C-Triclosan: Absorption, distribution, metabolism and elimina-
tion after single/repeated oral and intravenous administration to 
hamsters. RCC Umweltchemie AG. RCC project 351707.

van Dijk, 1994

 A, D, M, E  Mouse 14C-Triclosan: Absorption, distribution, metabolism and elimina-
tion after single/repeated oral and intravenous administration to 
mice. RCC Umweltchemie AG. RCC project 337781.

van Dijk, 1995

 D, E  Rat 14C-Triclosan: Absorption, distribution, and excretion (ADE) after 
single/repeated oral and repeated oral administration to male rats. 
RCC Umweltchemie AG. RCC project 341998.

van Dijk, 1996

 A, D  Multiple Study of pharmacokinetics and metabolism in mouse, rat, rabbit 
and dog. Ciba-Geigy Limited. Report no. 33.

Stierlin, 1972a

 A, M  Monkey Irgasan DP300 oral dose kinetic study in adult rhesus monkeys. 
Ciba-Geigy Corporation.

Parkes, 1978b

Absorption (dermal)

 A  Human The absorption of CH3565 through intact human skin from soap 
solutions. Geigy Industrial Chemicals.

Schenkel and 
Furia, 1965

 A  Human Percutaneous penetration of Irgasan CH 3565 in a soap solution. Maibach, 1969

 A, E  Human Exploratory study of the percutaneous absorption of GP 41 353 
in man following topical application in a cream base. Ciba-Geigy 
Limited. Report no. 34.

Stierlin, 1972b

 A, E  Human Urinary Excretion (free and glucuronide) in man after topical 
application of CGP 433 cream. Ciba-Geigy.

Caudal et al., 
1974

 A  Human Percutaneous absorption and metabolism of Irgasan DP300. 
Toxicology 3:33–47.

Black et al., 1975

 A  Human Triclosan (Report 1): A method for determining triclosan in human 
plasma and urine, and results of a pilot handwashing study. Ciba-
Geigy Corporation.

Thompson et al., 
1975a

Table 8. continued on next page

C
ri

tic
al

 R
ev

ie
w

s 
in

 T
ox

ic
ol

og
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

A
sh

le
y 

Pu
bl

ic
at

io
ns

 L
td

 o
n 

04
/2

6/
10

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



446  J. V. Rodricks et al.

Subsection A/D/M/E1 Notes Species Study title/report no. Reference

 A, E  Human Triclosan (Report 2): Concentration in human plasma and urinary 
excretion after dermal application of GP 41353 patient skin prep. 
Ciba-Geigy Corporation.

Thompson et al., 
1975b

   Human Irgasan DP-300 hexachlorophene content of plasma samples from 
the Hill Top Research, Inc. 21 days handwashing study. Ciba-Geigy 
Corporation.

Spitzer and 
Marquardt, 1973

 A, E  Human Triclosan (Report 3): Concentration in human plasma and uri-
nary excretion after use of GP 41353 surgical scrub. Ciba-Geigy 
Corporation.

Thompson et al., 
1976

 A, E  Human Triclosan—Results to date of multiple scrub studies with GP 41353 
surgical scrub. Personal Communication to Dr. George Luka

Thompson, 1975

 A  Human skin 
(in vitro)

In vitro human skin penetration and distribution of 14C-labelled 
triclosan from a w/o emulsion. Ciba Specialty Chemicals, Inc. 
CSC/4e1/98.

Watkinson, 1998a

 A  Human skin 
(in vitro)

In vitro human skin penetration and distribution of 14C-labelled 
triclosan from a dishwashing liquid. Ciba Specialty Chemicals, Inc. 
CSC/4e2/98.

Watkinson, 1998b

 A  Human skin 
(in vitro)

In vitro human skin penetration and distribution of 14C-labelled 
triclosan from a deodorant formulation. Ciba Specialty Chemicals, 
Inc. CSC/4e3/98.

Watkinson, 1998c

 A  Human skin 
(in vitro)

In vitro human skin penetration and distribution of 14C-labelled 
triclosan from a soap solution Ciba Specialty Chemicals, Inc. 
CSC/4e4/98.

Watkinson, 1998d

 A, M  Rat and 
human skin 
(in vitro)

Percutaneous penetration and dermal metabolism of triclosan 
(2,4, 4′-trichloro-2′-hydroxydiphenyl ether). Food and Chemical 
Toxicology 38:361–370.

Moss et al., 2000

 A  Rat Percutaneous absorption of triclosan from toilet preparations 
Society of Cosmetic Chemists of Great Britain 26:205–215.

Black and Howes, 
1975

 A, E  Rat and 
Rabbit

GP 41 353: Investigations of percutaneous absorption in the rat and 
the rabbit. Ciba-Geigy Limited.

Stierlin and 
Mucke, 1976

Distribution

 D  Mouse Disposition and excretion of Irgasan DP300 and its chlorinated 
derivatives in mice. Archives of Environmental Contamination and 
Toxicology 17:637–644.

Kanetoshi et al., 
1988

 D  Mouse Toxicokinetics of triclosan. Part 1. Fate of triclosan in the Swiss-S 
mouse.

Howes et al., 
1989a

 D  Mouse Toxicokinetics of [14C] triclosan. Part 2. Fate of triclosan in the C-57 
mouse.

Howes et al., 
1989b

 D  Humans, 
Hamsters, 
and Mice

Investigation of the binding of Irgasan DP300 to human, hamster 
and mouse plasma proteins in vitro. Ciba-Geigy Limited. Final 
report no. CB95/07.

Sagelsdorff and 
Buser, 1995

Metabolism

 M  Humans Triclosan dentifrice plaque clinical study. Personal communication 
to Dr. S. J. Salva. November 15.

Lin, 1988

 M, E  Dog Final report. Concentrations of triclosan, triclosan glucuronide, and 
triclosan sulfate in dog plasma, urine and fecal samples. Hazelton 
Wisconsin, Inc. Study no. 425-015.

Hohensee and 
Berke, 1991

 M  Monkey Pilot study, single dose dermal absorption of triclosan in three days 
old rhesus monkeys, analysis of blood and soap samples. Ciba-
Geigy Corporation.

Parkes, 1978a

Excretion

 E  Human GP 41 353: Triclosan: Pharmacokinetic and metabolic studies in 
man following oral administration of the 14C-labelled preparation. 
Ciba-Geigy Limited.

Stierlin et al., 
1976

 E  Human Final report: Pharmacokinetic study of a triclosan dentifrice in 
healthy adult subjects. Hill Top Research, Ltd. HTR project no. 
97-1563-70.

Brockman, 1997b

 E  Human Pharmacokinetics of triclosan following oral ingestion in 
humans. Journal of Toxicology and Environmental Health Part A 
69:1861–1873.

Sandborgh-
Englund et al., 
2006

l E  Human A pilot study for the in vivo evaluation of the percutaneous absorp-
tion of triclosan. Arizona Clinical Research Center.

Plezia, 2002

Table 8. Continued.
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Studies to evaluate the absorption, distribution, metabo-
lism, and excretion of triclosan have been conducted in mice, 
rats, and hamsters (van Dijk, 1994, 1995, 1996)� In each of 
these studies, male and female animals were administered 
single or repeated oral doses of 2 or 200 mg/kg/day of [14C]
triclosan� Single doses of triclosan were administered via 
gavage, whereas repeated administration of triclosan was 
in the diet for 13 days, followed by a single gavage radi-
olabeled dose� Separate experiments were conducted in 
which 2 mg/kg/day triclosan was administered to each 
species intravenously as a single administration or follow-
ing 13 days administration in the diet in order to compare 
excreted radioactivity and to evaluate oral absorption� Based 
on radioactivity levels in the plasma, absorption of triclosan 
was relatively rapid and complete in all three species follow-
ing single or repeated oral exposures, with maximum plasma 
concentrations typically reached within 1 to 4 hours (van 
Dijk, 1994, 1995, 1996)� Based on urinary and fecal excretion, 
absorption was 95% to 100% in all three species following 
single or repeated administration of the low dose (2 mg/kg/
day)� In another study conducted in rats, comparison of the 
excretion of radioactivity in the urine and feces following 
oral or intravenous administration of 5 mg/kg/day triclosan 
indicated relatively complete absorption of triclosan in the 
rat (Stierlin, 1972a)�

Similar absorption was noted in monkeys given a single 
dose of 5 mg triclosan/kg by gastric intubation (Parkes, 
1978b)� The amount of triclosan absorbed was 83% to 98% 
based on the levels of triclosan or its metabolites detected in 
the urine or feces� In dogs, absorption of triclosan adminis-
tered in the form of a capsule (5 mg/kg) was also complete 
(91% to 97%), based on a comparison of urinary and fecal 
recovery following oral (capsule) and intravenous injection 
administration (Stierlin, 1972a)�

Based on these results, absorption of triclosan following 
oral administration in both humans and animal species is 
fairly rapid and complete� Differences in absorption by the 
oral route, when based on the amount available for absorp-
tion, i�e�, the amount that reaches the gastrointestinal tract, 
are similar across species� Consequently, species differences 
following oral exposure would not be expected�

3.1.2. Dermal route of exposure
Both in vivo and in vitro studies have been conducted in 
humans to evaluate the potential dermal absorption of tri-
closan following single or repeated applications of a specific 
formulation, soap, or leave-on cream (Schenkel and Furia, 
1965; Maibach, 1969; Stierlin, 1972b; Caudal et al�, 1974; 
Black et al�, 1975; Black and Howes, 1975; Thompson et al�, 
1975a, 1975b)� Many of the studies were conducted with a 
small number (n ≤ 6) of subjects; however, in general, these 
studies demonstrated that following dermal application of 
soaps and creams containing up to 52 mg of triclosan, der-
mal absorption was 9% or less of the administered amount� 
Those studies reporting absorption of up to 9% were studies 
in which the application site was occluded or left unwashed 
for a 24-hour period�

In a study conducted by Black et al� (1975), volunteers 
had their lower backs washed for 2 minutes, either once or 
six times a day for 3 days, with a soap containing 0�08% [3H]
triclosan� Pairs of full depth skin biopsies were taken 10 min-
utes and 2 and 4 days after the single wash, and 10 minutes, 
2 days, and 2 weeks after the sixth wash� Autoradiography 
was conducted of the skin samples to determine the distribu-
tion of triclosan in the skin compartment� At the 10-minute 
time point following 1 or 6 washes, the majority of the [3H]
triclosan was in the epidermis (0�058 to 0�110 μg/cm2—single 
wash or 0�104 to 0�186 μg/cm2—six washes)� Total [3H]tri-
closan detected ranged from 0�079 to 0�131 μg/cm2—single 
wash and 0�126 to 0�241 μg/cm2—multiple washes� At all 
other time points, [3H]triclosan was below the detection limit 
(0�01 μg/cm2), indicating rapid removal from the skin�

Other studies have been conducted in which multiple 
applications of triclosan in various vehicles, including soaps, 
creams, skin cleansers, or surgical scrubs were evaluated 
(Spitzer and Marquardt, 1973; Caudal et al�, 1974; Thompson, 
1975; Thompson et al�, 1976)� In a study conducted with hand 
soap, groups of volunteers (9 males and 9 females) washed 
their hands regularly with a formulation containing 0�25% or 
1% triclosan for a period of 21 days, with a 7-day withdrawal 
period (Spitzer and Marquardt, 1973)� Based on plasma 
concentrations, absorption appeared to be minimal, with 
no triclosan detected in the plasma until 10 days following 

Subsection A/D/M/E1 Notes Species Study title/report no. Reference

 E  Human Analysis of blood plasma samples for free triclosan, triclosan-glu-
curonide, triclosan sulfate and total triclosan from subjects using a 
triclosan dentifrice or a dentifrice, bar soap and deodorant. OHRI 
study no. 89-A-111.

Beiswanger and 
Touchy, 1990

 E  Human Pharmacokinetics of triclosan in rats following a single oral admin-
istration. Colgate-Palmolive Company. Research report no. 3803.

Lin and Smith, 
1990

 E  Multiple Chemical analyses of hexachlorophene (HCP), tribomsalan 
(TBS), triclosan (DP-300), triclocarbon (TCC), and cloflucarbon 
(CF3) in tissues, blood and urine of animals and humans. Colgate 
Palmolive Company.

Hong et al., 1976

Notes:
1. Indicates the subsections of the Pharmacokinetics in Humans and Animals section in which the individual studies are discussed (i.e., A = Absorption, 
D = Distribution, M = Metabolism, E = Elimination).
2. Study also listed/discussed in the Human Safety and Tolerability Studies section.

Table 8. Continued.
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initiation of exposure, and at 21 days plasma concentrations 
were less than 100 ppb� Dose dependency was observed, with 
slightly higher mean plasma concentrations reported in the 
1% group (94 ppb) compared to the 0�25% group (68 ppb) at 
21 days; however, given the sample size and variation, it is 
unlikely that these differences are statistically significant� In 
a separate study with leave-on patient skin prep containing 
5 mg of triclosan, 6% to 14% of the administered amount was 
detected in the urine (Thompson, 1975)� Following a single 
application of 5 g of a cream containing 3% triclosan, an aver-
age of 3�9% of the administered dose was absorbed, based on 
urinary excretion of the conjugated and free parent (Caudal 
et al�, 1974)�

In vitro studies have also been conducted to evaluate der-
mal penetration of formulations containing 0�2% triclosan 
including an emulsion (Watkinson, 1998a), dishwashing liq-
uid (Watkinson, 1998b), deodorant (Watkinson, 1998c), and 
a soap solution (Watkinson, 1998d)� In each of these studies, 
human skin samples were mounted in flow-through diffu-
sion cells and radiolabeled triclosan-containing formula-
tions applied to the skin surface� For the dishwashing liquid 
and soap solution applications, the skin was rinsed at 30 and 
10 minutes, respectively, following application� No rinsing 
was conducted following the deodorant or emulsion appli-
cations� Twenty-four hours following administration of all 
materials, triclosan levels on the surface of the skin, within 
the skin, and that which had passed through the skin to the 
receptor phase were determined� Triclosan that remained 
in the skin ranged from approximately 5% (soap solution) to 
10% (dishwashing soap), with that detected in the receptor 
phase ranging from 0�85% (deodorant) to 4% (emulsion) of 
the applied amount�

A comparative in vitro study conducted with rat and 
human skin indicated higher dermal penetration with rat 
skin following application of an alcohol-based solution 
containing 64�5 mM radiolabeled triclosan than through 
human skin to which the same amount was applied (Moss 
et al�, 2000)� Twenty-four hours following application, 23% 
of the administered dose had penetrated through the rat 
skin (as measured in the receptor fluid), with only 6�3% of 
the administered dose through the human skin and into the 
receptor fluid�

Animal studies have also been conducted in which con-
sumer product formulations were applied dermally and 
absorption determined (Black and Howes, 1975; Stierlin 
and Mucke, 1976)� In groups of 3 to 12 rats, a single der-
mal application of shampoo containing 0�05%, 0�1%, 0�5%, 
0�75%, 1%, or 2% [3H]triclosan was applied for 5, 10, or 20 
minutes prior to rinsing (Black and Howes, 1975)� Animals 
were placed in metabolic cages and excreta collected sepa-
rately up to 48 hours� Based on the amount of radioactivity 
excreted, the absorption of triclosan was estimated to be 
approximately 3% to 4% for all treated groups� In a separate 
experiment, the backs of a group of 6 rats were sprayed with 
an aerosol deodorant containing 0�1% [3H]triclosan (Black 
and Howes, 1975)� The average amount of triclosan applied 
was 1�45 mg of triclosan� Similar to the shampoo application, 

approximately 3�5% of the triclosan was absorbed, based on 
radioactivity measured in the excreta�

Experiments were conducted in rats and rabbits in which 
[14C]triclosan was applied to the skin of animals as a cream 
or soap solution in doses ranging from 0�4 to 0�37 mg/kg 
(Stierlin and Mucke, 1976)� The dermal absorption of tri-
closan was determined based on the excretion of radioac-
tivity in the urine or feces� In shaved rabbits washed for 3 to 
5 minutes with a soap containing 0�1% [14C]triclosan, total 
amount absorbed was approximately 2% to 4% of the admin-
istered dose� When the same soap solution was applied 
five times on 5 consecutive days, total amount absorbed 
increased to approximately 9% of the administered dose� In 
separate experiments, 30 to 300 mg of a cream containing 
3% [14C]triclosan was applied to the skin of groups of rats or 
rabbits and the application site covered with a loose plastic 
dressing� Radioactivity in the excreta was determined for 48 
hours following application� In rats, approximately 23% of 
the triclosan administered was recovered in the excreta, and 
in rabbits the proportion of the dose excreted ranged from 
29% to 48%�

Dermal studies conducted in both animals and humans 
indicated dermal absorption of triclosan to be less than that 
observed following oral administration� When applied in 
formulations typically used in consumer products, absorp-
tion was less than 10% when the products were applied 
according to recommended use (e�g�, no occlusion of the 
application site)�

3.2. Distribution
Information on the distribution of triclosan and its metab-
olites following oral administration is limited to studies 
conducted in rodents (Kanetoshi et al�, 1988; Howes et al�, 
1989a, 1989b; van Dijk, 1994, 1995)� In mice following a 
single oral dose, whole-body autoradiograms demonstrated 
that the greatest levels of radiolabeled triclosan were in 
bile at 24 hours following administration (Kanetoshi et al�, 
1988)� Levels of radioactivity in the liver represented the 
next largest fraction of administered dose, approximately 
6�5% to 8�5% of the radioactivity measured� Concentrations 
in the bile and liver remained relatively high, compared to 
other tissues, for up to 24 hours following administration of 
radiolabeled triclosan (approximately 50 mg/kg), with the 
highest activity consistently observed in the bile (approxi-
mately 75% to 85% of the radioactivity measured), indicating 
biliary excretion� Approximately 75% of the detected radio-
activity was in the bile at 6 hours post administration� Biliary 
excretion was also noted in the rat with 65% of a 5 mg/kg 
oral dose of triclosan observed in the bile at 7 to 10 hours 
following administration (Stierlin, 1972a)� In addition, in 
both species two peak plasma concentrations were noted, 
with radioactivity present in the gastrointestinal tract� These 
results indicate that bile is a significant route of excretion, 
as well as suggesting that enterohepatic recirculation is an 
important pathway in the rodent�

As discussed previously, studies to evaluate the absorp-
tion, distribution, metabolism, and excretion of triclosan 
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have been conducted in mice, rats, and hamsters (van Dijk, 
1994, 1995, 1996)� In each of these studies, male and female 
animals were administered single or repeated oral doses 
of 2 or 200 mg/kg/day [14C]triclosan� As part of these stud-
ies, tissue distribution of radioactivity was determined in 
each species� In hamsters following repeated exposure, the 
highest radioactivity levels were found in plasma, follow-
ing by the liver, kidney, and lung at 168 hours following 
administration� At all time points, plasma levels were con-
sistently higher compared to organ/tissue levels following 
repeated exposure at both the low and high doses (Table 9)� 
This suggested highly efficient elimination of triclosan and 
a lack of accumulation in any tissues� A similar pattern of 
distribution was also observed in the rat, with no evidence 
of accumulation of triclosan� In the mouse, the distribution 
of radioactivity was different, with the highest levels found 
in the liver, bile, and intestinal tract, followed by the plasma 
and the kidney� In male mice following administration of 
the high dose (both single and repeated administration), 
the amount of radioactivity measured in the liver was 
about 2 times higher than levels in the plasma (Table 9)� 
Considering that kidney levels were similar to plasma lev-
els, this suggested accumulation of triclosan in the liver of 
mice�

The potential for binding of triclosan to plasma proteins 
has been investigated in vitro in both human and mouse 
blood (Sagelsdorff and Buser, 1995)� No species differences 
were noted in plasma protein binding, with greater than 
95% bound in humans and mice� Although the majority of 
triclosan in the blood may be bound to plasma proteins, this 
represents noncovalent binding�

Information on the distribution of triclosan is limited to 
information in rodents� The available information suggests 
similar distribution patterns in the hamster and the rat, with 
no evidence of accumulation in tissues� In contrast to this, 
distribution of triclosan in the mouse is different, with evi-
dence of accumulation in the liver observed�

3.3. Metabolism
Triclosan is metabolized to parent sulfate and parent glucuro-
nide conjugates in both animals and humans� However, the 
ratio of these conjugates differs from species to species� There 
are also additional minor metabolites that are generated 

as products of phase I metabolism, which are eventually 
conjugated�

In human volunteers given triclosan orally, a significant 
first-pass effect through the liver resulted in a near total 
conversion of the parent to the glucuronide or sulfate con-
jugates� In a study in which subjects brushed twice daily 
with a triclosan-containing toothpaste (0�6% triclosan as 
the amount in toothpaste; however, the amount in the 
expectorate was not measured) followed by a placebo 
mouthwash rinse for 13 days, very little free triclosan 
was measured in plasma, whereas approximately 90% 
was present as the glucuronide conjugate and 10% as the 
sulfate conjugate (Lin, 1988)� In another study in which 
subjects rinsed twice daily with 15 ml of mouthwash con-
taining 0�03% triclosan (4�5 mg/application/day) for 21 
days (Lin, 2000), very little free triclosan was measured in 
the plasma at any time point, with approximately 77% to 
88% present in the plasma as the glucuronide conjugate 
and approximately 12% to 23% as the sulfate conjugate� 
In a study in which subjects swallowed a single oral dose 
of a chalk solution containing 1 mg triclosan, 97% of the 
triclosan detected in the plasma was in the form of the 
glucuronide conjugate, with trace amounts detected as the 
sulfate conjugate and no free parent detected (Lucker et al�, 
1990)� Triclosan levels, all forms, returned to background 
levels by day 7, which is consistent with other studies dis-
cussed above� Although the study by Lin (1988) did not 
estimate the amount of triclosan available for absorption 
(i�e�, the amount retained after brushing or rinsing and 
expectorating), the results of Lin (2000) and Lucker et al� 
(1990) are in agreement and would tend to support the 
conclusion that when the amount available for exposure 
(intake) was less than 1 mg/day, as expected with normal 
use of these products, the glucuronide conjugate was the 
main metabolite measured in the plasma�

The study by Lucker et al� (1990) demonstrated that 
at higher repeated levels of exposure (above those that 
result from the typical levels found in triclosan-containing 
products), although absorption percentage remained 
unchanged, the ratio of metabolites in the plasma differed, 
indicating that saturation of the glucuronide pathway or 
induction of the sulfation pathway may occur� In volunteers 
given 15 mg triclosan daily for 30 days, plasma levels for the 
glucuronide and sulfate metabolites or free parent, meas-
ured after the last dose of triclosan, were 36�9%, 53%, and 
0�2%, respectively, with all returning to baseline levels by 
7 day after the last dose� This increase in the fraction in the 
plasma attributed to the sulfate conjugate was not observed 
in the corresponding urinary data (see Excretion section), 
suggesting conversion of the sulfate conjugate to the glu-
curonide prior to final elimination� The metabolite profile 
for the 1 mg exposure reported by Lucker et al� (1990) was 
consistent with that reported in the Lin (2000) study in 
which dental products were used repeatedly as directed, 
not swallowed� As dose increased from 1 to 15 mg in the 
Lucker et al� (1990) study, and the amount retained for 
absorption increased, the metabolite profile in the plasma 

Table 9. Total radioactivity (μg parent equivalents/g) measured in the 
plasma, liver, and kidney following repeated administration of radiola-
beled triclosan (van Dijk, 1994, 1995, 1996).a

Species Plasma Liver Kidney

2 mg/kg

Mouse 0.008 0.017 0.017

Rat 0.168 0.044 0.087

Hamster 0.209 0.037 0.061

200 mg/kg

Mouse 1.115 2.041 0.953

Rat 2.056 1.765 1.054

Hamster 7.898 1.831 1.488
aRepeated (13×) dietary administration followed by a single oral (gavage) 
administration.
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shifted; however, the urinary profile did not, suggesting 
conversion of the sulfate conjugate to the glucuronide con-
jugate in the kidney and/or increased resorption of sulfate 
in renal tubules�

In hamsters, following repeated oral administration 
of radiolabeled triclosan at a dose of 2 or 200 mg/kg, the 
majority of the metabolites detected in the plasma were in 
the form of the glucuronide conjugates, with no free parent 
detected (van Dijk, 1994) (Table 10), similar to that observed 
in the human� The majority of the remaining triclosan was in 
the form of the sulfate conjugate or other nonparent conju-
gates� The glucuronide conjugate was also the predominant 
metabolite in the plasma of monkeys 24 hours following a 
single oral dose of 5 mg/kg triclosan (Parkes, 1978b)�

Following repeated oral exposure in the mouse (2 or 
200 mg/kg) (van Dijk, 1995), 78% to 90% of the triclosan 
detected in the plasma was in the form of the sulphate 
conjugate� The sulfate conjugate was also the predominant 
metabolite in the plasma of dogs following a 30-day oral 
administration (Hohensee and Berke, 1991)�

Studies conducted in monkeys following single or 
repeated (90-day) dermal exposure to triclosan in a 1 mg/
ml soap solution demonstrated metabolism to both the glu-
curonide and sulfate conjugates (Parkes, 1978a, 1979), with 
no free triclosan detected in the plasma� At early time points 
(1 to 2 days following administration), the glucuronide con-
jugate was predominant in the plasma; however, at later time 
points (days 3 to 90), the sulfate conjugate was predominant 
in the plasma, representing 80% to 90% of the administered 
dose by the end of the study�

An in vitro dermal study conducted with rat and human 
skin demonstrated metabolic capability of triclosan in the 
skin (Moss et al�, 2000)� Human and rat skin sections were 
mounted in flow-through diffusion cells and an alcohol-
based solution containing 64�5 mM radiolabeled triclosan 
applied� The receptor phase, that solution passing through 
the skin, was collected in hourly fractions up to 24 hours 
following administration� Both sulfate and glucuronide 
conjugates were detected in the receptor phase, with the 
glucuronide being the primary metabolite, representing up 

to 1�4% of the administered dose� This is consistent with an 
in vivo study in which 1�5% of the administered dose was 
measured as the glucuronide conjugate in the skin of rats 
following dermal application of the same alcohol-based 
solution of triclosan (Moss et al�, 2000)�

The available information on metabolism indicates that 
triclosan is metabolized mainly to glucuronide or sulfate 
metabolites� Which metabolite is the main metabolite varies 
from species to species� For most species, including humans, 
the glucuronide metabolite is measured in the highest 
amount; however, in the case of the mouse and the dog, the 
sulfate conjugate is the dominant metabolite formed�

3.4. Excretion
Following both a single dose of 1 mg or repeated multiple 
oral administration of doses of 15 mg triclosan in a dental 
slurry or 200 mg in capsules in the human (Stierlin et al�, 
1976; Lucker et al�, 1990), the predominant route of excre-
tion was in the urine (57% to 87% of the administered dose), 
with smaller amounts in the feces (5% to 33% of the admin-
istered dose)� Following dermal application of creams or 
surgical skin preparations containing triclosan, 2% to 14% 
of the applied dose was excreted in the urine and 0�2% to 
2% excreted in the feces (Stierlin, 1972b; Caudal et al�, 1974; 
Thompson et al�, 1975b)�

In the Lucker et al� (1990) study, both urinary and fecal 
triclosan metabolite levels were measured� The main uri-
nary metabolite was the glucuronide after both single and 
repeated exposures; however, the concentrations of both 
the glucuronide and sulfate metabolites in the urine were 
similar following administration of 1 or 15 mg� In contrast 
to the plasma levels, there was not a shift in the ratio of the 
metabolites in the urine with increasing dose� As discussed 
previously, the possible explanations for the different 
metabolic profile between plasma and urine in humans or 
animals included (1) conversion of sulfate to glucuronide in 
the kidney; and (2) increased resorption of sulfate in renal 
tubules�

Elimination half-lives of triclosan in the human following 
oral administration are comparable regardless of the formu-
lation used� Following single or repeated administrations of 
capsules, aqueous solutions, dental slurries, or toothpaste 
containing 1 to 15 mg of triclosan, the elimination half-life 
was estimated to be approximately 10 to 20 hours (Lucker 
et al�, 1990; Habucky, 1997a; Brockman, 1997b; Sandborgh-
Englund et al�, 2006)� In children following a single oral 
administration of an aqueous solution containing 3 mg of 
triclosan, a mean elimination half-life of approximately 13 
hours was reported (Habucky, 1997b), consistent with half-
lives reported in adults�

Elimination half-lives estimated following repeated 
dermal applications of triclosan are greater than those 
reported following repeated oral applications (Thompson, 
1975; Thompson et al�, 1976; Plezia, 2002)� In a study with 
human volunteers, individuals washed their hands six times 
a day for 15 seconds per wash for 20 days with 5 ml of a hand 
wash containing 1% triclosan (approximately 50 mg) (Plezia, 

Table 10. Comparison of plasma concentrations of triclosan and its 
metabolites following repeated administration (% of radioactivity recov-
ered) (Lucker et al., 1990a; van Dijk, 1994,b 1995c).

Species
Free 

parent
Parent 

glucuronide
Parent 
sulfate

Nonparent 
glucuronides

Other nonpar-
ent conjugates

Low concentration

Mouse ND 4.70 90.1 5.2 ND

Hamster ND 24.3 9.3 44.4 22

Human ND 77 to 88 12 to 23   

High concentration

Mouse ND 19 77.6 3.4 ND

Hamster ND 56.3 28.4 9.8 5.5

Note. ND = not detectable.
aVolunteers were given triclosan by oral (capsule) administration.
bHamsters were given triclosan by repeated (13×) dietary administration 
followed by a single oral (gavage) administration.
cMice were given triclosan by repeated (13×) dietary administration fol-
lowed by a single oral (gavage) administration.
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2002)� The mean elimination half-life was estimated to be 
approximately 1�4 days� In a separate study, subjects washed 
their hands for 2�5 minutes on 22 occasions over 8 consecu-
tive days with 5 ml of a surgical scrub formulation contain-
ing 0�5% triclosan (approximately 25 mg) (Thompson, 1975)� 
The results suggested that the apparent half-life in Caucasian 
men (n = 4; t

½
 = 1�4–2�1 days) was less than that observed in 

African American men (n = 2; t
½

 = 11�3–15�6 days)� A subse-
quent study was conducted to evaluate these potential dif-
ferences (Beiswanger and Touchy, 1990) in subjects (n = 185) 
following administration of multiple products containing 
triclosan (toothpaste, soap, and deodorant)� No metabolic 
differences were noted between African American, Asian, 
or Caucasian men�

In monkeys following a single oral administration of 
5 mg/ kg triclosan, elimination was predominantly in the urine 
as the glucuronide conjugate in 3 out of 4 animals (Parkes, 
1978b)� Urinary and fecal concentrations of sulfate and 
glucuronide conjugates were measured for 5 days following 
administration� Urinary concentrations accounted for 43% to 
61% of the administered dose, whereas fecal concentrations 
accounted for 26% to 47% of the administered dose�

As discussed previously in the dog, in the plasma the sul-
fate conjugate was reported to the predominant metabolite in 
plasma� However, the major metabolite measured in the urine 
was the glucuronide conjugate (Hohensee and Berke, 1991)�

Different excretion patterns were observed in rodent spe-
cies� In the hamster, approximately 60% to 80 % of the admin-
istered dose was eliminated in the urine following single or 
repeat oral administration of 2 or 200 mg/kg radiolabeled 
triclosan (van Dijk, 1994)� Following repeated exposure, the 
majority of that radioactivity eliminated in the urine was in 
the form of the parent glucuronide conjugate� Thirteen per-
cent to 35% of the administered dose was eliminated in the 
feces, mainly as the parent compound�

In the mouse, following similar administration of triclosan 
as that in the hamster, the majority of triclosan (48% to 73% 
of the administered dose) was excreted in the feces (van 
Dijk, 1995)� Of that in the feces, the majority of the triclosan 
measured was the unchanged parent compound following 
single or repeated oral dosing�

In rats following a single oral administration of 5 mg/
kg triclosan, approximately 80% of the administered dose 
was eliminated in the feces (Lin and Smith, 1990)� Fecal 
excretion as a major route of excretion in both the rat and 
the mouse demonstrates the potential role of biliary excre-
tion and enterohepatic recirculation in the elimination of 
triclosan� Although this may occur in humans as well, the 
contribution of this pathway to the excretion of triclosan 
does not appear to be as great, based on the limited con-
centrations of triclosan or its conjugates measured in the 
feces of humans�

Following dermal administration of triclosan formula-
tions, similar patterns to those reported following oral 
administration were noted� In rats, fecal excretion was the 
dominant route regardless of the formulation of the dose 
applied dermally (Hong et al�, 1976; Stierlin and Mucke, 1976; 

Moss et al�, 2000)� In rabbits, dermal application resulted in 
greater excretion in the urine than in the feces for both a 
cream (29% to 48% in the urine versus less than 2% in the 
feces) and an aqueous solution (47% to 53% in the urine 
versus 38% in the feces) (Stierlin and Mucke, 1976)�

Infant monkeys (n = 10) were bathed daily from birth to 
90 days of age with 15 ml of a soap solution containing 1 mg/
ml triclosan (Parkes, 1979), with urine and fecal samples col-
lected every 30 days� Elimination varied over the duration 
of the study, with slightly higher concentrations of triclosan 
noted in the urine or the feces, depending upon the time 
point of measurement� Overall, urinary concentrations 
ranged from 0�3 to 4�8 ppm (0�3 to 4�8 μg/L), whereas fecal 
concentrations ranged from 0�1 to 10�5 ppm�

3.5. Pharmacokinetic summary
In comparing the pharmacokinetics of triclosan across spe-
cies, there are distinctive differences in the metabolism and 
distribution� In the hamster, the monkey, and the human, 
the majority of the triclosan detected in the plasma is in the 
form of glucuronide conjugates (parent and/or nonparent), 
whereas in the mouse and the dog, the majority of the tri-
closan detected is in the form of the parent sulfate conjugate� 
The available information on distribution and retention of 
triclosan in rodents suggests similar distribution patterns in 
the hamster and the rat, with no evidence of accumulation 
in tissues� In contrast to this, distribution of triclosan in the 
mouse is different, with evidence of accumulation in the liver 
observed�

Comparison of excretion patterns in humans and rodents 
also demonstrates species differences� In the rat and the 
mouse, enterohepatic recirculation and biliary excretion play 
a much larger role in excretion than in the hamster or the 
human� In humans, glucuronidation of the parent and excre-
tion in the urine appears to be the preferred clearance path-
way for triclosan, resulting in limited free parent remaining 
for delivery to target organs� Although enterohepatic recircu-
lation may occur in humans as well, the contribution of this 
pathway to the excretion of triclosan does not appear to be 
significant� Differences in enterohepatic circulation between 
the mouse and the rat may also play a role in maintaining 
levels of the parent compound in the liver of the mouse, 
possibly contributing to the observed retention of triclosan 
following repeating administration in the mouse�

4. Mode of action for mouse hepatic tumors 
and the relevance to human health

The International Programme on Chemical Safety (IPCS) and 
the International Life Sciences Institute (ILSI) Risk Science 
Institute (RSI), whose activities in this regard are cospon-
sored by the US Environmental Protection Agency (USEPA) 
and Health Canada, have worked together to develop a 
framework for assessing the relevance of the MOA of tumor 
formation in experimental animals, specifically rodents, to 
humans, termed the Human Relevance Framework (HRF) 
(Cohen et al�, 2003; Meek et al�, 2003; Cohen, 2004; IPCS, 
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2005; Boobis et al�, 2006)� These efforts have produced a 
common set of guidelines that provide a consistent, rational, 
scientific basis for evaluating the means by which chemicals 
cause tumors in animals and the relevance of these tumors in 
animals to humans� The HRF can be summarized as a series 
of three critical questions, leading to a documented, logical, 
and transparent conclusion regarding the human relevance 
of the MOA underlying tumors observed in animals (IPCS, 
2005)� These fundamental questions are

Is the weight of evidence sufficient to establish the MOA 1� 
in animals?
Can human relevance of the MOA be reasonably 2� 
excluded on the basis of fundamental, qualitative dif-
ferences in key events between experimental animals 
and humans?
Can human relevance of the MOA be reasonably 3� 
excluded on the basis of quantitative differences in 
either kinetic or dynamic factors between experimental 
animals and humans?

Application of this framework requires an integration of all 
relevant data and a weight-of-evidence analysis of those 
data to (1) discern patterns of effects that may be indica-
tive of a potential MOA; (2) reconcile apparent conflicting 
data; and (3) determine the relevance of these findings 
to human health� The initial step is to postulate the MOA; 
identify the key events in the animal model, i�e�, biological, 
cellular, or molecular events; and evaluate the temporal 
and dose-dependent concordance of the chemical-specific 
data for these key events, discuss other potential MOAs, and 
describe gaps in knowledge and uncertainties� If these key 
events are considered biologically plausible in humans, then 
the key difference in kinetics and dynamics are considered� 
Application of this HRF allows for the organization, integra-
tion, and evaluation of data such that all of the pertinent data 
can be effectively used to make a determination as to the 
relevant mode of action�

Application of this HRF in several reports has resulted in 
the conclusion that was strongly suggestive as to the lack of 
human relevance of the animal MOA for some compounds 
that are rodent liver carcinogens� Holsapple et al� (2006) 
applied this framework to demonstrate that the MOA of 
phenobarbital (PB)-like P450 inducers was not relevant in 
humans, whereas Klaunig et al� (2003) applied this frame-
work to demonstrate the lack of human relevance of per-
oxisomal proliferating chemicals� The following sections 
consider the toxicity and mechanistic data for triclosan using 
this HRF framework by addressing the three questions listed 
above (IPCS, 2005) with some slight modifications (Boobis 
et al�, 2006)�

4.1. Is the weight of evidence sufficient to establish the 
mode of action in animals?
4.1.1. Postulated mode of action
Hepatic tumors are among the most commonly occur-
ring spontaneous tumors in mice and rats, and the liver is 

a frequent target of chemically induced tumors� Hepatic 
tumors in mice and rats can be induced by exogenous 
chemicals by several MOA that include mutations of the 
genome or nongenotoxic activation/deactivation of key 
genes and/or receptors (USEPA, 2005)� Activation of the 
peroxisome proliferation (PPARα) is a well-characterized, 
nongenotoxic MOA specific to rodent livers and is causally 
related to the induction of rodent liver tumors (Bentley 
et al�, 1993; Ashby et al�, 1994; Cattley et al�, 1998; Chevalier 
and Roberts, 1998; Klaunig et al�, 2003; USEPA, 2003, 2005)� 
As discussed in the following sections, the weight of the 
evidence provides support for a PPARα-mediated MOA in 
the development of hepatic tumors in mice treated with 
triclosan�

PPARα is a member of the nuclear hormone receptor 
superfamily of ligand-activated transcription factors that 
is activated by PPARα agonists (Klaunig et al�, 2003)� After 
forming a heterodimer with retinoid X-receptor (RXR) in the 
cytoplasm, the ligand/RXR complex is transported to the 
nucleus where it binds to a particular sequence within the 
promoter region on target genes at specific peroxisome pro-
liferator response elements (PPREs), resulting in changes in 
gene expression (Oliver and Roberts, 2002; Klaunig et al�, 
2003; Mandard et al�, 2004; Shaban et al�, 2005)� A well-char-
acterized set of biochemical and cellular events has been 
identified in susceptible rodent strains, which according to 
Klaunig et al� (2003) include the following: (1) PPARα acti-
vation; (2) alteration in the transcription of genes involved 
in peroxisome proliferation, cell cycle/apoptosis, and lipid 
metabolism; (3) increases in fatty acid β-oxidation leading to 
oxidative stress; (4) in some cases, i�e�, short-term exposure 
(Woods et al�, 2007), stimulation of nonparenchymal cells 
(NPCs) and inhibition of gap junction intercellular commu-
nication; and (5) increased cell proliferation and decreased 
apoptosis, leading to proliferation of DNA-damaged cells 
and resulting in hyperplasia and hepatic tumors (Cattley 
et al�, 1998; Klaunig et al�, 2003; USEPA, 2003; Cattley, 2004)� 
Production of hepatic tumors in susceptible rodent species 
is related to the degree of peroxisome proliferation and the 
data suggest that a minimum amount of peroxisomal pro-
liferation is necessary for tumor induction (Klaunig et al�, 
2003)� That is, hepatic tumors are not observed at doses at 
which peroxisomal proliferation is either not induced or 
when only low-level induction occurs�

The toxicity and mechanistic data for triclosan provide 
evidence that the putative MOA in the induction of mouse 
liver tumors was through PPARα activation� These data 
were evaluated using the HRF to assess the likelihood that 
triclosan is a PPARα agonist in the mouse� A description 
of the triclosan data for the key events, the temporal and 
dose-dependent concordance with these key events, and a 
discussion of other MOA and their possible contribution to 
the observed mouse tumors are discussed below�

4.1.2. Key events
Significant scientific advances in recent years have prompted 
the use of knowledge of the key events in a carcinogenic MOA 
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to refine and improve hazard and risk assessments (USEPA, 
2005)� Key events are defined as

“a sequence of key events and processes, starting with 
interaction of an agent with a cell, proceeding through 
operational and anatomical changes, and resulting in 
cancer formation” (USEPA, 2005)�

Klaunig et al� (2003) organized the various types of 
observations reported with PPARα agonists into a logical 
framework for the key events in the biological cascade 
from receptor activation to tumor induction, as shown in 
Table 11�

In previous sections, the toxicity and biochemical and 
morphological data for triclosan in mice, rats, and hamsters 
treated with a range of doses of triclosan for different dura-
tions were discussed� As discussed in a previous section, 
hepatic cell proliferation (as indicated by the PCNA labeling 
data) was significantly increased in male and female mice 
in a dose-related manner after both 45 or 90 days of treat-
ment at the two highest dose groups for males and females 
(350 and 900 mg/kg/day) and in males after treatment with 
200 mg/kg/day at both time points (Eldridge, 1993), but was 
not increased in male or female rats (Persohn and Molitor, 
1993) or hamsters (Persohn, 1994) given comparable doses 
of triclosan for approximately the same durations� According 
to Klaunig et al� (2003), cell proliferation is an early, tran-
sient event in PPARα activation� The correlation between 
the degree of cell proliferation and the dose of triclosan is 
discussed in the next section�

Triclosan induced significant changes in biochemical 
parameters indicative of PPARα activation in mice at doses 
as low as 50 mg/kg/day, including significant increases in 
fatty acid β-oxidation (Palmitoyl CoA oxidation), lauric acid 
11-hydroxylase, lauric acid 12-hydroxylase, and CYP4A 
(Molitor et al�, 1992)� Increases in lauric acid 12-hydroxylase 
and CYP4A were also seen in rats and hamsters but only 
at the highest dose in rats (518 mg/kg/day) (Molitor and 
Persohn, 1993) and two highest doses in hamsters (309�8 and 
799 mg/kg/day) (Thomas, 1994)� In the same studies, mor-
phological changes indicative of PPARα were seen in mice 
but not in rats and hamsters� In mice, electron microscopy 
revealed an increase in smooth endoplasmic reticulum, a 
reduction in rough endoplasmic reticulum, and an increase 
in both peroxisome numbers and size�

A comparison of the results from the biochemical data 
related to PPARα activation in the mouse, rat, and hamsters 

is provided in Figure 1� The data in Figure 1 represent a 
comparison of the highest dose tested in each assay in each 
species expressed as a percentage of increase over controls 
normalized by dose� The lack of tumors following chronic 
administration of triclosan may be explained by the weak 
PPARα response in the liver of the rat and hamster com-
pared to the mouse� Responses in male and female mice 
were similar with male mice showing a greater response� 
Therefore, the following discussions describe the results in 
male mice�

Table 12 presents the triclosan data in the key event para-
digm for the PPARα MOA� When evaluated in its entirety, the 
weight of evidence clearly shows that triclosan is a PPARα 
agonist in the mouse with limited, if any, PPARα activity in 
the rat and hamster� These studies provide evidence to char-
acterize these key events and to demonstrate that triclosan 
has PPARα agonist activity�

4.1.3. Strength and consistency of the data
4�1�3�1� Temporal and dose-response concordance� With 
triclosan, clear patterns for both temporal and dose-
 response concordance were evident across the toxicity and 
mechanistic studies in mice� The liver was the only organ 
with consistent neoplastic and non-neoplastic changes 
that were considered treatment related� As noted in Table 4, 
dose-dependent increases in liver weight (relative to body 
weight), microsomal protein, total cytochrome P450 con-
tent, lauric acid 11-, 12-hydroxylation, peroxisomal fatty 
acid β-oxidation, and CYP4A activity following 14 days of 
treatment occurred at doses as low as 50 mg/kg/day� These 
changes were transient and reversible, returning to control 
levels after a 28-day recovery period (Figures 2A, B to 7A, B) 
(Molitor et al�, 1992)� Also as noted in Table 4, proliferation 
of the smooth endoplasmic reticulum membranes and 
peroxisomal number and size increased in intensity with 
increasing dose (Thevenaz, 1987; Molitor et al�, 1992), e�g�, 
a moderate change was noted at 20 mg/kg/day, whereas 
a striking change was seen in the 900 mg/kg/day group 
(Molitor et al�, 1992)� All changes returned to pretreatment 
levels following the 28-day recovery period (Thevenaz, 
1987; Molitor et al�, 1992)� Hepatic hypertrophy in male 
mice increased in incidence and severity with increasing 
dose (Table 13)� In contrast, focal cell necrosis was identi-
fied in all studies but achieved statistical significance at a 
higher dose than the reported hypertrophy in each of the 
studies conducted (Table 13)� No clear pattern of dose- or 

Table 11. Key events in the PPARα MOA of hepatic tumors in rodents.a

Causal events Associative events

No. Event Weight of evidence No. Event Weight of evidence

1 Activation of PPARα Strong 2a Expression of peroxisomal genes Strong

3b Increased cell proliferation/decreased apoptosis Strong 2b Altered expression of cell cycle growth Weak

7 Selective clonal expansion Strong 2c Nonperoxisome lipid gene expression Strong

   3a Peroxisomal proliferation Strong

   5 Hepatocyte oxidative stress Weak

 6 Kupffer cell–mediated events Medium
aAdopted from Klaunig et al. (2003); the numbers in parenthesis refer to Table 12 in Klaunig et al. (2003), which lists the key events for the PPARα MOA 
in rodent liver carcinogenesis.
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duration-related increases in severity was noted with the 
necrosis incidence�

Temporal patterns were evident as well� Signs of hepatic 
hypertrophy were seen after only 14 days of treatment 
(Molitor et al�, 1992)� The incidence and severity increased 
not only with increasing dose but also with increasing dura-
tion of exposure (Thevenaz, 1987; Trutter, 1993; Auletta, 
1995)� All of the key events tested preceded the formation of 
hepatic tumors in male and female mice (Auletta, 1995)� A 
significant increase in hypertrophy was seen at 10 mg/kg/day 
in males in the 78-week study (Auletta, 1995); however, the 
incidence of hepatic tumors was not significantly increased 
at that dose but was increased at the next highest dose, 
30 mg/kg/day�
4�1�3�2� Differences in species� Some PPARα agonists have 
produced hepatic tumors in mice and rats, whereas oth-
ers have produced tumors in only one species (Table 14)� 
Differences in response between rats and mice have been 
attributed to toxicokinetic differences, i�e�, differences 
in metabolism to the active component or differences in 
elimination (Klaunig et al�, 2003)� Triclosan produced an 
increase in the incidence of hepatic adenomas and carci-
nomas in mice but not in rats or hamsters� In the case of 
some PPARα agonists, such as cinnamyl anthranilate or 

trichloroethylene, the species difference is explained by a 
difference in metabolism to the active compound (Lake, 
1995a)� With triclosan, rats did show signs of PPARα acti-
vation, e�g�, significant increases in some parameters that 
reflect some of the key events, but the magnitude of the 
changes normalized by dose was lower than in the mouse� 
The species difference may be due to a less responsive 
PPARα in the rat; however, differences in toxicokinetics 
provide the likely explanation for the lack of liver tumors 
in rats� Although mice and rats exhibit similar absorption 
and metabolism patterns, distribution and elimination are 
quite different� Triclosan was reported to accumulate in 
the liver in mice (van Dijk, 1995), resulting in higher tissue 
concentrations in the liver than in plasma, which was not 
observed in rats (van Dijk, 1996)� This differential distribu-
tion and retention results in a larger effective target tissue 
dose of triclosan in the mouse compared to the rat and is 
the likely explanation for the species differences in PPARα 
activity and subsequent tumor formation�
4�1�3�3� Concordance with other PPARα agonists� The bio-
chemical and mechanistic data for triclosan are consistent 
with the results of a number of studies for chemicals identi-
fied as PPARα agonists (Klaunig et al�, 2003)� Each of these 
compounds has been tested in a variety of assays in mice and 

Figure 1. A comparison of biochemical data related to PPARα activation in the mouse, rat, and hamster expressed as a percentage increase over control 
per mg/kg/day.
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the data are provided in Table 15� Each type of test conducted 
was assigned to one of the key events listed in Table 11 based 
on the scheme by Klaunig et al� (2003) and sources in the gen-
eral literature� Placing different studies that essentially evalu-
ated the same key event in the PPARα MOA into a “category” 
allowed for a comparison across chemicals in each of these 
MOA-based key events� When compared to both data-rich 
chemicals, such as di(2-ethylhexyl)phthalate (DEHP), and 
to data-poor chemicals, such as oxidiazone, triclosan has a 
sufficient database illustrating that the results of biochemical, 
mechanistic, and toxicological studies provide clear evidence 
that triclosan is a PPARα agonist�

4.1.4. Alternative modes of action
4�1�4�1� Consideration of a mutagenic or genotoxic mode 
of action� As detailed previously, the genotoxic potential of 
triclosan has been evaluated in a battery of 24 experiments 
using in vitro and in vivo assays designed to evaluate the full 
range of potential genotoxic mechanisms in prokaryotic and 
eukaryotic systems� The consistency of the negative findings 
from the comprehensive set of studies indicates that neither 
triclosan nor its metabolites are genotoxic� Accordingly, the 
overall weight of evidence from these experiments suggests 
that a genotoxic MOA is not responsible for triclosan-in-
duced mouse liver tumors�

Figure 2. Relative liver weight. Data from Molitor et al. (1992). ***p < .001.
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Table 12. Analysis of triclosan-induced mouse liver tumors.a

Causal events Associative events

No. Event Triclosan evidence Key reference No. Event Triclosan evidence Key reference

1 Activation of PPARα No direct data — 2a PPARα-dependent 
regulation of genes 
encoding for  
peroxisomal enzymes

In vivo increases in 
CYP3A and CYP4A, 
increased selected 
testosterone hydroxyla-
tion, and lauric acid 11-, 
12-hydroxylation

Molitor et al., 1992

3b Perturbation of cell 
proliferation and/or 
apoptosis

Dose-dependent increases 
in PNCA labeling index 
following 45 and 90 days of 
treatment

Eldridge, 1993; 
Trutter, 1993

2b PPARα-dependent 
expression of cell cycle 
growth and apoptosis

No direct data —

7 Selective clonal 
expansion

Promoted hepatic adeno-
mas and carcinomas in 
mice

Auletta, 1995 2c PPARα-dependent 
expression of nonper-
oxisomal fatty acid 
metabolism genes

Dose-related increases 
in cyanide-independent 
palmitoyl CoA oxidation

Molitor et al., 1992

 3a Peroxisome 
proliferation

Hypertrophy due 
to increase in 
number and size of 
peroxisomes;increase 
in smooth endoplasmic 
reticulum

Thevenaz, 1987; 
 Molitor et al., 1992; 
Trutter, 1993; 
Auletta, 1995

 5 Hepatocyte oxidative 
stress

Dose-related increases 
in lipofuscin in region of 
Kupffer cells

Trutter, 1993

 6 Kupffer cell-mediated 
events

Kupffer-cell activation 
present

Eldridge, 1993; 
Trutter, 1993

aAdopted from Klaunig et al. (2003); the numbers in parenthesis refer to Table 12 in Klaunig et al. (2003), which lists the key events for the PPARα MOA 
in rodent liver carcinogenesis.
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4�1�4�2� Consideration of a cytotoxic mode of action� 
Chemically induced cytotoxicity is another nongenotoxic 
MOA leading to the formation of tumors in rats and mice 
(Holsapple et al�, 2006)� This MOA has generally been 
accepted for a number of nongenotoxic rodent carcinogens, 
including renal and hepatic tumors induced by chloroform 
and bladder tumors induced by melamine (Holsapple et al�, 
2006)� The MOA for a cytotoxic agent would be through the 
production of continual hepatic cell death (necrosis), result-
ing in restorative hyperplasia during which initiated cells, 
i�e�, hepatocytes with mutations in DNA, proliferate, yielding 
preneoplastic foci and leading to tumors due to further clonal 
expansion (Holsapple et al�, 2006)� Importantly, significant 
increases in necrosis would need to proceed both in time and 
in dose before the appearance of hepatic tumors�

The key noncancer findings in mice were induc-
tion of dose- and time-related increases in centrilobular 

hepatocellular hypertrophy, Kupffer cell activation, and 
necrosis� Table 13 provides a summary of the incidence of 
these findings� There is a good correlation between the inci-
dence of hypertrophy and Kupffer cell activation and liver 
tumor formation in male rats� After 13 weeks of treatment, 
the incidence of hepatocellular hypertrophy and Kupffer cell 
activation was significantly increased at doses of 75 mg/kg/
day and above, whereas necrosis, when present, was signifi-
cantly increased at doses of 350 mg/kg/day and higher� After 
78 weeks, the incidence of hypertrophy was significantly 
increased at doses of 10 mg/kg/day, which was below the 
dose at which hepatic tumors were significantly increased, 
and Kupffer cell activation was significantly elevated at doses 
of 30 mg/kg/day, the lowest dose at which liver tumors were 
seen in male mice� In contrast, the incidence of necrosis was 
only significantly increased in the two highest dose groups, 
100 and 200 mg/kg/day�
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Figure 3. Microsomal protein. Data from Molitor et al. (1992). *p < .05; **p < .01; ***p < .001.
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Figure 4. Cytochrome P450. Data from Molitor et al. (1992). *p < .05; **p < .01; ***p < .001.
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Hepatocellular hypertrophy and Kupffer cell activation 
showed dose- and time-related patterns, as indicated by the 
following: (1) the incidence of the number of animals with 
hypertrophy increased as the duration of exposure increased; 
and (2) as the dose increased the severity increased as 
well (Table 13)� Centrilobular hypertrophy was consistent 
with responses to peroxisome-proliferating compounds—
increased induction of smooth endoplasmic reticulum 
membranes and an increase in the size and number of per-
oxisomes (Thevenaz, 1987; Molitor et al�, 1992; Trutter, 1993) 
and increased relative and absolute liver weights, rather than 
non–PPARα-associated cytotoxicity�

The incidence of necrosis did not show the same pattern 
of increasing incidence with increasing exposure duration 
or an increase in severity with increasing dose� When the 
incidence of necrosis and hypertrophy was compared 
across studies and dose groups, necrosis was consistently 
reported at higher doses than those at which hypertrophy 

and tumor formation was reported� An increase in tumors 
was seen at lower doses than those at which an increase in 
necrosis was seen� Further, regression analyses using the 
individual animal data from the Eldridge study (Eldridge, 
1993) showed that there was a significant correlation 
between dose and labeling indices, but the sex of the 
mice and the incidence or severity of necrosis were not 
correlated with the labeling indices� Cell proliferation was 
significantly correlated with increasing triclosan dose but 
necrosis was not�

Kupffer cell activation can be in response to a cytotoxic 
MOA other than the result of peroxisomal proliferation; 
therefore, Kupffer cell activation was considered in the 
context of the MOA for PPARα compounds to assess if that 
activation was mediated by PPARα activation or another 
MOA� It is generally accepted that PPARα activation is the 
key initiating event in hepatocellular proliferation and in 
the development of liver tumors in rats and mice of PPARα 
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Figure 7. Fatty acid β-oxidation. Data from Molitor et al. (1992). *p < .05; **p < .01; ***p < .001.
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agonists (Klaunig et al�, 2003)� It is also generally accepted 
that the sequence of key events in the production of rodent 
liver tumors by PPARα agonists involves a combination of 
molecular signals and multiple pathways (Rusyn et al�, 2006)� 
In the hepatocyte, it is likely that oxidants, resulting from 
the action of peroxide generating enzymes, such as fatty acyl 
CoA oxidase (Li et al�, 2000), play a role in signaling hepato-
cellular proliferation following exposure to PPARα agonists 
by activation of a transcription factor, nuclear factor kappa 
B (NF-κB), and an increase in mitogenic cytokines (Klaunig 
et al�, 2003; Rusyn et al�, 2006)� The proposed hypothesis for 
this interaction was adapted from a number of publications 
(Klaunig et al�, 2003; Rusyn et al�, 2006; Roberts et al�, 2007) 
and is given in Figure 8� The activation of NF-κB by peroxi-
somal proliferating compounds is species specific, that is, 
activated in mice and rats but not in hamsters (Tharappel 
et al�, 2001)�

One pathway of cell signaling in the Kupffer cell is also 
thought to be through the production of superoxide due to 
activation of protein kinase C and NAPDH oxidase with the 
increase in the transcription factor NF-κB and release of 
cytokines (Rose et al�, 1999; Klaunig et al�, 2003; Rusyn et al�, 
2006; Roberts et al�, 2007)� Kupffer cells have been implicated 
in the proliferation of hepatocytes in response to PPARα 
compounds (Klaunig et al�, 2003; Rusyn et al�, 2006)� Kupffer 
cells were shown to be activated by treatment with PPARα 
agonists in vivo (Bojes and Thurman, 1996)� Peroxisomal 
proliferating compounds may act indirectly on the Kupffer 
cell, that is, reactive oxygen species (ROS) in the hepatocyte 
(see Figure 8) may apply oxidative stress to the Kupffer cell, 
resulting in the induction of NF-κB and cytokine release 
(Klaunig et al�, 2003)� WY-14,643 produced an increase in 
superoxide production in isolated Kupffer cells (Rose et al�, 
1999), suggesting that peroxisome proliferating compounds 
could act directly on the Kupffer cell (dotted line on Figure 8), 
resulting in a NADPH oxidase–dependent activation of 
KF-κB (Rusyn et al�, 2000a, 2000b)�

Further research has demonstrated that production 
of superoxide in wild-type mice or in p47phox mice that 
lack the ability to activate NADPH oxide still showed an 
increase when cultured with a peroxisome-proliferating 
compound (Rusyn et al�, 2004)� This study concluded that 
the oxidants were generated by enzymes inducted after 
PPARα activation, such as those involved in lipid metabo-
lism in peroxisomes and not by NADPH oxidase activation 
in Kupffer cells� It is not clear exactly how such activation 
occurs upstream of NADPH oxidase, but no increase in 
hepatic Brdu labeling index was detected in PPARα-null 
mice fed WY-14,643, which suggests that the effects of 
peroxisome proliferators on DNA synthesis in rodents 
was mediated by PPARα and not the Kupffer cell� This is 
consistent with the observation that Kupffer cells do not 
express the PPARα (Peters et al�, 2000)� Further, Roberts 
et al� (2007) reported that hepatocytes from PPARα-null 
mice were unable to express the peroxisomal prolifera-
tive response, and that response was not conferred when 
wild-type Kupffer cells were added, but Kupffer cells from 
PPARα-null mice were able to confer a response to per-
oxisome proliferators in wild-type hepatocytes contain-
ing PPARα� Roberts et al� (2007) concluded that having 
the PPARα on the Kupffer cell was not necessary, and 
stated that PPARα was required for “the sustained acti-
vation of peroxisome proliferators-induced molecular 
processes that ultimately result in liver tumors and that 
Kupffer cell–mediated events play a role only in early 
stages of that response�” Woods et al� (2007) suggested 
that stimulation of Kupffer cells was involved in hepato-
cyte cell proliferation and oxidative stress in response to 
WY-14,643 in the rodent liver as an acute response, but not 
part of sustained, long-term effects� In their investigation, 
Woods et al� (2007) found that after 5 months of treatment, 
PPARα-null mice fed WY-14,643 exhibited no signs of per-
oxisomal proliferation, whereas wild-type mice and p47phox, 
which are mice deficient in NADPH oxidase, exhibited the 
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typical peroxisome proliferative responses in the liver, with 
increases in cell proliferation and signs of oxidative stress 
that were independent of a Kupffer cell–mediated NADPH 
involvement�

Three isoforms of PPARs have been cloned to date: α, 
β, and γ� Significant cross-talk between different forms of 
PPARs and other transcription factors exist (Shipley and 
Waxman, 2004)� Activation of other isoforms by peroxisome 
proliferators, particularly the γ-isoform, has been reported 
(Hurst and Waxman, 2003; Bility et al�, 2004)� Kupffer cells 

do, however, have functioning PPARγ receptors (Rusyn et al�, 
2000a, 2000b)� Hence, the dotted line on Figure 8� Although 
the exact mechanism of the interaction between Kupffer 
cells and hepatocytes is unclear, Klaunig et al� (2003) stated 
that the data suggest that Kupffer cell activation may be 
involved but not sufficient for the response to PPARα ago-
nists� According to Roberts et al� (2007),

“Overall, these data support a role for Kupffer cells in 
facilitating a response of hepatocytes to peroxisome 

Table 13. Incidence of noncancer liver effects in male mice.

Duration 
(weeks) Effect Severity

Mice/
group

Dose (mg/kg/day)a

Reference0 6.48 10 25 30 75 100 136 200 350 750 900

4 Hypertrophy  5 0 0      5     Thevenaz, 1987

Necrosis  5 0 0      5     

13 Hypertrophy 1  2   6  7   1 0 0 0 Trutter, 1993

2  1   0  5   11 9 0 0

3  0   0  0   1 5 9 2

4  0   0  0   0 1 6 11

Total 15 3   6  12   13 15 15 15
Necrosis 1  0   0  1   3 5 2 1

2  0   0  0   2 3 3 2

3  0   0  0   0 2 2 1

4  0   0  0   0 0 0 5

Total 15 0   0  0   5 10 7 9
Kupffer cell 1  0   0  5   11 14 10 4

2  0   0  0   2 1 5 8

3  0   0  0   0 0 0 1

4  0   0  0   0 0 0 0

Total 15 0   0  5   13 15 15 13
26 Hypertrophy 1  0  0  0  0  0    Auletta, 1995

2  0  6  8  2  0    

3  0  1  9  7  2    

4  0  0  0  11  18    

Total 20 0  7  17  20  20    

Necrosis 1  6  1  5  14  12    

2  0  0  0  2  7    

3  0  0  0  1  0    

Total 20 6  1  5  17  19    

Kupffer cell 1  0  0  0  11  12    

2  0  0  0  5  6    

3  0  0  0  0  1    

Total 20 0  0  0  16  19    

78 Hypertrophy 1  0  0  0  0  0    Auletta, 1995

2  0  5  10  13  2    

3  0  3  6  22  19    

Total 50 0  8  16  35  21    

Necrosis 1  0  1  1  1  0    

2  3  3  1  5  5    

3  1  2  3  6  5    

4  0  0  0        

Total 50 4  6  5  12  14    

Kupffer cell 1  0  0  1  1  1    

2  2  4  5  17  14    

3  0  1  3  21  23    

4  0  0  0  0  1    

Total 50 2  5  9  39  36    
aDoses in bold type are statistically significantly increased over respective controls.
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Table 14. Summary of hepatocarcinogenicity potential of some PPARα 
agonists in rats and mice (Klaunig et al., 2003).

Chemical

Rat Mouse

Male Female Male Female

Aciflurofen − − + +

Bezafibrate +    

BR931 +   +

Chlorinated paraffins (C
12

) + + + +

Cinnamyl anthranilate − − + +

Ciprofibrate +  +  

Clobuzarit (ICI-55897) −  +  

Clofibrate + + − −

Dichloroacetic acid (DCA)   +  

2,4-Dichlorophenoxyacetic acid (2,4-D)   + +

Diclofop-methyl + + + +

Di(2-ethylhexyl)adipate (DEHA) − − + +

Di(2-ethylhexyl)phthalate (DEHP) + + + +

Diisononyl phthalate (DINP) + + + +

2-Ethylhexanol − − − +

Gemfibrozil + + − −

Haloxyfop − − − +

HCFC-123 + +   

Lactofen − − + +

LY 171883    +

Methylclofenapate + +   

Nafenopin +  + +

Oxadiazon + − + +

Perchloroethylene (PCE) − − + +

Perfluorooctanoic acid (PFOA) +    

Tribic acid +    

Trichloroacetic acid (TCA)   +  

Trichloroethylene (TCE) − − + +

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) + + + +

WY-14,643 +  +  

proliferators via a mechanism that remains to be deter-
mined but is ultimately dependent on the presence of 
PPARα (receptors) in the hepatocyte but not in the non-
parenchymal liver (Kupffer) cell population�”

Taken together, the data indicate that the response in Kupffer 
cells and any contribution that may have had to tumor forma-
tion is a result of a peroxisomal proliferative MOA and not a 
cytotoxic MOA acting independently of PPARα activation�
4�1�4�3� Consideration of other receptor-mediated modes 
of action� Phenobarbital (PB)-like compounds are another 
group of receptor-mediated, nongenotoxic carcinogens in 
rodents (Oliver and Roberts, 2002)� Phenobarbital-like com-
pounds are ligands for the constitutive androstane receptor 
(CAR), also a member of a nuclear hormone receptor super 
family that also forms a heterodimer with RXR� These com-
plexes bind to a particular sequence within the promoter 
region on target genes at a specific PB-response element 
(PBREM) (Oliver and Roberts, 2002)�

Dioxins are a third receptor-mediated, nongenotoxic 
group of chemicals that bind to the aryl hydrocarbon receptor 
(AhR), which dimerizes with aryl hydrocarbon nuclear trans-
locator (Arnt) protein, and then binds specific sequences on 
target genes at the dioxin- or xenobiotic-response elements 

(DREs/XREs) (Oliver and Roberts, 2002)� These additional 
receptor-mediated, nongenotoxic mechanisms, along with 
PPARα activation, are key processes by which hepatic tumors 
are produced in rodent livers by nongenotoxic MOA (Oliver 
and Roberts, 2002)�

Induction of specific cytochrome P450 (CYP) enzymes 
have been used as markers to distinguish activation among 
the major nuclear receptor families involved in nongeno-
toxic MOA (Oliver and Roberts, 2002)� Each of the major 
families of P450 enzymes has recognized endogenous and 
xenobiotic substrates and each family responds to selected 
inducers (Table 16) (Omiecinski et al�, 1999)�

Activation of CYP1A1/2 by polyaromatic hydrocarbons 
(PAHs), such as 3-methylcholanthene (3-MC), has been 
assumed to reflect interaction with the AhR characteristic 
of dioxin-like compounds with ethoxresorufin O-deethylase 
(EROD) as the model enzyme assay� Activation of the 
CYP2B family has been assumed to reflect PB-like activity 
and interaction with the CAR receptor with pentoxyresoru-
fin O-depentylase (PROD) as the model enzyme assay� 
Activation of the CYP4A family has been assumed to be 
characteristic of PPARα activation�

Many chemicals have been characterized as to their MOA 
in rodent liver tumors on the basis of the P450 enzymes 
induced� However, as should be expected of complex bio-
logical systems, strict demarcation of enzymatic activity is 
not found� Induction of P450 enzymes and the consequen-
tial activation of associated enzyme systems may be clearly 
defined for some chemicals, but for some receptors “cross-
talk” is apparent (Zangar et al�, 1995, 1996; Shaban et al�, 
2004a, 2004b, 2005)� That is, when substances can activate 
two different receptors, there may be an interaction or “cross-
talk” between the two receptors� The presence of mutual 
effects between AhR and PPARα, i�e�, down-regulation of 
target genes of one of these receptors due to stimulation by 
the other receptor has been demonstrated (Shaban et al�, 
2004a, 2004b)� Hanioka (1996) demonstrated that triclosan 
significantly inhibited EROD and PROD activities in rat liver 
microsomes exposed to 3-MC and PB, respectively� These 
data demonstrated that a weight-of-evidence analysis should 
be applied in the determination of a MOA in rodent hepato-
carcinogenesis rather than on the basis of one biochemical 
endpoint (e�g�, enzyme induction) considered in isolation�

In addition to investigating the effects of triclosan on clas-
sic indicators of the key events in PPARα-induced hepatic 
tumors in mice, rats, or hamsters, the effects of triclosan 
on microsomal EROD and PROD activities were evalu-
ated in the same 14-day studies investigating the cellular 
and biochemical effects of triclosan in the mouse (Molitor 
et al�, 1992), rat (Molitor and Persohn, 1993), and hamster 
(Thomas, 1994)� Administration of triclosan in the diet 
resulted in an increase in PROD activity in all three species 
(Figure 9)� PROD induction was significantly increased in 
all dose groups in the mouse and in the two highest dose 
groups in the rat and hamster� EROD was also significantly 
increased in all dose groups in the mouse and in the two 
highest dose groups in the hamster (Figure 10)� However, 
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the magnitude of the induction was considerably less 
than that for PROD (2�5- versus 5-fold induction of EROD 
and PROD, respectively, in the hamster; 5- versus 24-fold 
induction in the mouse)� In the rat, EROD was significantly 
decreased compared to controls but the magnitude of that 
inhibition was not dose related� Induction of PROD by tri-
closan is suggestive of a PB-type MOA in the production of 
hepatic tumors in the mouse and was considered here in a 
weight-of-evidence analysis, as discussed in the following 
paragraphs�
4�1�4�4� Classic PPARα agonists induce CYP2B1/2� A number 
of PPARα agonists induce CYP2B1/2, as measured directly by 
P450 protein content, or indirectly by measuring associated 
enzyme activity� Both CYP2B1 and CYP2B2 were significantly 
induced in rats after 3 days of treatment with clofibrate at 
300 mg/kg/day (Shaban et al�, 2005)� Ciprofibrate signifi-
cantly induced CYP2B in rats following a single injection 
of 20 mg (Zangar et al�, 1996), and produced a significant 
increase in CYP2B in primary rat hepatocytes at a concen-
tration as low as 0�03 mM (Zangar et al�, 1995)� Cinnamyl 
anthranilate and di(2-ethylhexyl)phthalate (DEHP) signifi-
cantly induced CYP2B1/2 in both male and female rats fed 
the compound in the diet for 7 or 28 days at a dose of 3 mg/
kg/day or 90 days at doses of 1�2 mg/kg/day (Elcombe et al�, 
2002)� Clofibrate significantly induced CYP2B following a 

single intraperitoneal dose of 20 mg/kg/day (Zangar et al�, 
1996)� Benzphetamine N-demethylase, another enzyme 
marker for CYP2B, was significantly increased following a 
14-day diet containing ciprofibrate at a dose of 20 mg/kg/
day (Makowska et al�, 1990)� Clofibrate, ciprofibrate, and 
DEHP produced liver tumors in both rats and mice, whereas 
cinnamyl anthranilate produced liver tumors in mice only 
(Klaunig et al�, 2003)�

Alterations in key enzymes associated with CYP1A have 
also been reported for classic PPARα agonists� Clofibrate 
administration to rats at a dose of 500 mg/kg/day for 90 
days resulted in a significant increase in ethoxycoumarin 
O-deethylase (ECOD) activity (Lake et al�, 1984)� DEHP and 
clofibrate also induced a significant increase in ECOD activ-
ity in male rats given 1000 or 500 mg/kg/day, respectively, 
for 14 days (Lake et al�, 1984)� Diclofop-methyl significantly 
increased PROD activity in rats after 4 days of treatment at 
11 mg/kg/day (Palut et al�, 2002)� Nafenopin induced an 
increase in both EROD and PROD activities in mice (Molitor 
et al�, 1992) and hamsters (Thomas, 1994) given diets con-
taining 50 or 250 mg/kg/day, respectively�
4�1�4�5� Triclosan induction is comparable to the classic 
PPARα agonist, nafenopin� Triclosan, PB, 3-MC, and nafeno-
pin were tested in parallel with mice (Molitor et al�, 1992) 
and hamsters (Thomas, 1994)� As an estimate of comparative 

Table 15. Chemicals associated with specific PPARα key events in male and/or female mice.

Chemicals 1 2a 2b 2c 3a 3b 4 5 6 7a 7b

Triclosan  X  X X X  X X X  

Bezafibrate

BR931          Xa  

Cinnamyl anthranilate  X  X X X    Xa  

Ciprofibrate  X  X X X    Xa  

Clobuzarit (ICI-55897)  X   X     Xa  

Clofibrate Xa X   X  Xa    Xa

Dichloroacetic acid (DCA)  X   X X    Xa  

2,4-Dichlorophenoxyacetic acid (2,4-D)  X   X     Xa  

Diclofop-methyl  X   X X    Xa  

Di(2-ethylhexyl)adipate (DEHA)  X  X X X  X  Xa  

Di(2-ethylhexyl)phthalate (DEHP)  X   X X Xa X  Xa Xa

Diisononyl phthalate (DINP) X X  X X X X X  Xa  

2-Ethylhexanol  X   X     Xa  

Gemfibrozil     X   X    

Haloxyfop  X   X     Xa  

HCFC-123

Lactofen  X   X   X  Xa  

LY 171883  X        Xa  

methylclofenapate     X X Xa     

Nafenopin  X   X  Xa X  Xa  

Oxadiazon  X   X     Xa  

Perfluorooctanoic (PFOA)  X   X       

Tibric acid     X       

Trichloroacetic acid (TCA)  X   X X Xa   Xa  

2,4,5-Trichlorophenoxyacetic acid (2,4,5-T)  X   X     Xa  

WY-14,643 X X   X X Xa   Xa  

1 = Activation of PPARα; 2a = expression of peroxisomal genes; 2b = PPARα-mediated expression of cell cycle, growth, and apoptosis; 2c = nonperoxisome 
lipid gene expression; 3a = peroxisome proliferation; 3b = perturbation of cell proliferation and/or apoptosis; 4 = inhibition of GJIC; 5 = hepatocyte oxida-
tive stress; 6 = Kupffer cell–mediated events; 7a = positive liver tumor bioassay; 7b = clonal expansion of initiated cells.
aReported in Klaunig et al. (2003).
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Table 16. Selected cytochrome P450 families, substrates, and inducers.a

Cytochrome P450 endogenous substrates Xenobiotic substrates metabolized Inducers

CYP1A: Testosterone 6β-, 6α-hydroxylation 7-Ethoxycoumarin, 7-ethoxyresorufin 3-Methylcholanthene, TCDD

CYT2B: Testosterone 6β-, 16α-hydroxylation Pentoxyresorufin, benzyloxyresorufin Phenobarbital

CYP3A: Testosterone 6β- (major), 6α-, 18-, 16β-, 
15β-hydroxylase; androstenedione

chlorpromazine, clozapine, lidocane, tamoxifen, 
verapamil

Phenobarbital, rifampin, PPARα agonists  
(e.g., ciprofibrate, phthalate esters, WY-14,643)

CYP4A: fatty acid β-oxidation; ω-hydroxylation Lauric acid 11-, 12-hydroxylation PPARα agonists (e.g., ciprofibrate, phthalate 
esters, WY-14,643)

aAdopted from Omiecinski et al. (1999).

inductive potential, relative induction values were expressed 
as the percentage increase over control values per mg/kg/
day administered dose and termed the induction score, as 
illustrated in Figures 9 and 10� The magnitude of the induc-
tion of PROD, indicative of CYP2B induction, by triclosan 
was equivalent in mice and rats (2�5 versus 2�2, under the 
assumption that induction of PROD by PB is of the same or 
similar magnitude in rats as in mice) and similar to the induc-
tion score for nafenopin (3�3) in mice� This clearly indicates 
that the induction of PROD by triclosan is no greater than 
that seen with a classic PPARα agonist� The PROD induc-
tion score in mice for 3-MC (3�3), a strong CYP1A inducer, 
was comparable to triclosan and nafenopin� In contrast, in 
mice the induction score for PB was 15 times higher than 
for triclosan, nafenopin, or 3-MC� This illustrates that some 
cross-induction can occur even when the primary MOA in 
rodent hepatic tumors is by way of activation of a different 
receptor-mediated cascade (the AhR or PPARα agonist) 
than that associated with phenobarbital-type induction 
(the CAR)� In the hamster, all PROD induction scores for all 
four compounds were less than 1, as would be expected in a 

species particularly refractory to the production of hepatic 
tumors�

4.1.5. Conclusion
Triclosan has been tested in mice in subacute, subchronic, 
and chronic toxicity studies� The results of these studies 
are consistent� The data in these studies provide evidence 
for key elements in the MOA for PPARα-induced tumors 
in mice and show dose-dependent changes that are con-
cordant and consistent with this proposed MOA� Triclosan 
induced gene expression of a PPARα-specific target genes, 
resulting in the induction of CYP4A and the subsequent 
induction of lauric acid 11-,12-hydroxlyase� Fatty acid 
β-oxidation, a characteristic of PPARα activation, was also 
significantly increased following treatment with triclosan� 
Peroxisomes were increased in size and number along with 
an increase in smooth endoplasmic epithelium leading to 
hypertrophy� Significant increases in cell proliferation rates 
that were correlated with dose and both hepatic adenomas 
and carcinomas were significantly increased in male and 
female mice�

Figure 8. Proposed mode of action for triclosan: potential pathways.
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4.2. Are key events in the animal MOA plausible in 
humans?
A human PPARα gene located on human chromosome 22 
was cloned by Sher et al� (1993)� It spans 83�7 kb and is com-
posed of eight exons� The position of introns is similar to 
that seen in the mouse gene (Gearing et al�, 1994)� However, 
expression of PPARα in human liver appears to be about 
one-tenth that in mouse liver (Palmer et al�, 1998)� Similar 
levels were measured in the human hepatoma-derived cell 
line Huh7, but human hepatocellular carcinoma HepG2 
cells contained 4-fold lower levels (Palmer et al�, 1998)� 
Relatively little is known about the tissue distribution, 
endogenous function, and response of human PPARα to 
peroxisome proliferators� PPARα appears to be present at 

highest concentration in liver, and is also present in skel-
etal muscle (Auboeuf et al�, 1997)� The receptors are also 
present in testicular Leydig and germ cells in both rats and 
humans, but whereas rat Sertoli cells have relatively high 
concentrations, human Sertoli cells lack PPARα (Schultz 
et al�, 1999)� It is also clear that human PPARα is biologically 
active, mediating the therapeutic hypolipidemic and antia-
therogenic actions of a number of clinical pharmaceutical 
agents that also induce peroxisome proliferation in one or 
more rodent species�

Morimura et al� (2005) compared the response of wild-
type FVB/N mice and transgenic FVB/N mice carrying a 
“humanized” PPARα gene following a 44-week exposure 
to WY-14,643� Gross treatment-related hepatic effects, such 

Figure 9. PROD percent increase over control per mg/kg/day. Data from Molitor et al. (1992), Molitor and Persohn (1993), and Thomas (1994).
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Figure 10. EROD percent increase over control per mg/kg/day. Data from Molitor et al. (1992), Molitor and Persohn (1993), and Thomas (1994).
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as increased liver weight and total liver tumors, were sig-
nificantly increased in wild-type mice, but not in PPARα-
humanized mice� The authors also compared hepatic gene 
expression in the two groups of mice and noted that the 
classic PPARα target genes associated with fatty acid oxi-
dation were up-regulated in both strains� However, genes 
related to cell cycle control and apoptosis were differ-
entially regulated in the two groups of mice� The authors 
concluded that “structural differences between human and 
mouse PPARα are responsible for the differential suscep-
tibility to the peroxisome proliferator-induced hepatocar-
cinogenesis” (Morimura et al�, 2005)� Cariello et al� (2005) 
reported hepatic transcriptional profiling in nonhuman 
primates (cynomolgus monkeys) exposed to ciprofibrate� As 
expected, the transcription of numerous genes associated 
with β-oxidation of fatty acid was up-regulated, although 
a comparative analysis of hepatic transcriptional profiling 
in rodents exposed to PPARα agonists revealed that this 
response was significantly stronger in rodents� More signifi-
cantly, the authors reported the down-regulation of a large 
number of key regulatory genes associated with mitogen-
esis and/or antiapoptosis (e�g�, jun, myc, NF-κB)� This is in 
contrast to rodents, where these genes have been shown 
to be up-regulated following exposure to PPARα agonists 
(Ledwith et al�, 1996; Klaunig et al�, 2003)� It is likely that 
many of the genes that are up-regulated in rodents may 
contribute to the processes involved in the ultimate devel-
opment of liver tumors� The fact that these same genes are 
down-regulated in primates provides significant insight into 
the reasons primates are refractory to the hepatocarcino-
genic effects of peroxisome proliferators�

Together, these data indicated that the early key events 
associated with a PPARα MOA in mice, as shown on Table 11 
(activation of PPARα and expression of peroxisomal genes), 
can occur in humans� There is an expanding body of evi-
dence indicating that there is a lack of concordance between 
humans and mice for the downstream events associated with 
the development of mouse liver tumors� In addition, epide-
miological studies of humans chronically exposed to hypoli-
pidemic drugs (Bentley et al�, 1993; IARC, 1995; Cattley et al�, 
1998) and cancer studies in nonhuman primates (Tucker 
and Orton, 1995) suggest that PPARα agonists do not induce 
liver tumors in humans, although the power of these studies 
is limited� Analyses of liver biopsies of patients treated with 
therapeutic doses of hypolipidemic drugs showed only slight 
or no increases in peroxisome numbers or volume density 
(Hanefeld et al�, 1983; Hinton et al�, 1986; Bentley et al�, 1993)� 
Overall, these data suggest that the PPARα are present in the 
humans and responsive to agonists but the key events in a 
PPARα MOA associated with triclosan-induced mouse liver 
tumors are not likely to be plausible in humans�

4.3. Can the mode of action be excluded on the basis of 
kinetic or dynamic factors?
4.3.1.Comparative kinetics in animals and humans
Following repeated ingestion of triclosan in comparable 
media, absorption in humans and rodents was similar and 

was relatively complete� In adults, approximately 85% of 
the administered dose was excreted with 80% excreted in 
urine and 5% in feces (Lucker et al�, 1990)� In mice and rats 
following oral exposure to single or repeated doses of tri-
closan, absorption was rapid and complete (Stierlin, 1972a; 
van Dijk, 1995)�

Information on the distribution of triclosan was limited to 
studies conducted in rodents, and, therefore, a direct com-
parison to distribution of triclosan in humans could not be 
made� Based on whole-body autoradiograms within hours of 
oral administration, the highest levels of triclosan in rats and 
mice were in found in the bile, followed by the liver (Stierlin, 
1972a; Kanetoshi et al�, 1988)� Higher levels of radioactiv-
ity were found in the liver compared to the plasma in mice 
than in rats, suggesting a greater retention of triclosan and/
or its metabolites in mouse liver (van Dijk, 1995) (Table 9)� 
No retention in the liver was demonstrated in rats or ham-
sters following repeated administration of similar doses of 
triclosan (van Dijk, 1996)�

Triclosan was found to be metabolized mainly to parent 
sulfate or parent glucuronide conjugates in both animals and 
humans� In humans, a significant first-pass effect through the 
liver resulted in a near total conversion to the glucuronide 
or sulfate conjugate, with the majority of the metabolites as 
the glucuronide conjugates� Very limited unconjugated or 
free triclosan was detected in the plasma of humans follow-
ing oral administration (Lin, 1989b, 2000; van Dijk, 1996)� 
In contrast, following repeated oral exposure in the mouse 
(van Dijk, 1995), the majority (78% to 90%) of the triclosan 
detected in the plasma was in the form of the sulphate 
conjugate�

The pattern of excretion in humans compared to mice is 
very different� In the mouse, the majority of triclosan (48% 
to 73% of the administered dose) was excreted in the feces as 
the unchanged parent primarily due to biliary recirculation 
of triclosan (60% to 83% of the administered dose) (van Dijk, 
1995)� In contrast, following both single and multiple oral 
administration of triclosan in the human (Lucker et al�, 1990), 
the predominant route of excretion was in the urine (57% 
to 87% of the administered dose), with smaller amounts in 
the feces (10% to 33% of the administered dose)� Practically 
all of the triclosan excreted in the urine in the human was 
in the form of the glucuronide conjugate, with the portion 
recovered in the feces being free parent� Biliary excretion and 
enterohepatic recirculation of the parent compound in the 
mouse was the major pathway for excretion in the mouse, 
whereas urinary excretion was the major pathway in the 
human�

There are distinctive differences in triclosan metabolite 
generation and excretion between rodents and humans� 
Metabolism to sulfate conjugates appears to be different 
across species, with the proportion of sulfate conjugates 
more prevalent in the mouse compared to humans at com-
parable doses� Comparison of excretion patterns in humans 
and mice demonstrated the significant role of enterohepatic 
recirculation and biliary excretion in mice� In humans, 
glucuronidation of the parent and excretion in the urine 
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appears to be the preferred clearance pathway for triclosan, 
resulting in limited free parent remaining for delivery to 
target organs, such as the liver� Although enterohepatic 
recirculation may also occur in humans, the contribution 
of this pathway to the excretion of triclosan does not appear 
to be significant�

4.3.2. Consideration of dynamic differences in humans 
and rodents
A large body of data supports the hypothesis that peroxi-
some proliferator-induced hepatic peroxisome prolifera-
tion, hyperplasia, and neoplasia are responses unique to, 
or are much more significant, in rats and mice� Overall, the 
rank order of responsiveness appears to be rat ≈ mouse > 
 hamster > guinea pig > monkey ≈ human (reviewed by 
Bentley et al�, 1993)� Numerous reviews have been written in 
the past several years that provide detailed discussions of the 
responses of rats and mice to PPARα agonists and their gen-
eral lack of relevance to humans and other primates (Ashby 
et al�, 1994; Cattley et al�, 1998; Doull et al�, 1999; Woodyatt 
et al�, 1999; Klaunig et al�, 2003; USEPA, 2003; Lai, 2004)� As 
described in these reviews, although humans possess func-
tional PPARα and the human receptor can be activated by 
peroxisome proliferators, humans and other primates are 
generally refractory to the key events associated with the 
induction of liver tumors by PPARα agonists�

In addition to species variability in pharmacokinetic fac-
tors, differences in responses among species likely depend 
on the relative abundance of PPARα, the nature of PPREs 
and other regulatory sequences governing expression of 
target genes, the extent of competition or cross-talk among 
nuclear transcription factors for PPAR heterodimerization 
partner RXR, and the modulating role of coactivators and 
corepressors on ligand-dependent transcription of PPARα� 
As discussed previously, the recent reports by Morimura 
et al� (2005) and Cariello et al� (2005) have furthered our 
understanding of the molecular basis of the unique sensi-
tivity of rodents to PPARα agonists�

4.4. Overall conclusions regarding the mode of action for 
mouse hepatic tumors
The weight-of-evidence supports the conclusion that tri-
closan is a PPARα agonist resulting in the activation of the 
PPARα, translation of target genes resulting in the induction 
of enzymes associated with these genes, increases in fatty 
acid β-oxidation, and a cascade of biological events that (1) 
results in induction in the size and number of peroxisomes 
and increases in smooth endoplasmic epithelium leading to 
hypertrophy; (2) enhances cell proliferation of hepatic cells; 
and (3) produces significant increases in hepatic tumors in 
male and female mice� With triclosan, the mouse is uniquely 
sensitive compared to the rat and hamster, which may be 
due to either an enhanced sensitivity of the mouse PPARα 
compared to that in the rat or hamster, or possibly due to 
differences in kinetics and the delivered and sustained dose 
of triclosan (parent compound) in the liver of mice com-
pared to rats and hamsters� Hepatic tumors produced by a 

PPARα–mediated MOA, such as triclosan, are not relevant 
or predictive of human health outcomes and, therefore, not 
considered quantitatively in the development of relevant 
toxicological benchmarks�

5. Dose-response assessment

Assessment of the potential for a chemical to cause adverse 
health effects in populations that may be exposed to that 
chemical frequently involve derivation of a toxicity value to 
which the amount of chemical exposure for a selected use 
pattern is compared� For noncancer effects, these toxicity 
values usually are derived from animal data and are based 
on doses determined to be the no observed adverse effect 
levels (NOAELs) or, when data are available, based on the 
Benchmark Dose in which the lower bound (BMDL) on 
dose at a specified risk level, termed the Benchmark Risk 
(BMR), is estimated from the data� Evaluation of the data 
upon which to base any toxicity values involves considera-
tion of both the statistical and toxicological significance of 
the responses seen�

5.1. Selection of the data to model
To derive NOAELs or BMDLs for triclosan, a critical review 
of the toxicological data was conducted, as described in the 
preceding sections� The focus initially was on those end-
points that were statistically significantly different in treated 
groups compared to control groups following chronic expo-
sure by the oral route� Chronic studies with triclosan have 
been conducted in the rat (Yau and Green, 1986), mouse 
(Auletta, 1995), and hamster (Chambers, 1999)� In the rat 
chronic study, the statistically significant changes reported 
were limited to clinical chemistry parameters (i�e�, serum 
glutamate pyruvate transferase [SGPT; AST], serum gluta-
mate oxaloacetate transferase [SGOT; ALT], total bilirubin, 
albumin/globulin ratio); however, these findings were not 
consistent with time of exposure, dose, or gender� Some 
histopathological changes in the liver, such as hepatocel-
lular hypertrophy, were noted at early time points, but no 
statistically significant changes in histopathology were 
observed at terminal sacrifice� Therefore, these changes 
were considered adaptive and not considered in the deri-
vation of a BMDL�

Several statistically significant changes in hematological 
parameters were observed at terminal sacrifice in male rats, 
including significant decreases in red blood cell count in all 
treatment groups and increased mean corpuscular volume 
and mean corpuscular hemoglobin concentration in the 
two highest dose groups (Yau and Green, 1986)� However, 
although significant, the parameters did not increase or 
decrease in a dose-related manner� Similar changes in 
erythrocytic indices were not observed in female rats in the 
same study (Yau and Green, 1986)� Changes in hematologi-
cal parameter values were seen in male and female mice at 
30 mg/kg/day and above (Auletta, 1995), and in female 
hamsters at 250 mg/kg/day (Chambers, 1999), and in a 
subchronic study in dogs (Paterson, 1967)� Although these 
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changes in hematological parameters appear to be treat-
ment related, there were no consistent dose-related patterns 
accompanying bone marrow depression or histopathologi-
cal changes in any of the species tested chronically to sug-
gest hematotoxicity� Further, the animals were not anemic 
nor were they impaired due to these changes� Therefore, the 
changes in hematological parameters observed in various 
rodent species alone, without accompanying signs of altered 
function, such as development of anemia or histopathologi-
cal changes that would be considered adverse, were not con-
sidered quantitatively for derivation of a BMDL�

In the chronic mouse study (Auletta, 1995), treatment-
related effects were limited to observations in the liver� 
Some observations, such as dose-related increases in the 
incidence and severity of hepatocellular hypertrophy, 
changes in smooth endoplastic reticulum and in peroxi-
some number and size, and increases in indices of cell pro-
liferation, are those associated with activation of PPARα, 
which, as discussed above, were not considered relevant to 
human health outcomes and were not considered further 
quantitatively�

Following chronic oral administration in the hamster, 
statistically significant changes were observed in multiple 
endpoints in both males and females at the highest dose 
tested (250 mg/kg/day) (Table 17 and Table 18, respectively)� 
Histopathological examinations revealed statistically sig-
nificantly increased incidences of noncancer lesions in the 
kidney, stomach, epididymides, and testes� The incidence of 
these lesions in each of these organ systems was considered 
quantitatively for the determination of a BMDL�

In addition to the chronic studies conducted in rodents, 
reproductive/developmental studies have been conducted 
that could provide the basis for estimation of a BMDL� 
Endpoints evaluated in a two-generation rat study (Morseth, 
1988) were considered in the derivation of a BMDL� 
Significantly lower body weights were observed on days 14 

and 21 in both male and female pups of the F
1
 generation 

exposed to 150 mg/kg/day (Table 19)� In addition, although 
not statistically significantly decreased below control values, 
the viability index was lower in the F

1
 generation 150 mg/

kg/day group (82% versus 90% in controls); therefore, this 
endpoint was also considered for BMD modeling� Because 
of the form of the information needed for the Benchmark 
models (e�g�, increasing incidence with increasing dose), the 
viability index was modeled as the number of fetuses dead 
by day 4 compared to the total number of fetuses per litter 
(Table 20)�

Developmental studies in which triclosan was adminis-
tered during gestation were considered� The lowest NOAEL 
of all species tested was 25 mg/kg/day, reported in a devel-
opment study conducted in mice (Christian and Hoberman, 
1992b)� Significant decreases in fetal body weight were 
observed at the two highest doses tested (75 and 350 mg/kg/
day)� However, the changes in fetal weight were observed at 
doses with corresponding significant increases in maternal 
weight, which the authors attributed to significant increases 
in liver weight� This suggests that the treatment-related 
effects on fetal body weight may be related to mechanisms or 
pharmacokinetics that were specific to the mouse� In addi-
tion to the changes in body weight, significant increases in 
the incidence of a minor variations in skull ossification (75 
and 350 mg/kg/day) and significant decreases in the num-
bers of ossified forepaw phalanges (350 mg/kg/day) were 
also reported� Although these minor changes may also be 
related to the significant decreases in fetal weights reported 
and, therefore, related to maternal toxicity, the incidences 
of variation in skull ossification (Table 21) were considered 
quantitatively for comparison to the BMDLs derived based 
on the results of the other chronic studies�

Table 17. Incidence of noncancer lesions statistically significantly increased in male hamsters following dietary administration of triclosan (Chambers, 
1999).

Dose(mg/kg 
bw/day)

Number 
examined

Kidney Epididymides Testes Stomach

Nephropathy Spermatozoa absent
Abnormal 

Spermatogenic cells
Reduced number of 

Spermatozoa
Depletion of 
Germ Cells

Focal atypical hyper-
plasia-fundic region

0 120 79 11 5 7 24 0

12.5 60 35 5 4 2 12 0

75 60 36 6 3 1 10 0

250 60 56** 12* 20** 20** 40** 11**
*p < .05 with Fisher’s exact test.
**p < .01 with Fisher’s exact test.

Table 18. Incidence of noncancer lesions in female hamsters following 
dietary administration of triclosan (Chambers, 1999).

Dose (mg/kg 
bw/day)

Number 
examined

Kidney 
nephropathy

Stomach distended 
gastric glands

0 120 40 4

12.5 60 26 8

75 60 19 7

250 60 50** 17**
**p < .01 with Fisher’s exact test.

Table 19. Body weights of F
1
 generation rats from a multigeneration study 

following dietary administration of triclosan (Morseth, 1988).

Sex Dose

PND 14 PND 21

N Mean SD N Mean SD

Females 0 21 27.6 4.8 21 42.6 5.3

15 22 27.6 4.2 22 42.0 4.4

50 22 28.6 4.5 22 43.5 6.6

150 21 23.6 4.8 21 37.6 5.5

Males 0 21 28.8 4.7 21 44.7 5.9

15 22 29.5 5.4 22 44.9 6.2

50 23 30.3 4.4 23 46.3 6.5

150 21 25.4 3.6 21 40.1 4.4
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Table 20. Incidence of fetuses dead by postnatal day 4 in the F
2
 generation 

of rats following dietary administration of triclosan (Morseth, 1988).

Dose (mg/kg  
bw/day)

Fetuses dead  
by day 4

Number of  
fetuses in litter

Number corre-
sponding litters

0 0 5 1

0 0 8 1

0 1 12 1

0 1 13 1

0 8 13 1

0 0 14 1

0 1 14 2

0 0 15 4

0 1 15 1

0 2 15 1

0 3 15 1

0 0 16 1

0 1 16 1

0 8 16 1

0 0 17 1

0 4 19 1

0 1 21 1

15 2 8 1

15 0 9 2

15 0 10 1

15 4 11 1

15 0 12 1

15 0 13 1

15 1 13 1

15 0 14 4

15 1 14 1

15 2 14 2

15 0 15 2

15 1 15 2

15 2 15 1

15 1 16 1

15 1 17 2

50 0 4 1

50 0 5 1

50 0 8 1

50 0 9 1

50 0 11 1

50 1 11 1

50 1 12 1

50 0 13 2

50 1 13 2

50 0 14 4

50 1 14 1

50 0 15 1

50 1 15 1

50 1 16 2

50 2 16 1

50 2 17 1

50 2 18 1

150 0 6 1

150 1 7 1

150 0 8 1

150 0 12 1

150 1 13 2

150 5 13 1

150 0 14 1

150 1 14 3

150 4 14 1

150 14 14 1

150 0 15 1

150 1 15 2

150 2 15 1

150 5 15 1

150 2 16 2

150 3 16 1

150 0 17 1

150 18 18 1

Table 21. Incidence of variations in skull ossification in mice following 
administration of triclosan (Christian and Hoberman, 1992b).

Dose (mg/kg 
bw/day)

Fetuses with skull 
frontal, interfrontal 

alterations
Number of fetuses  
in litter examined

Number of 
corresponding 

litters

0 0 1 1

0 1 5 2

0 0 5 3

0 1 6 2

0 0 6 8

0 1 7 1

0 3 7 1

0 0 7 3

0 0 8 1

10 0 4 1

10 1 5 2

10 0 5 5

10 1 6 1

10 0 6 5

10 1 7 1

10 0 7 6

10 0 9 1

25 1 3 1

25 1 4 1

25 3 4 1

25 0 5 5

25 1 6 1

25 0 6 10

25 0 7 5

25 0 9 1

75 0 4 1

75 5 5 1

75 1 5 2

75 0 5 4

75 2 6 2

75 0 6 4

75 1 7 1

75 3 7 1

350 2 5 1

350 1 5 2

350 0 5 4

350 1 6 1

350 0 6 3

350 2 6 5

350 3 7 1

350 0 7 2

350 1 7 2

350 0 8 1

Table 20. Continued

Table 20. Continued
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5.2. Application of Benchmark models
The endpoints under consideration from the hamster study 
(Tables 17 and 18) were analyzed using all of the quantal 
models in the USEPA’s BMDS program (USEPA, 2007)� 
Specifically, the models used were the gamma model, the 
logistic and log-logistic models, the probit and log-probit 
models, the multistage model, and the Weibull model� For 
continuous endpoints (e�g�, maternal body weight changes) 
from two-generation study in rats, the linear, polynomial, and 
power models in the BMDS package were used to evaluate 
the dose-response� When fitting these quantal or continuous 
models using BMDS, maximum likelihood methods were 
used to estimate the parameters of the models� Model fit for 
a particular data set, e�g�, goodness of fit (GOF) was deter-
mined using a chi-square test� Acceptable GOF was defined 
as a p value greater than or equal to �1� For these selected 
endpoints in the mouse and hamster, the BMDs and BMDLs 
were defined based on BMRs of 10% extra risk� BMDLs were 
defined as the 95% lower bound on the corresponding BMD 
estimates� Confidence intervals were calculated by BMDS 
using a likelihood profile method�

For the fetal effects in the mouse, litter-specific models 
were fit to the data� The litter-specific models used were 
the National Center for Toxicological Research (NCTR) 
and the Nested Logistic (Nlogistic) models both found in 
the USEPA BMDS software (USEPA, 2007)� The Benchmark 
Dose (BMD) and the lower bound on the Benchmark Dose 
(BMDL) for a Benchmark Risk (BMR) of 5% for continuous 
data, as is recommended in Allen et al� (1994a, 1994b) for 
reproductive/developmental endpoints, were estimated 
from these models� Estimates were obtained from the 
models both with and without the number of fetuses per 
litter examined used as a litter covariate in the model� 
Although the litter is still the statistical unit for the analysis, 
consideration of the size of the litter as a covariate can have 
an impact on the fit of the model to the data� The mean 
number of fetuses examined in the control group mean was 
used as the fixed litter size�

The fits among various models were compared using 
the Akaike information criterion (AIC)� The AIC is defined 
as −2L + 2p, where L is the log-likelihood at the maximum 
likelihood estimate for the parameters, and p is the number 
of model parameters estimated� When comparing the fit of 
two or more models for a single data set, the model with the 
lesser AIC was considered to provide a better fit unless there 
was a biological reason that indicated another model was a 
more appropriate biological fit�

Using the incidence data from the chronic study con-
ducted in hamsters (Tables 17 and 18), BMDLs ranging from 
17�3 mg/kg/day (Logistic model for kidney nephropathy in 
the male hamster) to 201�1 mg/kg/day (Logistic model for 
stomach focal atypical hyperplasia-fundic region in male 
hamsters) were estimated (Tables 22 and 23)� The endpoint 
resulting in the lowest estimated overall BMDL was the 
incidence of kidney nephropathy in the male hamster (17�3 
to 51�9 mg/kg/day)� For two of the estimated BMDLs for 
this data set (Logistic and Probit), the GOF p value was less 

than �1, which would indicate that these models do not ade-
quately fit the data and should not be relied upon for deter-
mination of an acceptable level� Although the Multistage 
model provided an adequate fit (resulting BMDL of 30 mg/
kg/day), the model providing the best fit to the data, based 
on the AIC and GOF, is the Gamma model, resulting in a 
BMDL of approximately 47 mg/kg/day�

BMDLs within the range of those estimated using inci-
dence data from the hamster study were obtained with appli-
cation of the reproductive/developmental models to the data 
from the mouse study (Christian and Hoberman, 1992b) 
(Table 24), as well as to the data from the two-generation 

Table 22. Results of Benchmark modeling for noncancer endpoints in 
male hamsters following oral administration of triclosan.

Organ Endpoint Model AIC GOF BMD BMDL

Kidney Nephropathy Gamma 350.94 0.5560 146.81 46.91

Logistic 356.66 0.0300 24.24 17.30

Log-Logistic 352.94 0.2787 188.72 49.97

Log-Probit 352.94 0.2787 157.27 51.89

Multistage 352.28 0.2824 63.44 29.96

Probit 356.16 0.0381 25.17 18.60

Weibull 352.94 0.2787 199.33 44.38

Epididymides Spermatozoa 
absent

Gamma 213.05 0.8491 223.55 112.37

Logistic 211.17 0.9221 216.16 142.04

Log-Logistic 213.05 0.8481 224.14 107.61

Log-Probit 211.05 0.9807 222.63 146.37

Multistage 211.05 0.9817 225.00 112.36

Probit 211.19 0.9128 215.02 136.61

Weibull 213.05 0.8477 224.98 112.36

Abnormal 
sperma-
togenic cells

Gamma 177.67 0.4681 197.72 96.13

Logistic 176.60 0.4988 135.43 112.67

Log-Logistic 177.67 0.4681 209.78 95.86

Log-Probit 177.67 0.4681 191.95 100.45

Multistage 176.32 0.5594 138.03 86.30

Probit 176.90 0.4410 126.66 103.74

Weibull 177.67 0.4681 211.78 96.04

Reduced 
number of 
spermatozoa

Gamma 163.52 0.3909 205.40 129.59

Logistic 167.15 0.0911 140.13 116.93

Log-Logistic 165.52 0.1705 226.90 130.50

Log-Probit 165.52 0.1705 207.69 123.39

Multistage 166.15 0.1532 140.73 112.02

Probit 167.84 0.0719 131.41 107.73

Weibull 165.52 0.1705 228.29 133.63

Testes Depletion of 
germ cells

Gamma 314.93 0.8508 172.20 79.60

Logistic 319.92 0.0840 59.01 48.76

Log-Logistic 316.92 0.5700 205.95 79.44

Log-Probit 316.92 0.5700 177.38 79.01

Multistage 317.05 0.3160 88.29 59.51

Probit 320.32 0.0704 56.12 46.45

Weibull 316.92 0.5700 210.86 79.87

Stomach Focal atypical 
hyperplasia-
fundic region

Gamma 59.17 1.0000 226.60 164.23

Logistic 61.17 1.0000 243.10 201.12

Log-Logistic 61.17 1.0000 238.55 165.89

Log-Probit 61.17 1.0000 227.57 156.96

Multistage 61.31 0.7695 189.34 150.51

Probit 61.17 1.0000 236.32 189.48

Weibull 61.17 1.0000 239.18 168.54
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rat study (Morseth, 1988) (Tables 24 and 25)� The estimated 
BMDLs from the mouse study (Christian and Hoberman, 
1992b) were all approximately 70 mg/kg/day, varying 
slightly with the model used and assumptions related to 
covariate parameters� From the rat study (Morseth, 1988), 
BMDLs ranged from approximately 76 mg/kg/day based on 
the decrease in viability index (Table 24) to approximately 
139 mg/kg/day based on a decrease in body weights on day 
14 in the F

1
 generation (Table 25)� These BMDLs estimated 

from the rat data are slightly higher than those observed with 
the selected endpoint in the hamster but are consistent with 

the range of values estimated based on the results of both the 
mouse and hamster chronic studies�

5.3. Selection of a toxicity value
The range of BMDLs that were derived for all of the data 
sets considered were comparable, with values ranging 
from approximately 47 mg/kg/day based on the incidence 
of male hamster kidney nephropathy to 201 mg/kg/day 
based on hyperplasia in the stomach of male hamsters� 
However, of the endpoints considered quantitatively, those 
observed in the hamster provided the more conservative 
estimates of a BMDL� In selecting a BMDL for comparison 
to the estimated exposures in the human following the use 
of triclosan-containing consumer products, the lowest 
value, based on the best fit of the model to the data, was 
selected� Although selected endpoints in the mouse were 
eliminated from consideration for dose-response analysis 
(i�e�, liver effects) because of the lack of relevance to human 
health, no information was available to suggest that the end-
points observed in the hamster would not be relevant to 
human health� Therefore, the BMDL recommended would 
be 47 mg/kg/day based on the application of the Gamma 
model to the incidence of kidney nephropathy in the male 
hamster�

6. Exposure assessment

People can be exposed to triclosan when using a variety of 
consumer products� including some toothpastes, soaps, 
and deodorants� In this assessment, the amount of triclosan 
exposure was estimated for the average consumer who may 
use triclosan-containing products on a regular basis� Two 
approaches were used to calculate daily intake estimates� In 
the first approach, intake estimates were developed using 
known or assumed triclosan levels in various consumer prod-
ucts and product usage patterns, coupled with typical exposure 
algorithms and parameters used by regulatory agencies to 
evaluate potential exposure to chemicals in consumer prod-
ucts� In the second approach, data from human biomonitoring 
studies were reviewed and measured urinary triclosan levels 
from human volunteers who participated in the NHANES 
2003–2004 survey were used to develop central tendency and 
upper-bound intake estimates for the US population�

6.1. Product-based intake estimates
Data on product- and use-specific variables were identified, 
including (1) specific products or product categories con-
taining triclosan; (2) persons who would be the likely users 
of a product, i�e�, men rather than women, adults rather than 
children; (3) the primary route(s) of exposure for products 
that contain triclosan; and (4) values for parameters that 
characterize exposure to the person using the product by the 
expected route of exposure, including (a) the concentration 
of triclosan in each product evaluated; (b) the amount of 
each product used per application; (c) the frequency of use 
of each product; and (d) additional exposure assumptions, 
such as route-specific absorption rates�

Table 23. Results of Benchmark modeling for noncancer endpoints in 
female hamsters following oral administration of triclosan.

Organ Endpoint Model AIC GOF BMD BMDL

Kidney Nephropathy Gamma 370.06 0.3260 156.10 68.75

Logistic 376.41 0.0148 35.62 28.58

Log-Logistic 372.06 0.1344 196.40 69.08

Log-Probit 372.06 0.1344 165.49 70.17

Multistage 372.45 0.1008 71.76 41.80

Probit 376.28 0.0158 35.40 28.79

Weibull 372.06 0.1344 204.55 67.01

Stomach Distended 
gastric glands

Gamma 205.52 0.0762 93.92 61.51

Logistic 206.33 0.0613 140.90 111.92

Log-Logistic 205.43 0.0791 86.13 52.89

Log-Probit 207.25 0.0403 140.78 102.03

Multistage 205.52 0.0762 93.92 61.51

Probit 206.20 0.0632 133.78 104.30

Weibull 205.52 0.0762 93.92 61.51

Table 24. Results of Benchmark modeling for reproductive/developmen-
tal endpoints in mice and rats.

Species Endpoint Model AIC GOF BMD BMDL

Mice Fetal skull 
frontals, inter-
frontal skeletal 
alterations

Nlogistica 337.25 0.0279 133.63 72.08

Nlogisticb 337.41 0.0727 131.64 71.52

NCTRa 337.30 0.0278 136.78 68.39

NCTRb 337.52 0.0689 139.07 69.53

Rats Viability: number 
of pups dead by 
PND 4

Nlogistica 672.81 0.3723 133.56 75.65

Nlogisticb 674.19 0.0145 134.64 80.24

NCTRa 674.32 0.0183 134.65 112.21

NCTRb 672.19 0.0192 135.65 113.04
aFitting litter covariate parameters.
bSetting litter covariate parameters to zero.

Table 25. Results of Benchmark modeling of body weight changes 
observed in the F

1
 generation in hamsters.

Sex Postnatal Day Model AIC GOF BMD BMDL

Female 14 Linear 353.4 0.140 160.9 106.7

Polynomial 351.7 0.649 157.2 132.4

Power 352.2 0.394 150.4 128.6

21 Linear 385.1 0.306 163.2 107.7

Polynomial 384.0 0.430 158.1 131.3

Power 384.2 0.353 150.6 129.3

Male 14 Linear 354.3 0.096 174.4 112.6

Polynomial 351.6 0.982 160.1 138.6

Power 352.8 0.273 150.8 132.5

21 Linear 395.2 0.116 174.6 112.7

Polynomial 393.0 0.690 160.5 137.7

Power 393.9 0.313 151.0 132.9
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6.1.1. Selection of consumer product types
The Food and Drug Administration (FDA) (FDA, 2006) and 
the National Library of Medicine’s Household Products 
Database (NIH, 2007) have listed a variety of product catego-
ries and some specific products, respectively, that may con-
tain or at one time contained triclosan (Table 26)� Neither 
of these sources provided detailed information on triclosan 
levels in various product formulations nor any indication of 
the fraction of triclosan-containing products within a given 
category� No single source with a current, accurate, and 
comprehensive list of all products containing triclosan and/
or the levels of triclosan in specific products was found in 
the published literature or in Web-based sources� Therefore, 
the focus of this exposure assessment was on general prod-
uct categories, rather than specific brands within a product 
category� Because of the large number of products in the 
categories identified as potentially containing triclosan 
(FDA, 2006; NIH, 2007), the approach in this assessment was 
to select representative product types within those major 
categories that would be expected to be the most significant 
contributors to estimates of triclosan intake�

Three criteria were considered in that selection of product 
categories and a product type within that product category: 
(1) the amount of product used per application would be 
expected to be among the larger of the products within a 
product category and across product categories; (2) the 
product category was expected to be widely used, that is, 
considered to be a major product; and (3) the product was 
expected to be used daily by both men and women, but prod-
ucts used extensively by men or women were not excluded if 
that product met the first two criteria�

For the first criteria, a qualitative assessment of product 
use among product categories was considered� For exam-
ple, from among the products that may be used daily, it was 
expected that the use of toothpaste would not only result 
in more triclosan per application but the availability for 
absorption would be greater than from the use of cosmetic 
products, such as mascara� Similarly, it would be expected 
that the use of body lotion would occur more frequently than 
the use of other products, such as sunscreen�

For the second and third criteria, major or minor use 
categories and gender-specific use, data from Mediamark 
Research Inc�’s (MRI’s) Survey of the American Consumer 
was obtained from its twice annual survey of approximately 
25,000 individuals in various demographic groups through 
out the United States for a variety of consumer products 
(MediaMark Research Inc�, 2007)� The usage patterns, but 
not the amount used per application, were elicited in these 
surveys for the product categories under consideration� 
Persons younger than 18 years of age were not included in 
this survey� Together, these product categories and product 
types are thought to represent the more significant sources 
of exposure to triclosan from the use of consumer products� 
When all criteria were considered, the final list of products 
categories and product types within a category was selected 
(Table 27)� For this assessment, only one representative prod-
uct type was selected for each of the product categories�

6.1.2. Populations exposed
Most of the product types included in this evaluation are 
intended to be used predominately by adults� However, for 
several product types, including toothpaste, liquid hand 
soaps, liquid body washes, and body lotions, use by children 
could occur and has been evaluated quantitatively� Product-
based exposure estimates for children were based on chil-
dren between the ages of 6 and 11 years to provide a basis 
for comparison with the daily triclosan intake estimates from 
the NHANES biomonitoring data (Calafat et al�, 2008)�

6.1.3. Exposure routes
The anticipated route(s) of exposure were determined based 
on their intended use and product directions on the label� 
For example, exposure to triclosan from products, such as 
body washes, hand soaps, face creams, body lotions, or deo-
dorants, are expected to be predominantly through dermal 
absorption, whereas exposure to triclosan in toothpaste or 
mouthwash and other oral care products will occur prima-
rily through ingestion and absorption in the gastrointestinal 
tract� The low vapor pressure of triclosan (4�0 × 10−6 mm Hg at 
20°C) (Budavari et al�, 1989) indicates that exposure via the 
inhalation pathway is a negligible contributor to triclosan 
exposure from consumer products�

6.1.4. Exposure algorithms
Estimating exposure to triclosan in consumer products 
required information about the amount and frequency of 
products used, the percentage of triclosan in those products, 
route-specific systemic absorption, and body weights for the 
target populations� Values for these exposure variables were 
collected from a variety of different sources, as discussed 
below� Equations 1 and 2 were used to estimate exposure 
to triclosan in selected consumer product types via the oral 
and dermal routes, respectively� Each of these equations 
provided an estimate of daily intake in units of mg/kg body 
weight per day�

6.1.4.1. Oral route

Daily Intake (mg/kg/day)
UR CF %TCS IF

BW
=

× × ×

 
(1)

where
UR = product use rate (g/day)
CF = conversion factor (1000 mg/g)
%TCS = percentage of triclosan in product (g/g)
IF = amount available for gastrointestinal absorption (%)
BW = body weight (kg)

6.1.4.2. Dermal route

Daily Intake (mg/kg/day)
UR CF %TCS ABS

BW
derm=

× × ×

 
(2)

where
UR = product use rate (g/day)
CF = conversion factor (1000 mg/g)
%TCS = percentage of triclosan in product (g/g)
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ABS
derm

 = dermal absorption (%)
BW = body weight (kg)

6.1.5. Concentration of triclosan in products (%TCS)
Governmental regulations in the European Union (EU) 
and the United States specify the amount of triclosan that 
is permitted in some cosmetic and personal care products� 
Triclosan is approved for use as a preservative in cosmetics 
and toiletries in the EU at concentrations up to 0�3% (EU, 
2007)� The FDA published a tentative final monograph for 
health care antiseptic drug products, which covered anti-
bacterial soap products containing triclosan and proposed 
limits up to 1% triclosan for use in antiseptic washes and 
surgical hand scrubs in health care settings (FDA, 1994)� 
Triclosan is permitted for use in toothpaste at levels up to 
0�3% by the FDA (FDA, 1997) and this percentage was used 
in the exposure assessment�

The National Library of Medicine’s Household Product 
Database provided information on triclosan levels in four 
liquid hand soaps, two dishwashing detergents, and one 
facial cleanser (NIH, 2007)� For liquid hand soaps, triclosan 
levels were reported to range from 0�1% to 0�3% (NIH, 2007)� 
This is within the range of triclosan levels (0�1% to 0�45%) 
that Aiello et al� (2007) reported for the “most popular liquid 
hand soap brands�” Therefore, 0�3% was used in this assess-
ment for liquid hand soaps�

The Household Products Database (NIH, 2007) listed two 
antibacterial dishwashing liquid products, each containing 
0�1% triclosan� In the absence of any other data, 0�1% was 
selected for use in this assessment to estimate triclosan 
exposure from this product type�

As detailed previously, pharmacokinetic studies in 
humans have evaluated a variety of oral and dermally 
applied products with triclosan concentrations ranging from 
less than 0�1% to 1�0%� Lin (2000) used a mouthwash product 
containing 0�03% triclosan to measure systemic absorption 
after exposure to this type of product� This value was used 
to estimate consumer exposure to triclosan in mouthwash 
products�

The triclosan levels in the selected consumer product 
categories used to estimate human exposures in this assess-
ment are listed in Table 28� These values are believed to 
reflect typical levels in these products based on the sources 
identified above� When specific information about triclosan 
levels in a particular product type was not available, the 0�3% 
limit specified by the EU (EU, 2007) was used�

6.1.6. Product use rate (UR)
Several sources of information were used to estimate daily 
use rates (g/day) for the selected consumer products� Some 
sources reported the amount used per application, such as 
the amount of toothpaste used in one brushing event, but 
not the frequency or number of events per time period, 
whereas other sources provided estimates of the frequency, 
expressed as the number of uses in a given time frame� Still 
other sources provided both pieces of information but for 
a limited number of products or for a specific consumer 

Table 26. Product categories potentially containing triclosan.

Product category Reference

Dishwashing liquid FDA, 2006; NIH, 2007

Surface cleaners FDA, 2006; NIH, 2007

Antibacterial soaps and washes FDA, 2006; NIH, 2007

Skin cleansers FDA, 2006; NIH, 2007

Body/hand lotions FDA, 2006; NIH, 2007

Deodorants FDA, 2006; NIH, 2007

Shaving preparations FDA, 2006; NIH, 2007

Bath Products FDA, 2006

Makeup products FDA, 2006; NIH, 2007

Fragrance preparations FDA, 2006

Toothpaste NIH, 2007

Table 27. Triclosan-containing consumer products selected to estimate 
exposure for the average consumer who may use triclosan-containing 
products on a regular basis.

Product category Product type

Oral care products Toothpaste

Mouthwash

Dermally applied products (rinse off ) Liquid hand soap

Body washes

Dishwashing detergent

Dermally applied products (leave on) Body lotion

Facial moisturizer

Deodorant/antiperspirant

Table 28. Levels of triclosan in selected consumer products.

Product category and type Triclosan content (%) Reference

Oral care products

Toothpaste 0.3 FDA, 1997

Mouthwash 0.03 Lin, 2000

Dermally applied products (rinse off )

Liquid hand soap 0.1 to 0.45 Aiello et al., 2007

Body washes 0.3 EU, 2007

Dishwashing detergent 0.1 NIH, 2007

Dermally applied products (leave on)

Body lotion 0.3 EU, 2007

Facial moisturizer 0.3 EU, 2007

Deodorant/antiperspirant 0.3 EU, 2007

Table 29. Product use rates.a

Product category and type

Daily use rate (g/day)

Adult male Adult female Children

Oral care products

Toothpaste 1.8 1.9 1.9

Mouthwash 33 33 —

Dermally applied products (rinse off )

Liquid hand soap 2.2 2.7 2.7

Liquid body washes 11.8 11.8 6.6

Dishwashing detergent 3.5 4.0 —

Dermally applied products (leave on)

Body lotion 4.4 5.6 2.8

Facial moisturizer 0.62 0.81 —

Deodorant/antiperspirant 0.63 0.63 —
aNumerous sources of information were required to estimate daily use 
rates for different consumer products. See the Exposure Assessment sec-
tion for details and references.
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demographic� All of these sources were considered in the 
development of daily intake estimates� The daily use rates 
used in the development of triclosan exposure estimates are 
summarized on Table 29�

Barnhart et al� (1974) evaluated toothpaste use and 
ingestion of toothpaste during normal brushing in human 
volunteers in four age categories� A total of 270 subjects, 
divided almost equally among the four age categories, were 
evaluated� Although the amount of toothpaste used did not 
differ significantly among groups (a mean of 0�86 g/event in 
the 2- to 4-year-old group and a mean of 1�39 g/event in the 
20- to 35-year-old group), the amount ingested by age group 
did differ�

Loretz et al� (2005, 2006) collected data on the amount of 
product used per application and the frequency of use for 
nine widely used cosmetic and personal care product types, 
including body lotion, face cream, body wash, and solid 
antiperspirant� This study documented actual product use 
for 360 women in the United States between the ages of 19 
and 65 years who regularly used these products�

McNamara et al� (2007) and Hall et al� (2007) reported on 
different aspects of an analysis of three databases contain-
ing a variety of consumer product use information for more 
than 18,000 individual consumers and 44,000 households 
in six European countries� These databases included (1) a 
European Cosmetics and Toiletries (ECTD) database con-
taining consumer product use frequency data (i�e�, number 
of uses per day) for 17,561 subjects in five European coun-
tries (Denmark, France, Germany, Great Britain, and Spain); 
(2) an ICS database containing information on the amounts 
of several personal care products used per application for 
496 subjects (approximately 30% male, 70% female) residing 
in Scotland; and (3) a TNS (Taylor Nelson Sofres)-Europanel 
database containing information on the quantity of prod-
ucts in specific categories purchased over the course of a 
year by more than 44,000 households in Denmark, France, 
Germany, Great Britain, and Spain� The authors combined 
these data and performed Monte Carlo simulations to con-
struct population distribution curves representing use rates 
(g/day) for several personal care products, including body 
lotion, deodorant/antiperspirant, facial moisturizer, and 
toothpaste, by European consumers� Gender-specific usage 
information was not provided; rather, for products used by 
both men and women, the use rate distributions represented 
an aggregate of the use rates for both genders (Hall et al�, 
2007; McNamara et al�, 2007)�

Product use frequency (number of uses per week) data for 
US consumers was obtained from MRI (MediaMark Research 
Inc�, 2007)� This survey reported usage data from 11,156 adult 
men and 22,470 adult women in the United States that were 
collected between March 2005 and April 2007� The survey 
data included the number of respondents who used a spe-
cific type of product within the last 6 months, and for those 
respondents, the frequency of use of those products within 
the 7 days prior to completing the survey� The per week use 
frequency data from the MRI survey were converted to daily 
rates by dividing by 7 for use in this exposure assessment�

Weegels and van Veen (2001) reported product usage 
distributions for a variety of household cleaning products by 
30 households in The Netherlands� The average product use 
amount from this report was used to develop use estimates 
for dishwashing liquid�

For liquid hand soap and liquid body wash, usage 
information (g/event) was obtained from Exposure and 
Risk Screening Methods for Consumer Product Ingredients 
prepared by the Soap and Detergent Association (SDA) 
(SDA, 2005)� This report provided data for North America 
and Europe� For both of these products, use estimates were 
higher for North America than Europe and were used to 
develop daily use estimates� The SDA provided very little 
information regarding the sources of the exposure data 
provided� The stated purpose of the SDA report was to 
“present methodologies and specific consumer exposure 
information that can be used for screening-level risk 
assessments …” (SDA, 2005)� As such, the SDA data are 
likely to reflect upper-bound estimates of potential expo-
sure to consumer products�

Child-specific use rates for some product types (i�e�, 
toothpastes, liquid hand soaps, liquid body washes, and 
body lotions) were reported by Barnhart et al� (1974) and 
Bentley et al� (1999)� For other product types, such as liquid 
body washes and body lotions applied to large portions of 
the body surface, child-specific product use rates were esti-
mated using the following allometric scaling equation:

UR_C UR_A
BW_C

BW_A

2
3

= × 



 

(3)

where
UR_C = product use rates by children
UR_A = product use rates by adults
BW_C = aggregate male/female body weight between the ages 
of 6 and 11
BW_A = adult male and female body weight between the ages 
of 18 and 65

For liquid hand soaps, however, use rates for adults and chil-
dren were assumed to be equivalent because these products 
are typically dispensed through the use of a spring-loaded 
pump that delivers a relatively consistent amount of product 
per event�

Data from the studies with larger numbers of participants 
and those studies that reported either amount used per 
application or application frequency separated by gender 
were preferred for use in this assessment� When available, 
measures of central tendency, such as the mean, median, or 
50th percentile of distributions were selected to represent the 
typical, average user� Table 29 provides the values selected 
or developed based on information in these sources and the 
following provides the basis for those selections�
6�1�6�1� Toothpaste� The amount used at each brushing 
(0�96 g/application) was based on McNamara et al� (2007), 
and when combined with the application frequency data 
for US men (1�9 applications/day) and women (2�0 applica-
tions/day) from MRI (2007) yielded an average daily product 
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use rate (UR) of 1�8 g/day and 1�9 g/day for men and women, 
respectively� The mean g/application of 1�39 for adults 25 to 
35 years of age reported by Barnhart et al� (1974), if combined 
with the above frequency data would yield a higher UR of 
approximately 2�8 g/day; however, that value was based on a 
very small sample (70 adults)� The URs selected are in agree-
ment with the 2�1 g/day reported by Hall et al� (2007) for men 
and women in the EU� For children, an average application 
rate 0�94 g/application was obtained from Barnhart (1974) 
and children were assumed to have the same application 
frequency as adults (2 applications/day), to yield a UR of 
1�9 g/day� The child’s application rate from Barnhart (1974) 
is within the range of average values (0�51 to 1�39 g/appli-
cation) reported by other authors (Ericsson and Forsman, 
1969; Hargreaves et al�, 1972; Bentley et al�, 1999)�
6�1�6�2� Mouthwash� The amount of product used by adults 
was based on an application rate of 30 g/application reported 
by the SDA (2005) combined with application frequency data 
for men (1�1 applications/day) and women (1�1 applications/
day) from MRI (2007) to yield a daily UR of 33 g/day for both 
men and women� In comparison, Lin et al� (2000) evalu-
ated triclosan absorption following mouthwash use based 
on 15 g/application and two applications per day, for an UR 
of 30 g/day� Children’s exposure was not evaluated for this 
product type�
6�1�6�3� Liquid hand soap� The UR selected for adults was 
based on an application rate of 1�7 g/application reported 
by the SDA (2005) combined with application frequency data 
for men (1�3 applications/day) and women (1�6 applications/
day) from MRI (2007) to yield daily URs of 2�2 g/day and 
2�7 g/day for men and women, respectively� For children, 
the UR was assumed to be the same as the adult female with 
no allometric adjustment for surface area, as previously 
discussed�
6�1�6�4� Liquid body wash� The values selected for adults 
were based on an application rate of 11�8 g/application (SDA, 
2005) combined with application frequency data for US 
men (1�0 applications/day) and women (1�0 applications/
day) from MRI (2007) to yield a daily UR of 11�8 g/day for 
both men and women� This UR is slightly lower than but not 
inconsistent with the UR estimated for women only of 12�9 g/
day as by Loretz et al� (2006)� For children, a child-specific 
product use rate of 6�6 g/day was developed using the adult 
male and female URs and Equation 3�
6�1�6�5� Dishwashing liquid� Estimates of daily intake were 
derived using the mean use rate (5�0 g/application) provided 
in Weegels and van Veen (2001) combined with frequency 
of use data for US men (0�7 applications/day) and women 
(0�8 applications/day) from MRI (2007) to yield daily URs of 
3�5 g/day and 4�0 g/day for men and women, respectively� 
Children’s exposure was not evaluated for this product 
type�
6�1�6�6� Body lotion� The values selected for adults were 
derived using the mean EU application rate for body lotion 
(3�98 g/application) provided by McNamara et al� (2007) 
combined with application frequency data for US men (1�1 
application/day) and women (1�4 applications/day) from 

MRI (2007) for application rates of 4�38 g/day for men and 
5�57 g/day for women� The daily URs of 4�4 g/day and 5�6 g/
day for men and women, respectively, are in close agree-
ment with the mean daily UR of 4�6 g/day (50th percentile) 
for all EU consumers reported by Hall et al� (2007), which 
was consistent with 4�42 g/application reported by Loretz 
et al� (2005) for women in the United States� For children, 
a child-specific product use rate of 2�8 g/day was developed 
using the average of the adult male and female use rates and 
Equation 3�
6�1�6�7� Facial moisturizer� Selected values for adults were 
derived using the mean EU application rate for facial mois-
turizer (0�62 g/event) provided by McNamara et al� (2007) 
combined with application frequency data for US men (1�0 
application/day) and women (1�3 applications/day) from 
MRI (2007)� The daily URs of 0�62 g/day and 0�81 g/day for 
men and women, respectively, are consistent with the daily 
URs for all EU consumers (0�85 g/day at the 50th percentile) 
reported by Hall et al� (2007) and for US women (0�84 g/
day at the 50th percentile) reported by Loretz et al� (2005)� 
Children’s exposure was not evaluated for this product 
type�
6�1�6�8� Deodorant/antiperspirant� The amount used per day 
for adults was derived using the mean EU application rate for 
solid deodorant (0�63 g/event) provided by McNamara et al� 
(2007) combined with the application frequency data for US 
men (1�0 applications/day) and women (1�0 applications/
day) from MRI (2007) to yield daily URs of 0�63 g/day for both 
men and women� The daily URs are lower than the daily UR 
for EU consumers of 0�82 g/day (50th percentile) reported by 
Hall et al� (2007) but higher than the 50th percentile value of 
0�59 g/day provided by Loretz et al� (2006)� Children’s expo-
sure was not evaluated for this product type�

6.1.7.Systemic absorption
6�1�7�1� Oral route (IF and ABS

gi
)� Toothpaste� Triclosan was 

well absorbed regardless of the type of medium in which it 
was administered (Stierlin, 1972a; van Dijk, 1995)� Systemic 
absorption in adult human volunteers (as indicated by dose-
normalized blood AUCs) was similar following ingestion of 
triclosan in a toothpaste slurry or an aqueous solution, both 
of which were swallowed (Habucky, 1997a)� However, the 
amount of triclosan that is available for systemic absorp-
tion in toothpastes or mouthwashes is less than the applied 
amount because these products are normally rinsed and 
expectorated� Estimates of the amount of triclosan absorbed 
considered both factors: (1) the amount of the toothpaste 
or mouthwash used per application that was swallowed/
retained and available for absorption (IF); and (2) the 
amount swallowed/retained that was absorbed in the entire 
gastrointestinal tract (ABS

gi
), including the buccal mucosa�

The amount of triclosan that was available to be absorbed 
(IF) was based on the amount swallowed/retained after 
normal brushing� Only 5% to 10% (as indicated by uri-
nary excretion data) was available for absorption when 
adult volunteers brushed with a 0�2% triclosan-containing 
toothpaste twice daily as directed for 21 days (Lin, 1989a)� 
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Barnhart et al� (1974) reported that 2�9% of the applied 
toothpaste in 20- to 35-year-olds was retained, as measured 
by a lithium chloride tracer in fecal samples; however, this 
may be an underestimate because the majority of triclosan 
is eliminated in the urine� This value is lower than the 5% to 
10% triclosan ingested/retained estimated by Lin (1989a)� 
Therefore, the midpoint of the retention range (7�5%) pro-
vided by Lin (1989a) was used to estimate the amount of 
triclosan available for absorption from toothpaste� For this 
assessment, the amount absorbed from the retained frac-
tion was assumed to be 100%�

Barnhart et al� (1974) reported that an average of 13�8% 
or 6�4% of the amount of toothpaste used at each brushing 
was ingested by children in ages 5 to 7 or 11 to 13, respec-
tively� These values may underestimate the amount ingested 
and available for absorption because they were based on 
the amount excreted in the feces; therefore, IF of 13�8% 
was used, which may overestimate potential toothpaste 
ingestion for children between the ages of 6 and 11 years� 
Pharmacokinetic data indicated that approximately 90% 
of the amount ingested or retained in the oral cavity was 
absorbed� The amount absorbed from the retained fraction 
was assumed to be 100%�

Mouthwash� Lin (2000) reported approximately 2% to 
4% of a mouthwash product containing 0�03% triclosan was 
ingested when used by human volunteers twice daily as 
directed for 21 days� The midpoint of the amount ingested 
(3%) from this study was used in the daily intake calcula-
tions� Again, for purposes of this assessment it was assumed 
that 100% of the amount retained, that is, available for 
absorption�
6�1�7�2� Dermal route (ABS

derm
)� Dermal absorption of tri-

closan from the selected consumer products was estimated 
using data from in vitro absorption studies with full-thickness 
human skin samples, as described in the Pharmacokinetics 
section� Dermal absorption of triclosan-containing product 
formulations, including a water/oil (w/o) emulsion con-
taining 0�2% triclosan intended to mimic a lotion product 
(Watkinson, 1998a), a dishwashing liquid containing 0�2% 
triclosan (Watkinson, 1998b), a deodorant containing 0�2% 
triclosan (Watkinson, 1998c), and a soap solution containing 
0�02% triclosan (Watkinson, 1998d), have been evaluated� The 
dermal absorption measured in these in vitro studies is sum-
marized in Table 30�

Because these studies were designed to mimic actual use 
conditions (i�e�, product formulations were either left on or 
rinsed off the skin based on the anticipated uses of the prod-
ucts), no additional factors were applied in the calculation 
of the average daily intakes to account for product loss via 
rinsing from dermally applied products� However, in order 
to account for differences in triclosan content between the 
product formulations applied in the in vitro studies and the 
levels assumed for the consumer products, data from the in 
vitro experiments were adjusted by multiplying the percent-
age absorption from the relevant in vitro experiment by the 
ratio of the triclosan content in the consumer product of 
interest to the triclosan content in the product formulation 

applied in the in vitro study� This adjustment assumed that 
triclosan absorption is via passive diffusion, and flux through 
the skin is proportional to the concentration of triclosan 
applied to the skin� Table 31 provides dermal absorption 
values used to estimate exposure to triclosan in consumer 
products in this assessment�

6.1.8. Body weight
Body weights for users of consumer products that contain 
triclosan were based on estimates from Portier et al� (2007)� 
This study reported body weight distributions based on data 
reported in NHANES IV (years 1999–2002)� This data set 
included body weight data for 9965 individuals� Age-specific 
body weights were provided on a year-by-year basis for males 
and females starting at birth to over 85 years of age, and 
data summaries were provided for specific age groups� For 
this analysis, the mean body weight for males and females 

Table 30. In vitro dermal absorption of triclosan.a

Product applied

Triclosan recovery (%)

Receptor 
liquid

Intact epidermis 
and dermis

Total 
absorption

Water/oil emulsion (0.2%)b 3.9 7.4 11.3

Dishwashing liquid (0.2%)c 2.3 9.7 12.0

Deodorant (0.2%)d 0.85 6.8 7.65

Soap solution (0.02%)e 2.3 4.9 7.20
aDermal absorption of triclosan from consumer products was estimated 
suing data from in vitro absorption studies with full-thickness.
bWatkinson, 1998a.
cWatkinson, 1998b.
dWatkinson, 1998c
eWatkinson, 1998d.

Table 31. Product-specific adjustments to in vitro dermal absorption 
values.

Product category 
and type

In vitro dermal 
absorption based 
on 0.02%a or 0.2%b 

triclosan (%)

Assumed tri-
closan content 

in consumer 
products (%)

Calculated der-
mal absorption 

in consumer 
products (%)

Dermally applied products (rinse off )

Liquid hand soap 7.2 0.03b 10.8

Body washes 7.2 0.03b 10.8

Dishwashing 
detergent

12.0 0.1 4.0

Dermally applied products (leave on)

Body lotion 11.3 0.3 16.6

Facial moisturizer 11.3 0.3 16.6

Deodorant 7.65 0.3 11.5
aThe in vitro dermal absorption study with the soap solution used a 0.02% 
triclosan level to simulate actual-use conditions (i.e., 10-fold dilution of a 
0.2% soap solution with water when applied to the skin). The assumed tri-
closan content in liquid hand soap and body wash was reduced by 10-fold 
to remain consistent with the methodology used in the in vitro dermal 
absorption study.
bThe in vitro dermal absorption studies with the dishwashing liquid, 
water/oil emulsion, and deodorant utilized a 0.2% triclosan level (i.e., no 
dilution).
Calculation: % triclosan absorption from the consumer product of 
interest = % absorption from % triclosan applied in the relevant in vitro 
study × (assumed % triclosan in consumer product of interest/% triclosan 
in product formulation used in the relevant in vitro study).

C
ri

tic
al

 R
ev

ie
w

s 
in

 T
ox

ic
ol

og
y 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

A
sh

le
y 

Pu
bl

ic
at

io
ns

 L
td

 o
n 

04
/2

6/
10

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Safety assessment for triclosan  475

between the ages of 18 and 65 were used to estimate adult 
exposure to triclosan in consumer products� For males and 
females, these average body weights were 85�47 and 74�55 kg, 
respectively� For children, mean body weights for males and 
females (combined) between the ages of 6 and 11 were used 
to estimate exposure; this corresponds to 33�56 kg�

6.1.9. Daily intake estimates for individual products
Estimates of daily triclosan intakes for each consumer prod-
uct type containing triclosan are provided in Table 32� The 
highest daily intake estimates are for body lotion, with higher 
intakes calculated for children�

6.1.10. Daily intake estimates for combinations of 
products
Estimates of daily triclosan intakes from the use of triclosan-
containing products evaluated in this exposure assessment 
were combined to provide an estimate of the potential aggre-
gate exposure� Estimates of total intake from the consumer 
products evaluated were 0�047, 0�065, and 0�073 mg/kg/day, 
for men, women, and children, respectively�

6.2. Biomonitoring-based intake estimates
Biomonitoring studies have detected and quantified 
triclosan concentrations in plasma and urine in the 
general population and in breast milk in nursing moth-
ers� Triclosan was detected in samples of human breast 
milk in Sweden at concentrations ranging between < 20 
and 300 μg/kg lipid weight (Adolfsson-Erici et al�, 2002)� 
Triclosan was measured in the plasma and breast milk of 
another group of nursing mothers in Sweden (Allmyr et al�, 
2006)� In those women who used personal care products 
containing triclosan, concentrations of triclosan in the 
plasma and breast milk ranged from 0�4 to 38 μg/kg lipid 
and from 0�022 to 0�95 μg/ kg lipid, respectively, whereas 
triclosan concentrations in plasma and breast milk from 
women who used triclosan-free personal care products 
ranged from 0�01 to 19 μg/kg lipid and from < 0�018 to 

0�35 μg/kg lipid, respectively� In 62 breast milk samples 
from women in San Jose, California, and Austin, Texas, 
triclosan was detected at concentrations between < 5 and 
2100 μg/kg lipid (Dayan, 2007)� Triclosan was measured 
in urine collected from female children (n = 90) aged 6 to 
8 years in New York, New York, Cincinnati, Ohio, and San 
Francisco, California (Wolff et al�, 2007)� Triclosan concen-
trations ranged from < 1�6 to 956�0 μg/L, with a median of 
7�2 μg/L�

The largest biomonitoring study of triclosan to date was 
undertaken by the CDC as part of the NHANES survey, which 
has been conducted annually since 1976� The NHANES study 
was designed to measure the health and nutritional status in 
the general US population (Calafat et al�, 2008)� Recently, the 
survey has included data from urine and plasma samples to 
assess exposure to environmental chemicals�

In the 2003–2004 NHANES survey (CDC, 2005), which 
included examinations of 9643 subjects, urine specimens 
were collected from a random one third of the subjects 
(n = 2517 subjects) and analyzed for triclosan (Calafat 
et al�, 2008)� A single spot urine sample was collected from 
each subject during one of three daily examination ses-
sions, either morning, afternoon, or evening� The samples 
were analyzed for concentrations of free plus conjugated 
triclosan (total triclosan) in the urine and adjusted for vol-
ume or total creatinine� Statistical analyses were conducted 
to determine distribution percentiles, with concentrations 
below the limit of detection (LOD) assumed to be equal to 
the LOD (2�3 μg/L) divided by the square root of 2� Overall 
distributions of triclosan concentrations in the urine, both 
volume-based (μg/L) and creatinine-corrected (μg/g creati-
nine), for the subject groups were developed� Distributions 
were also developed based on age (6–11, 12–19, 20–59, and 
>60 years), sex, and race/ethnicity (Mexican American, 
non-Hispanic black, and non-Hispanic white)� Analysis of 
covariance was used to evaluate the potential influence of 
multiple variables, including age and household income, 
on concentrations of triclosan (Calafat et al�, 2008)� Table 33 
provides the geometric mean, 50th percentile, and 95th per-
centile urinary triclosan levels (μg/L) reported in Calafat 
et al� (2008)�

These data provided actual measurements of triclosan 
from a large number of subjects of various ages that poten-
tially used multiple triclosan-containing products� Because 

Table 32. Daily triclosan intake estimates for selected consumer 
product.

Product type

Intake (mg/kg/day)

Adult male Adult female Children

Oral care products

Toothpaste 0.005 0.006 0.023

Mouthwash 0.003 0.004 —

Dermally applied products (rinse off )

Liquid hand soap 0.001 0.001 0.005

Liquid body washes 0.004 0.005 0.006

Dishwashing detergent 0.002 0.003 —

Dermally applied products (leave on)

Body lotion 0.026 0.038 0.042

Facial moisturizer 0.004 0.005 —

Deodorant/antiperspirant 0.003 0.003 —

Combined exposure 0.047 0.064 0.074

— = product not evaluated for children.
aExposure algorithms used to calculate daily—intake estimates are pro-
vided in the Exposure Assessment section.

Table 33. Triclosan concentrations in urine form subjects from NHANES 
2003–2004.a

Group
Sample 

size

Urine concentrations (μg/L)b

Geometric mean 50th percentile 95th percentile

All 2514 13.0 (12.7) 9.2 (9.5) 459.0 (363.8)

6–11 years 314 8.2 (9.9) 5.9 (7.5) 148.0 (226.4)

12–19 years 713 14.5 (10.9) 10.2 (7.4) 649.0 (347.2)

20–59 years 950 14.7 (13.8) 10.3 (10.6) 491.0 (384.5)

≥60 years 537 10.3 (12.4) 6.5 (8.5) 386.0 (382.8)

All male 1228 16.2 (13.3) 11.7 (9.2) 566.0 (384.5)

All female 1286 10.6 (12.3) 7.4 (9.5) 363.0 (331.5)
aData from Calafat et al. (2008).
bValues in parenthesis reported in units of μg/g creatinine.
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of the pharmacokinetic properties of triclosan in the human 
(i�e�, approximately 90% urinary excretion of parent and 
metabolites and no bioaccumulation), the urinary biomon-
itoring data provided by the NHANES survey (CDC, 2005; 
Calafat et al�, 2008) can be used to provide estimates of the 
absorbed daily intake of triclosan resulting from exposure 
to triclosan, irrespective of source� A similar approach has 
been used to estimate pesticide exposure (Mage et al�, 2004)� 
Intake estimates based on the triclosan biomonitoring data 
provide an opportunity to compare concentrations of tri-
closan measured in the general population to the estimated 
intakes based on product use models and assumptions 
(Table 32)�

As discussed in the Pharmacokinetics section, absorp-
tion of triclosan following oral exposure was relatively rapid 
and complete, with the predominant route of excretion 
being the urine� Therefore, the majority (approximately 
90%) of triclosan and its metabolites in the human would be 
expected to be eliminated in the urine� If it is assumed that 
the individuals have a relatively constant use of triclosan 
products resulting in a constant daily intake, the samples 
taken as part of the NHANES survey would represent a 
steady-state concentration of triclosan in the urine� These 
urinary concentrations can be adjusted by creatinine and 
body weight of the subject to estimate a daily intake in units 
of mg/kg/day�

The NHANES 2003–2004 survey provided the con-
centration of triclosan measured in the urine (μg/L), g 
creatinine/L urine, and body weight for each individual 
included in the survey (CDC, 2005)� To estimate a daily 
intake based on eliminated triclosan, the concentration in 
the urine for each individual was first creatinine-adjusted 
by dividing the urine concentrations of triclosan (μg/L) by 
the concentration of creatinine in the urine (g/L), resulting 
in an estimate of μg triclosan/g creatinine eliminated per 
day� This concentration was then multiplied by age-specific 
daily creatinine excretion (g/day) provided in ICRP (1975), 
resulting in estimates of total triclosan (μg) eliminated per 
day for each individual� Total triclosan was then divided 
by the individual’s body weight and a unit conversion fac-
tor applied to provide an estimated dose of triclosan in 
mg/kg/day based on the amount of triclosan eliminated 
in the urine� Distributions of triclosan intakes for selected 
age groups were developed (Table 34) for comparison to 
estimated intakes based on product usage information 
(Table 32)�

6.3. Comparison of product-based and biomonitoring-
based triclosan intake estimates
The daily triclosan intake estimates were 0�047, 0�065, and 
0�073 mg/kg/day for men, women, and children, respec-
tively, based on the exposure assumptions details above� The 
daily triclosan intake estimates based on the 50th percentile 
urinary concentrations of triclosan reported in the NHANES 
2003–2004 (CDC, 2005) survey were approximately 0�0002, 
0�0002, and 0�0001 mg/kg/day for men, women, and children, 
respectively� The 95th percentile urinary concentrations of 

triclosan reported in the NHANES 2003–2004 survey were 
approximately 0�009, 0�007, and 0�004 mg/kg/day� These 
comparisons demonstrate the conservative nature of the 
product-based triclosan intake estimates and suggest that 
actual triclosan intakes are lower than the product-based 
estimates� The NHANES biomonitoring-based intake esti-
mates suggest that triclosan exposure is lower in children 
(Table 34) than estimated from a product-based triclosan 
intake estimates for children (Table 32)� Although no infor-
mation is available for children under 6 years of age in the 
NHANES survey, it is anticipated that children under 6 years 
of age would use fewer products containing triclosan than 
older children or adults�

7. Safety characterization

This Safety Characterization compared the estimated the 
amount of triclosan that could be encountered daily, as 
described in the Exposure Assessment at which toxicity 
values described in the Dose-Response Modeling section 
to compute MOS estimates for adult men and women and 
for children between the ages of 6 and 11� As described in the 
Dose-Response Modeling section, lower-bound estimates 
on benchmark doses corresponding to 10% response levels 
(BMDLs) were calculated for several toxicological endpoints 
observed in rodents following triclosan exposure, includ-
ing adverse effects on the kidney and stomach in male and 
female hamsters, on the testes and epididymides in male 
hamsters, and on reproductive/developmental effects in 
rats� The BMDLs calculated for these endpoints are summa-
rized in Tables 22 to 25� The BMDL of 47 mg/kg/day based on 
kidney effects in hamsters was selected for use in the Safety 
Characterization�

MOS for each product evaluated were calculated for males, 
females, and children using the following equation:

Daily intake estimate (mg/kg/day)

BMDL (mg/kg/day)

Once numerical MOS values were calculated, an uncertainty 
analysis was conducted to identify those key issues that 
would, if other assumptions had been made, result in an 
underestimate of intake and a corresponding overestimate 
of the MOS� Finally, when the impact of the assumptions and 
data used in conducting each of these major steps is consid-
ered, an interpretation of the data and the potential impact 
on human health was assessed�

7.1. Calculation of margins of safety
Two approaches were used to calculate daily intake esti-
mates� The first approach relied on known or assumed 
triclosan levels in various consumer product types coupled 
with exposure algorithms and intake parameters to evaluate 
potential exposure to chemicals in those consumer products� 
The second approach used measured urinary concentrations 
of triclosan reported in the NHANES 2003–2004 survey 
(CDC, 2005) to approximate daily triclosan intake�
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7.1.1. Product-based intake estimates
Daily triclosan intake estimates for adult men, women, 
and children were developed for a selected list of triclosan-
containing products� These intake estimates are presented 
in Table 32� Calculated MOS estimates are presented in 
Table 35� All of the individual product-type MOS estimates 
were well above 1000, with many higher than 10,000� The 
highest individual MOS was 47,000 based on the use of liq-
uid hand soap by men, whereas the smallest MOS was 1119 
based on the use of body lotion by children� Although it is 
highly unlikely that individual consumers would exclusively 
use triclosan-containing products in each of the categories 
evaluated, the MOS for the combined use of these triclosan-
containing products was also estimated and MOS greater 
than 600 were still maintained�

7.1.2. Biomonitoring-based intake estimates
Estimates of daily triclosan intake were developed using 
creatinine-normalized urinary triclosan concentrations 
for the 2517 individuals who participated in the NHANES 
2003–2004 survey (CDC, 2005)� Estimated daily triclosan 
intakes corresponding to geometric mean, 50th percentile, 
and 95th percentile of the distribution of urinary triclosan 

concentrations were identified (Table 34)� Calculated MOS 
based on the 95th percentile of the distribution of estimated 
daily intakes for adult men and women and children between 
the ages of 6 and 11 years are presented in Table 35� Although 
the daily intakes on which these MOS were based cannot be 
attributed to particular products or exposure circumstances 
and, therefore, represent a “combined” exposure, the use of 
95th percentile of the distribution of urinary triclosan levels in 
each of the populations considered (men, women, and chil-
dren) should provide a conservative estimate of upper-bound 
triclosan exposure, irrespective of source� The MOS estimates 
based on biomonitoring data were 5222, 6714, and 11,750 for 
adult men, adult women, and children, respectively�

These MOS are substantially higher than MOS based on 
the combination of product-based estimates by factors of 
approximately 5 to 20, when based on the 95th percentile 
of the distribution of urinary triclosan levels� A comparison 
of the MOS from the NHANES-derived estimates of intake 
at the 50th percentile with the combined product-based 
estimates, intended to be central tendency values, would be 
250 to 1000 times higher�

7.2. Consideration of uncertainties
Uncertainties are inherent in quantitative safety assessments 
due to the reliance on animal toxicity studies, variability in 
physiological parameters (i�e�, body weight), and variability 
in the data selected to define exposure parameters� In this 
assessment, there is an added level of uncertainty related 
to the fraction of products within particular categories that 
actually contain triclosan, as well as the levels of triclosan 
in various consumer products considered� Analysis of the 
critical areas of uncertainty provides context for better 
understanding the assessment conclusions by identifying 
the uncertainties expected to affect the results�

7.2.1. Toxicological uncertainties
As part of the uncertainty assessment of the adequacy of the 
toxicological database, these data were assessed to determine 
if tests were conducted to include (1) the standard battery 
of tests required for regulatory acceptance; and (2) tests in 
organ systems that were targets for other PPARα agonists� 
Triclosan has been extensively studied in numerous safety 
assessments in humans and in multiple laboratory spe-
cies by multiple routes of administration� Although many 
of the studies on triclosan have not been published in the 
peer- reviewed literature, they have been publically available 
as part of regulatory submissions to both the FDA and the 
USEPA� Further, the major studies relied upon met GLP and/
or OECD guidelines and also met the guidelines required 
under FIFRA (Federal Insecticide, Fungicide and Rodenticide 
Act) (USEPA, 2008)� The database was considered complete 
and adequate to assess the safety of triclosan use�

The basis for the identification of a compound a PPARα 
agonist increases in certainty as the amount of data sup-
porting the key events identified by Klaunig et al� (2003) 
increases� There are currently no data in animals or humans 
demonstrating PPARα binding and activation by triclosan� 

Table 34. Daily estimate triclosan intake (mg/kg/day) based on urinary 
concentrations from NHANES 2003–2004.

Group
Sample 

size

Estimated daily intake (mg/kg/day)

Geometric mean 50th percentile 95th percentile

6–11 years 314 0.0002 0.0001 0.004

20–59 years 936 0.0003 0.0002 0.008

Adult male 443 0.0003 0.0002 0.009

Adult female 493 0.0002 0.0002 0.007

Table 35. Margin of safety.

Product Category and Type

Margins of safety

Adult male Adult female Children

Oral care products

Toothpaste 9400 7834 2043

Mouthwash 15667 11190 —

Dermally applied products (rinse off )

Liquid hand soap 47000 47000 9216

Liquid body washes 11750 9400 7833

Dishwashing detergent 23500 15667 —

Dermally applied products (leave on)

Body lotion 1808 1237 1119

Facial moisturizer 11750 9400 —

Deodorant 15667 15667 —

Combined exposure

Product-based estimates 1000 732 634

Biomonitoring-based estimatesa 5222 6714 11750

— = product not evaluated for children.
aMargins of safety for each product evaluated were calculated for adult 
males, adult females, and children using the following equation:

Daily intake estimate (mg/kg/day)

BMDL (mg/kg/day)

bBiomonitoring-based intake estimate calculated using 95th percentile 
urinary triclosan levels from NHANES 2003–2004.
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However, specific data have been developed for the other 
two “causal” key events and for all four of the “associative” 
key events identified by Klaunig et al� (2003) (see Tables 11 
and 12)� Based on these data, there is reasonable certainty 
that triclosan is a PPARα agonist� This review also evaluated 
other potential MOAs, including genotoxicity, cytotoxicity, 
and other receptor-mediated responses, and this increases 
the overall confidence that the MOA has been appropriately 
characterized�

There is also uncertainty in the implicit conclusion that 
the other noncancer effects identified in rodents (e�g�, devel-
opmental effects noted in the two-generation reproductive 
studies in mice and rats or the kidney effects noted in the 
2-year chronic study in the hamster) are relevant to humans� 
Without additional MOA data for triclosan or data from other 
PPARα compounds related to these effects, it was assumed 
that these findings were relevant�

7.2.2. Uncertainties in the exposure assessment
This safety assessment used a product-based approach to 
calculate estimated daily intake of triclosan from the use 
of selected consumer product types� In addition, triclosan 
levels measured in the urine of participants in the NHANES 
2003–2004 survey (CDC, 2005) were used to develop both 
central tendency (geometric mean and 50th percentile) and 
upper bound (95th percentile) daily intake estimates�

There were various sources of uncertainty in the product-
based approach, including the selection of product catego-
ries and product types in those categories evaluated� The 
product types selected were intended to reflect commonly 
used products that individually would result in estimates of 
triclosan intake that would be in the high end of the range of 
potential exposures that could occur following use of other 
triclosan-containing products� Although there were types 
of products that were not included in this assessment, it 
is unlikely that individuals would use this many products 
potentially containing triclosan on a daily basis for long 
periods� In this regard, the combined product-based daily 
intake estimates are not likely to underestimate exposure� 
As discussed below, the upper-bound biomonitoring-based 
intake estimates support this conclusion�

Another uncertainty in the product-based approach was 
the various sources used to obtain exposure variables and to 
estimate consumer product exposure� Although a variety of 
data were available for the exposure variables used to assess 
exposure to triclosan in the consumer products considered 
in this assessment, some of these data were incomplete (i�e�, 
based on female subjects only), used different exposure met-
rics (g/day versus g/application × applications/day), or were 
specific to a particular population (European versus US)� 
Product use amounts (g/application) representative of aver-
age estimates across the European population were most 
often obtained from McNamara et al� (2007)� These product-
specific use amounts were combined with 50th percentile 
estimates of use frequency (applications/day) obtained 
from MRI’s Survey of the American Consumer (2007) to 
compute daily intake estimates� Finally, distributional 

information was provided from other available literature 
in order to place the daily intake estimates developed in 
this assessment into context� For most of the product types, 
acceptable daily intake (ADI) estimated fell between the 
30th and 60th percentile estimates from other sources in 
the peer-reviewed literature (Weegels and van Veen, 2001; 
Loretz et al�, 2005, 2006; Hall et al�, 2007; McNamara et al�, 
2007), indicating that the values used in this assessment 
represented reasonable estimates average exposure� In most 
cases, upper-bound (90th percentile) estimates from these 
sources were between 1�5- and 4-fold higher than the cen-
tral tendency estimates used in this assessment� For most 
of these products with MOS estimates above 1000, use of 
upper-bound exposure values would still result in accept-
able MOS estimates� One product that was not evaluated 
in any of the literature sources cited above was liquid hand 
soap� Data obtained from MRI’s Survey of the American 
Consumer indicated that median use frequency estimates for 
liquid hand soaps are 1�3 and 1�6 applications/day for men 
and women, respectively� When combined with amount 
per use information obtained from the SDA (2005), daily 
use estimates of 2�2 g/day and 2�7 g/day were computed for 
men and women, respectively� These daily use estimates are 
approximately 5- to 6-fold lower than daily use estimates of 
13�6 g/day or 11�2 g/day recommended by the SDA (2005) 
for North America and Europe, respectively� However, even 
if these higher daily use rates were used in the evaluation 
of this product, MOS estimates would still be over 1000 for 
men, women, and children�

As shown in Table 35, one of the smaller MOS estimates 
was based on the use of triclosan-containing toothpaste by 
children between the ages of 6 to 11 years� Triclosan is an 
ingredient in only a few toothpaste brands and formula-
tions, and no children’s toothpaste formulations containing 
triclosan were identified� Although it is possible that children 
younger than the age of 6 years may use an adult toothpaste 
product containing triclosan, it is unlikely that they would 
do so on a regular basis� With the widespread availability of 
toothpaste specifically formulated for use by children that 
is marketed to this demographic, it is unlikely that younger 
children would have significant exposure to triclosan from 
this product type�

The intake estimates based on central tendency and 
upper-bound human biomonitoring data from the NHANES 
survey provide more robust estimates of aggregate expo-
sure to triclosan, although these data cannot be used to 
attribute exposure to specific sources� The comparison of 
the biomonitoring-based intake estimates to the product-
based intake estimates provides confidence that even the 
use of central-tendency exposure variables is likely to over-
estimate triclosan intakes from the use of specific product 
types� In particular, the biomonitoring-based intake esti-
mates indicate that triclosan exposure is lower in children 
than product-based triclosan intake estimates suggest� These 
comparisons serve to illustrate the conservatism inherent in 
the use of exposure models typically used in regulatory safety 
assessments to develop product type–specific estimates and 
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aggregate estimates of exposure to chemicals in consumer 
products�

7.3. Interpretation of margin of safety estimates
All MOS estimated for daily triclosan intakes from indi-
vidual product types exceeded 1000 and were greater than 
500 when the estimated intakes for all products considered 
were summed to represent cumulative exposure to an aver-
age consumer who may use all of the products stipulated for 
that age and gender group� All of the MOS based on the use 
of creatinine-normalized urinary triclosan data reported by 
the CDC as part of the NHANES 2003–2004 (CDC, 2005) were 
greater than 5000 with that assessed for children greater than 
10,000� A comparison of the combined exposure for prod-
uct-based estimates of intake with that developed from the 
biomonitoring survey provided assurances that the product-
based MOS estimates were likely to overestimate exposure to 
triclosan in consumer products, especially in children� For 
all individual product types and for the combined exposure 
across product categories, MOS estimates were larger than 
the safety/uncertainty factors that would typically be applied 
to account for the uncertainties associated with the devel-
opment of toxicity values based on the results of laboratory 
animal studies (i�e�, factors of 10 each for intraspecies and 
interspecies uncertainty)� Based on these results, hypo-
thetical exposures to triclosan in consumer products are 
not expected to cause adverse health effects in children or 
adults who use these products as intended, even in sensitive 
individuals within the general population�

It is particularly noteworthy that the product-based daily 
triclosan intake estimates suggest that the MOS are lower for 
children when compared to adults� This is contradicted by 
the biomonitoring data reported in NHANES 2003–2004�
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