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Abstract
Methylisothiazolinone (MIT) is a heterocyclic organic compound used as a preservative in cosmetics and personal care products in
concentrations up to 0.01%. MIT is a colorless, clear liquid with a mild odor that is completely soluble in water; mostly soluble in
acetonitrile, methanol, and hexane; and slightly soluble in xylene. Consistent with its solubility, dermal penetration is low. The
Cosmetic Ingredient Review Expert Panel noted the in vitro evidence of neurotoxicity but concluded that the absence of any
neurotoxicity findings in the many in vivo studies, including subchronic, chronic, and reproductive and developmental animal
studies, suggests that MIT would not be neurotoxic as used in cosmetics. Although recognizing that MIT was a sensitizer in
both animal and human studies, the panel concluded that there is a threshold dose response and that cosmetic products
formulated to contain concentrations of MIT at 100 ppm (0.01%) or less would not be expected to pose a sensitization risk.
Accordingly, MIT may be safely used as a preservative in cosmetics up to that concentration.

Keywords
methylisothiazolinone, safety, cosmetics

In 1992, the Cosmetic Ingredient Review (CIR) Expert Panel

issued a final report on the mixture methylisothiazolinone/

methylchloroisothiazolinone (commercially known as Kathon

microbiocides) with the conclusion that the mixture ‘‘may be

safely used in ‘rinse-off’ products at a concentration not to

exceed 15 ppm and in ‘leave-on’ products at a concentration

not to exceed 7.5 ppm.’’1,p75 This report reviews the safety

of the ingredient methylisothiazolinone alone, because it now

has reported cosmetic applications as a biocide without

methylchloroisothiazolinone.

In the 1992 report, methylisothiazolinone and methylchlor-

oisothiazolinone were abbreviated as MI and MCI, respec-

tively. In recognition of the global use currently, the

abbreviations MIT and CMIT, respectively, have been used

throughout this new report.

Chemistry

Definition and Structure

According to the International Cosmetic Ingredient Dictionary

and Handbook,2 methylisothiazolinone (CAS No. 2682-20-4)

is the heterocyclic organic compound that conforms to the for-

mula shown in Figure 1.

Synonyms and trade names for MIT as used in cosmetic

products are listed in Table 1.

Physical and Chemical Properties

Table 2 lists the physical and chemical properties of MIT as

they were provided by Rohm & Haas, LLC.4 The ultraviolet

(UV)/visible spectrum for the MIT product Kordek 573T

microbicide, an industrial biocide, had peak wavelengths at

274 nm for a neutral solution, 266 nm for an acidic solution,

and 274 nm for a basic solution.4

Method of Manufacture

MIT is produced by the controlled chlorination of dimethyl-

dithiodipropionamide (DPAM) in solvent. MIT is then neutra-

lized and extracted into water followed by a solvent strip.3
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Analytical Methods

In studies by Bruze et al,5,6 MIT was isolated from Kathon CG

and identified by high-performance liquid chromatography

(HPLC), mass spectrometry (MS), and nuclear magnetic reso-

nance spectrometry (NMR).

In a study by Connor et al,7 MIT was isolated from Kathon

886 by thin-layer chromatography (TLC) and identified by gas

chromatography/mass spectrometry (GC/MS).

According to Rohm & Haas,3 MIT is identified and quanti-

fied using reverse-phase HPLC.

Impurities

The composition of technical grade MIT is described in

Table 3.4 Most toxicity testing performed by Rohm & Haas,

which is described in this safety assessment, used this material.

Table 4 describes the impurities profile for Neolone 950 preser-

vative (9.5% active ingredient).

Reactions

According to Collier et al,8 MIT oxidatively reacts with thiols,

such as glutathione, to form disulfides. Reaction rates are

dependent on pH. Cystine is released and mercaptoacrylamide

is formed when MIT further interacts with thiols.

Use

Cosmetic

Table 5 represents the current uses and concentrations for MIT

as a function of product category. According to information

supplied to the US Food and Drug Administration (FDA) by

industry as part of the Voluntary Cosmetic Ingredient Registra-

tion Program (VCRP), MIT is used in a total of 1125 cosmetic

products.9 The information provided under the VCRP, how-

ever, does not clearly indicate whether MIT is used alone in

products or is used with CMIT.3

Based on an industry survey of use concentrations of MIT

alone, current concentrations of use are shown in Table 5 and

range from 0.000004% to 0.01%.10 According to Gottschalck

and Bailey,2 MIT functions as a preservative.

Use data from the industry database Mintel show that many

(83) products in the United States contain MIT without the

N
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Figure 1. Methylisothiazolinone.

Table 1. Technical and Trade Names for Methylisothiazolinone2,3

Synonyms 3(2H)-Isothiazolone, 2-methyl-
2-Methyl-3(2H)-isothiazolone
2-Methyl-4-isothiazolin-3-one

Trade names Microcare MT
Neolone 950 preservative
OriStar MIT

Table 2. Chemical and Physical Properties of Neolone 950
Preservative4

Property Description

Physical description Colorless, clear with a mild odor,
liquid at 20�C

Molecular weight 115.2
Empirical formula C4H5NOS
Melting point No data
Boiling point 100�C
Flash point Not applicable
Density 1.02 g/mL at 25�C
Viscosity 3.95 cP at 25�C
Solubility Completely soluble in water

Mostly soluble in acetonitrile,
methanol, hexane
Slightly soluble in xylene

pH at 25�C 3.87
Vapor pressure 2 � 10–2 torr at 25�C
Octanol/water partition
coefficient

log P ¼ –0.486

Table 3. Composition of MIT Technical Grade4

Component % by Weight

MIT 96.8
5-chloro-2-methyl-4-isothiazolin-3-one 0.1
4,5-dichloro-2-methyl-4-isothiazoline-3-one 0.1
N, N0-dimethyl-3,30-dithiodipropionamide 0.2
N,N0-dimethyl-3,30-trithiodipropionamide 0.5
N-methyl-3-chloropropionamide 0.1
Ammonium chloride 0.3
Water 0.2
Ethyl acetate 0.1
Acetic acid 0.1
Unknown compoundsa 1.5

a Fraction of 9 minor components that have been tentatively identified by liquid
chromatography/mass spectrometry as chlorination products of monosulfide
by-products produced during amidation of methyl-3-mercaptopropionate.

Table 4. Impurities Profile of Neolone 950 Preservative3

Component ppm

4,5-dichloro-2-methyl-4-isothiazoline-3-one 0
N-methyl-3-chloropropionamide 0
N, N0-dimethyl-3,30-dithiodipropionamide 490
5-chloro-2-methyl-4-isothiazolin-3-one 44-79
N,N0-dimethyl-3,30-trithiodipropionamide 79-103

188S International Journal of Toxicology 29(Supplement 3)

188



Table 5. Current Cosmetic Product Uses and Concentrations for Methylisothiazolinone

Product Category (total no. of products in each category)
Ingredient Uses in Each
Product Categorya (FDA)9 Use Concentrations, %10

Baby products
Shampoos (38) 5 —
Lotions, oils, powders, and creams (67) 2 —
Other (64) 7 0.002–0.01b

Bath products
Soaps and detergents (594) 117 0.008
Bubble baths (256) 37 —
Other (276) 45 —

Eye makeup
Eyeliners (639) 1 —
Eye makeup remover (114) 4 —
Other (229) 1 —

Makeup
Blushers (459) 1 —
Face powders (447) 1 —

Fragrance products
Other (187) 2 —

Noncoloring hair care products
Conditioners (715) 206 0.000 004–0.01
Sprays/aerosol fixatives (294) 2 0.005
Straighteners (61) 1 —
Rinses (46) 3 —
Shampoos (1022) 275 0.004–0.01
Tonics, dressings, etc (623) 34 0.008–0.009
Wave sets (59) 3 —
Other (464) 50 —

Hair coloring products
Dyes and colors (1600) 13 —
Tints (56) 38 —
Shampoos (27) 18 —
Bleaches (103) 1 —
Other (73) 6 —

Nail care products
Creams and lotions (13) 1 —

Personal hygiene products
Underarm deodorants (281) 2 —
Other (390) 42 0.0015– 0.01

Shaving products
Aftershave lotions (260) 3 —
Shaving cream (135) 3 0.005
Shaving soap (2) 1 —
Other (64) 4 —

Skin care products
Skin cleansing creams, lotions, liquids, and pads (1009) 62 0.0008–0.008
Depilatories (49) 1 —
Face and neck creams, lotions, powder and sprays (546) 23 0.006c

Body and hand creams, lotions, powder and sprays (992) 31 —
Moisturizers (1200) 30 —
Night creams, lotions, powder and sprays (229) 4 —
Paste masks/mud packs (312) 4 —
Skin fresheners (212) 10 —
Other (915) 23 —
Suntan Products
Suntan gels, creams, liquids and sprays (138) 5 —
Indoor tanning preparations (74) 1 —
Other (41) 2 —
Total uses/ranges for methylisothiazolinone 1125 0.000 004–0.01

a Data provided are not clear as to whether uses are methylisothiazolinone alone or include uses of methylisothiazolinone/methylchloroisothiazolinone.
b 0.01% in baby wipes.
c 0.006% does not represent a spray product.
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chlorinated counterpart, CMIT. This information is represented

in Table 5.

According to Rohm & Haas,4 MIT is a broad-spectrum pre-

servative that is used in cosmetic formulations. Neolone 950

contains 9.5% of the active ingredient (a.i.) MIT and is used

at a maximum concentration of 100 ppm a.i.

Neolone 950 is reported to be safe and suitable for over-the-

counter (OTC) products used for rinse-off and leave-on appli-

cations on unbroken skin at this maximum concentration.11

OTC applications include antidandruff shampoos and sunsc-

reens but would not include anti-acne creams, because open

sores may be present in acne cases.

MIT is used in hair sprays and possibly other spray products,

and effects on the lungs that may be induced by aerosolized

products containing this ingredient are of concern.

The potential adverse effects of inhaled aerosols depend on

the specific chemical species, the concentration, the duration of

the exposure, and the site of deposition within the respiratory

system.12 In general, the smaller the particle, the farther into

the respiratory tree the particle will deposit and the greater the

impact on the respiratory system.13

Anhydrous hair spray particle diameters of 60 to 80 mm have

been reported, and pump hair sprays have particle diameters of

80 mm or larger.14 The mean particle diameter is around 38 mm

in a typical aerosol spray.15 In practice, aerosols should have at

least 99% of particle diameters in the 10- to 110-mm range. This

means that most aerosol particles are deposited in the nasophar-

yngeal region and are not respirable.

In Japan, MIT is restricted to a maximum level of 0.01 g/100 g

(100 ppm) in both wash-off and leave-on cosmetics.16 MIT has

not been evaluated for use on mucous membranes to date. MIT

(listed as 2-methyl-4-isothiazolin-3-one) is also considered to

be a quasi-drug that may be used directly on the body.17 Quasi-

drugs are defined as having a mild effect on the body but are not

intended for the diagnosis, prevention, or treatment of disease or

to affect the structure or function of the body.

The European Union18 has approved the use of MIT in

preservatives at a maximum concentration of 0.01%.19

MIT has been reviewed and approved for use up to 0.01%
(100 ppm) in both leave-on and rinse-off products by the fol-

lowing nations: the Association of Southeast Asian Nations

(Brunei Darussalam, Cambodia, Indonesia, Laos, Malaysia,

Myanmar, the Philippines, Singapore, Thailand, Vietnam),

Argentina, Australia, Brazil, Canada, China, Iceland, Israel,

Korea, Mexico, Norway, Russia, Switzerland, and Turkey.3

Noncosmetic

MIT is used as a preservative in cleaning products such as car-

pet cleaners, dishwashing liquids, fabric softeners, floor

polishes, general cleaners, and sprinkler liquids.20

MIT is registered by the US Environmental Protection

Agency (EPA) as an antimicrobial agent. MIT is used to control

slime-forming bacteria, fungi, and algae in pulp/paper mills,

cooling water systems, oil field operations, industrial process

waters, and air washer systems. MIT is used to control mold,

mildew, and sap stain on wood. It also is used as a preservative

in adhesives, coatings, fuels, metalworking fluids, resin emul-

sions, paints, and other specialty products.21

Rohm & Haas4 reported that MIT is approved by the FDA as

a preservative in regulated diagnostic reagents.

General Biology

Absorption, Distribution, Metabolism, Excretion
Absorption. The in vitro percutaneous absorption of MIT was

determined using Charles River Crl:CD hairless rat skin.22 MIT

was radiolabeled on the fourth and fifth carbon of the isothia-

zolone ring (99.88% radiochemical purity with specific activity

of 39.05 mCi/g). The [14C]-MIT was applied to the epidermal

surface of the rat skin that was mounted on Bronaugh flow-

through diffusion cells at the following concentrations: 25 ppm,

75 ppm, or 150 ppm in water. The receptor fluid was evaluated

for radiolabel over a 24-hour period. Radioactivity was mea-

sured in all fractions.

Most of the radiolabel was in the epidermal sections of the

skin (29.2%-46.4% of applied radioactivity), and smaller

amounts were in the stratum corneum (3.8%-10.4% of applied

radioactivity) and dermis (0.2%-0.9% of applied radioactivity).

The rate of absorption over the 24-hour period was 0.0059 +
0.0024, 0.0277 + 0.0079, and 0.0841 + 0.0265 mg equivalents

per square centimeter for hour for 25-, 75-, and 150-ppm dose

groups, respectively. During the 24-hour exposure period, the

mean amount of total applied radioactivity absorbed was

21.4% + 8.8%, 33.7% + 9.6%, and 51.2% + 16.1% for 25-

, 75-, and 150-ppm dose groups, respectively.22

In another in vitro percutaneous absorption study by Rohm

& Haas,23 [14C]-MIT (96.90% radiochemical purity, specific

activity 48.50 mCi/g) was applied to human epidermis in

3 aqueous solutions (52.2, 104.3, and 313.0 mg of MIT per

milliliter) and 3 formulations (shampoo, body lotion, and

facial cream at a concentration of 100 mg of MIT per milliliter).

The aqueous solutions were applied to the membranes at a rate

of 20 mL/cm2 and the formulations were applied at a rate of

20 mg/cm2. The applications were occluded for 24 hours,

after which the distribution of the radiolabel was measured.

In the aqueous solutions, 11% to 13% of applied radioactiv-

ity was found in the donor chamber and 7% to 15% of applied

radioactivity was washed from the skin. The percentage of

applied radioactivity recovered ranged from 2% to 4% in the

stratum corneum and from 11% to 36% in the remaining epi-

dermis. The amount of total dose absorbed in the aqueous solu-

tions was 29.8% + 10.1%, 38.0% + 12.1%, and 54.7% +
12.0% for the groups receiving 52.2, 104.3, and 313.0 mg of

MIT per milliliter, respectively. In the formulations, 4% to

9% of applied radioactivity was found in the donor chamber,

and 30% to 69% of dose was washed from the skin. The

percentage of applied radioactivity recovered ranged from

2% to 4% in the stratum corneum and from 17% to 20% in the

remaining epidermis.

The amount of total dose absorbed was 29.5% + 13.4%,

8.98% + 3.10%, and 19.6% + 10.0% in the shampoo, body

190S International Journal of Toxicology 29(Supplement 3)
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lotion, and facial cream formulations, respectively. The authors

suggested that the 14C recovered in the receptor fluid may

represent MIT metabolites. The rates of absorption for MIT

(100 mg/mL concentration) across human epidermis over a

24-hour exposure ranged from 0.007 to 0.026 mg/cm2/h in the

formulations. The rate of absorption for the aqueous MIT

solutions (104 mg/mL concentration) was 0.037 mg/cm2/h over

the same exposure time.23

Distribution. Rohm & Haas24 evaluated the distribution of

[14C]-MIT (96.70% radio purity, 51.4% nonradiolabeled

purity, and specific activity 13.72 mCi/g) using CD-1 mice

(average body weights 27 g in males and 23 g in females).

Fifteen mice of each sex were dosed with 100 mg/kg radio-

labeled MIT by oral gavage. One mouse served as a control.

At 1, 3, 6, 24, and 48 hours post dosing, 3 mice per sex were

killed, and blood, plasma, bone marrow, femurs, and livers

were collected and measured for radiolabel content.

At early time points, total radioactive residues (TRRs)

derived from the radiolabeled MIT were high in all tissues,

with the highest levels in the liver and lowest in the bone. At

24 hours post dosing, the TRR declined significantly in the tis-

sues. A tissue to plasma ratio showed that the radiolabel parti-

tioned preferentially from plasma to tissues. At 48 hours post

dosing, blood had the highest tissue to plasma ratio. For the

48-hour period, the mean concentrations of TRR in the bone

marrow ranged from 1.2 to 39.4 ppm in males and 1.1 to

30.4 ppm in females. TRR appeared to be higher in male tissues

than female tissues overall.24

Metabolism. The metabolism of 4,5-[14C]-MIT (99.08%
radio purity, specific activity 25.20 mCI/g) was evaluated in

36 Sprague-Dawley rats by Rohm & Haas.25 The test substance

was administered by oral gavage at either 5 or 50 mg/kg. The

study was 96 hours in duration. At 24-hour intervals, urine,

cage rinse, and feces were collected from rats. A group of 4 rats

of each sex that received 5 mg/kg were killed 1 hour post dos-

ing for tissue sampling. All rats were killed at the end of study,

and the tissues were sampled for radiolabel.

Most of the radiolabel was excreted within 24 hours (80%-

87%) and was mainly recovered in the urine and cage rinse

(53%-70%) and in the feces (21%-37%). At the 96-hour tissue

sampling, only 1.9% to 3.6% of the radiolabel was measured,

and this was mainly in the blood. The total mean recovery of

the radiolabel was 92% to 96%. The half-life of elimination

(T1/2 initial) of radiolabel derived from MIT from plasma was

3 to 6 hours and was not dose dependent. No difference

between the genders was observed. All radiolabel that was

recovered was in 23 different metabolite components of the test

substance as measured by HPLC radioprofiling. The test sub-

stance itself was not detected in either the urine or feces.

The metabolites were identified with liquid chromato-

graphy/mass spectroscopy (LC/MS), liquid chromatography/

tandem mass spectroscopy (LC/MS/MS), and 1-dimensional

(1D) and 2D NMR. The major metabolites in urine were

N-methyl malonamic acid (NMMA), 3-mercapturic acid

conjugate of 3-thiomethyl-N-methyl-propionamide, and

N-methyl-3-hydroxyl-propionamide at 21% to 23%, 10% to

23%, and 4% to 5% of the dose, respectively.25

Rohm & Haas26 conducted another study on the metabolism

of radiolabeled MIT (96.90% radio purity, 51.4% nonradiola-

beled purity, and specific activity 48.50 mCi/g) using bile

duct–cannulated female Sprague-Dawley rats (body weight

range, 251-276 g). Four rats received a single oral dose of

50 mg/kg. Bile, urine, cage wash, and feces were collected

from the rats for 24 hours post dosing. At the end of the

24-hour period, the rats were killed.

More than 88% of the dose was recovered in the 24-hour

period, with most of the radiolabel found in the bile

(29.09%), urine and cage rinse (52.92%), and feces (6.14%).

The radiolabel was recovered in 31 metabolite forms of MIT;

no intact MIT was recovered. The main metabolites recovered

were N-methyl malonamic acid and 3-mercapturic acid conju-

gate of 3-thiomethyl-N-methyl-propionamide. The metabolites

were identified with LC/MS and LC/MS/MS.26

Animal Toxicology

Acute Toxicity

Acute toxicity studies for MIT are summarized in Table 6 and

described below for oral, dermal, and inhalation routes of expo-

sure in studies using rats and mice.

Acute Oral Toxicity
MIT—rats. An acute oral toxicity study of MIT (99.7%) was

performed using 60 Crl:CD BR rats (36 males and 24

females).27 MIT was diluted with distilled water, and the solu-

tions were administered to the rats at 75, 150, 180, and 225 mg/

kg body weight. Males were also dosed at 300 mg/kg body

weight. The animals received a single dose by gavage at a

volume of 10 mL/kg body weight. The rats were observed for

14 days thereafter, during which they were allowed feed and

water ad libitum.

In the male rats, 4 of 12 and 6 of 6 in the 225- and 300-mg/kg

dose groups, respectively, died. No deaths were reported in the

remaining male dose groups. In the female rats, 4 of 6 and 5 of 6

in the 180- and 225-mg/kg dose groups, respectively, died.

Again, no deaths were reported in the remaining female

dose groups.

Females at all doses and males in the 150-mg/kg dose

groups and higher exhibited signs of intoxication beginning

at 1 hour post dosing. Intoxication was resolved by day 6 in sur-

viving rats.

At necropsy, rats that died during the observation period had

reddened intestines, red-tinged fluid or red/red-tinged material

in the intestines, reddened glandular portion of the stomach,

red-tinged fluid or mucus in the stomach, and stomach dis-

tended by air. No gross changes were observed in survivors.

The median lethal dose (LD50) for MIT in male rats was

235 mg/kg body weight (95% confidence interval [CI], 216-336
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mg/kg). In female rats, the LD50 was 183 mg/kg body weight

(95% CI, 154-214 mg/kg).27

Rohm & Haas28 performed an acute oral toxicity study in

Crl:CD BR rats using Neolone 950 (MIT 9.69%). The test sub-

stance was administered undiluted via a single oral gavage

dose. A total of 24 male and 18 female rats were used in the

experiment. The rats were observed for clinical signs of toxi-

city beginning 1 hour post dosing through day 4.

In the males, 1 of 5, 3 of 6, 2 of 6, and 6 of 6 of the 2000-,

2500-, 3000-, and 5000-mg/kg dose groups, respectively, died

before the end of the study period. In the females, 1 of 6, 6 of 6,

and 5 of 6 of the 1000-, 1500-, and 2000-mg/kg dose groups,

respectively, died before the end of the study period.

Clinical signs of toxicity were observed. No effects on body

weight were observed in rats surviving until the end of the

study compared with historical control data. Rats that died dur-

ing the study had reddened intestines and/or stomach mucosa,

clear or red/yellow fluid in the intestines and/or stomach,

blackened intestines, and distended stomachs.

The acute oral LD50 for Neolone 950 preservative in male

rats was 2834 mg of product per kilogram of body weight

(95% confidence limits of 2047 and 4377 mg/kg body weight)

and in females was 1091 mg of product per kilogram of

body weight (95% confidence limits of 891 and 1334 mg/kg

body weight). The calculated corresponding LD50 values for

the active ingredient, MIT, were provided without further expla-

nation: 274.6 mg/kg body weight (95% CI, 198.4-424.1 mg/kg

body weight) in male rats and 105.7 mg/kg body weight

(95% CI, 86.3-129.3 mg/kg body weight) in female rats.28

An anionic body lotion containing 100 ppm MIT was tested

on Crj:CD(SD)IGS rats.29 The anionic body lotion was mixed

with distilled water at a ratio of 1:9 while another emulsion of

an anionic body lotion without the active ingredient was also

prepared. The rats (5 per sex per dose group) were dosed at a

volume of 20 mL of solution per kilogram of body weight via

a single oral gavage dose. The rats were allowed food and water

ad libitum and were observed for 14 days.

No mortalities or treatment-related effects were observed.

The acute oral LD50 was greater than 2000 mg of lotion per

kilogram of body weight for both lotions in rats.29

The acute oral toxicity of a generic shampoo containing

100 ppm MIT was tested on Crj:CD(SD)IGS rats using

the same protocol as described in the previous study.30 No

mortalities were observed in either test group. Half of the

animals in both dose groups had loose, muddy, or jelly-like

stools from 2 hours after dosing. The changes in the stools were

attributed to the generic shampoo and not to MIT. No other

treatment-related effects were observed. The acute oral LD50

was greater than 2000 mg of shampoo per kilogram of body

weight for both shampoos in rats.

Table 6. Acute Toxicity of MIT in Rats and Mice

Concentration of MIT Dose Range No. of Animals and Type Results
Reference

No.

Oral—rats
99.7% 75-300 mg a.i./kg 36 male and 24 female

Crl:CD BR rats
LD50 ¼ 235 mg a.i./kg males;
183 mg a.i./kg females

27

9.69% in formulation 1000-5000 mg/kg of
formulation

24 male and 18 female
Crl:CD BR rats

LD50 ¼ 274.6 mg a.i./kg males;
105.7 mg a.i./kg females

28

100 ppm tested in a lotion
at a 1:9 dilution

0 (vehicle control) and
2000 mg/kg of
formulation

10 male and 10 female
Crj:CD(SD)IGS rats

LD50 >2000 mg formulation/kg
for both sexes

29

100 ppm tested in a
shampoo at a 1:9 dilution

0 (vehicle control) and
2000 mg/kg of
formulation

10 male and 10 female
Crj:CD(SD)IGS rats

LD50 >2000 mg formulation/kg
for both sexes

30

51.4% 180-300 mg a.i./kg 18 male and 18 female
Crl:CD BR rats

LD50 ¼ 232-249 mg a.i./kg males;
120 mg a.i./kg females

32

Oral—mice
97.5% 150-250 mg/kg 18 male and 18 female

Crl:CD-1(ICR) BR mice
LD50 ¼ 167 mg/kg for both sexes 33

Dermal—rats
97.5% 100-400 mg a.i./kg 24 male and 18 female

Crl:CD BR rats
LD50 ¼ 242 mg a.i./kg for both sexes 35

9.69% 193.8-484.5 mg a.i./kg 18 male and 18 female
Crl:CD BR rats

LD50 >484.5 mg/kg for both sexes 36

Inhalation—rats
97.8% 0.046-2.09 mg a.i./L 30 male and 30 female

Crl:CD BR rats
LC50 ¼ 0.11 mg a.i./L combined 37

53.52% 0.15-0.68 mg a.i./L 20 male and 20 female
Crl:CD BR rats

LC50 ¼ 0.35 mg a.i./L 38,39

Inhalation—mice
98.6% 3.12-157 mg/L 36 male Crl:CFW(SW)BR mice RD50 > 157 mg/L 40

a.i., active ingredient; LC50, mean lethal concentration; LD50, mean lethal dose; RD50, 50% respiratory rate decrease.
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The acute oral toxicity of a high-SPF sunscreen containing

100 ppm MIT was tested on Crj:CD(SD)IGS rats using the

same protocols as described in the previous 2 studies.31 No

mortalities or treatment-related effects were observed in either

test group. The acute oral LD50 was greater than 2000 mg of

sunscreen per kilogram of body weight for both sunscreens in

rats.

An acute oral toxicity study using Crl:CD BR rats tested

MIT at 51.4%.32 The MIT was diluted in distilled water and the

solution was administered to the rats at a volume of 10 mL of

solution per kilogram of body weight via a single oral gavage

dose in dose groups receiving 150 to 300 mg of a.i. per

kilogram of body weight. Following dosing, the rats were allowed

food and water ad libitum and were observed for 14 days.

In male rats, 4 of 6, 1 of 6, and 6 of 6 of the 180-, 225-, and

300-mg/kg dose groups, respectively, died by day 6 of the

study. In the females, 4 of 6, 5 of 6, and 5 of 6 of the 150-,

180-, and 225-mg/kg dose groups, respectively, also died by

day 6.

Clinical signs of toxicity were observed but surviving ani-

mals recovered by day 7 and had normal body weight changes.

At necropsy, animals that died during the study had gastroin-

testinal (GI) changes (no details were available) and surviving

animals had no gross changes.

The LD50 was 232 to 249 mg of a.i. per kilogram of body

weight (95% CI, 176-306 mg of a.i. per kilogram of body

weight) and 120 mg of a.i. per kilogram of body weight

(95% CI, 79-182) in male and female rats, respectively.32

MIT—mice. An acute oral toxicity study in Crl:CD-1(ICR)

BR mice tested MIT at 97.5%.33 The MIT was diluted in dis-

tilled water, and the solution was administered to the mice at

a volume of 10 mL of solution per kilogram of body weight via

a single oral gavage dose. The dose groups were 150, 200, and

250 mg/kg body weight. There were 6 of each sex in each dose

group (body weight range, 29-34 g males, 23-29 g females).

The mice were observed for 14 days and were allowed food and

water ad libitum.

All mice in the 250-mg/kg dose group died before the

end of the observation period, and 2 of 6 of each sex in the

150-mg/kg dose group and 4 of 6 males and 5 of 6 females in

the 200-mg/kg dose group died before the end of the study.

Clinical signs of toxicity were observed in both sexes in all

dose groups started at 1 hour after dosing but resolved in sur-

viving animals by day 2. No effects on body weight were

observed. At necropsy, animals that had died during the study

had GI changes (no details were available) and surviving ani-

mals had no gross changes.

The LD50 for male and female mice was 167 mg/kg body

weight (95% CI, 137-187 mg/kg).33

N-methyl-malonamic acid—rats. The effects of the MIT

metabolite NMMA (100%) were studied in an acute oral study

using rats (strain not specified).34 The rats were divided into

3 dose groups with 6 of each sex in the 1000-, 2500-, and

5000-mg/kg dose groups. NMMA was diluted in 0.5%

methylcellulose and administered by a single oral gavage. The

rats were allowed food and water ad libitum and were observed

for 14 days.

In the 5000-mg/kg dose group, 5 of 6 males and 4 of 6

females died before the end of the observation period. One

male and 1 female died in the 2500-mg/kg dose group.

Clinical signs of toxicity were observed. At necropsy of the

decedents, mucosal congestion, petechial hemorrhage, and GI

tract irritation were observed. No clinical signs of toxicity or

gross changes at necropsy were observed in rats in the 1000-

or 2500-mg/kg dose group.

The calculated LD50 in males was 3550 mg/kg body weight

(95% CI, 2649-4787 mg/kg), and the calculated LD50 in

females was 4100 mg/kg body weight (95% CI, 2808-5986

mg/kg).34

Acute Dermal Toxicity
MIT—rats. The acute dermal toxicity of 97.5% MIT was

studied in Crl:CD BR rats.35 The rats were divided into 4 dose

groups with 6 of each sex in the 100-, 200-, and 400-mg/kg

dose groups and 6 males in the 300-mg/kg dose group. MIT

was administered undiluted in a single 24-hour occluded topi-

cal application on shaved intact skin of the trunk, and the rats

were observed for 14 days before necropsy.

In the male rats, 5 of 6 of both the 300- and 400-mg/kg dose

groups died during the observation period. In females, 3 of 6 of

the 200-mg/kg dose group and 6 of 6 of the 400-mg/kg dose

group died during the observation period.

Clinical signs of toxicity were noted in all dose levels

and both sexes beginning on day 1. Surviving rats recovered

by day 5. Body weight gains decreased in surviving rats of

both sexes in the 200-mg/kg and higher dose groups com-

pared with historical controls. Blanching, edema, darkened

areas, eschar, sloughing, scabbed areas, and desiccation

were observed in both sexes in all dose groups throughout

the observation period. Rats that died during the study had

GI changes at necropsy, whereas surviving rats had no gross

changes.

The acute dermal LD50 for 97.5% MIT was calculated to be

242 mg/kg body weight (95% CI, 192-294 mg/kg) in male and

female rats.35

In another acute dermal toxicity study by Rohm & Haas,36

MIT at 9.69% in Neolone 950 was tested on Crl:CD BR rats.

The dose groups were 193.8, 339.2, and 484.5 mg of a.i. per

kilogram of body weight (6 of each sex in each dose group).

The test substance was administered undiluted by a single

24-hour occluded topical application on shaved intact skin of

the trunk (area ¼ 6 cm � 6-7 cm) and the rats were observed

for 14 days.

There was no mortality during the observation period.

Scant feces were observed in females of the 339.2-mg/kg and

484.5-mg/kg dose groups on days 2 and 3 and in 1 male in the

484.5-mg/kg dose group on day 3. Skin effects noted through

the observation period included pocketing edema/edema,

erythema, blanching, desiccation, darkened or reddened area,
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scabs, eschar, and/or sloughing. No changes in body weight or

gross changes at necropsy were observed in any of the rats.

The acute dermal LD50 for 9.69% MIT was determined to be

greater than 484.5 mg/kg body weight in male and female

rats.36

Acute Inhalation Toxicity
MIT—rats. An acute inhalation toxicity study of 97.8% MIT

was performed on 60 Crl:CD BR rats (30 of each sex) by Rohm

& Haas.37 The test material was diluted 1:1 wt/wt with tap

water and the rats were exposed (groups of 6 males and 6

females) for 4 hours, nose-only in exposure chambers, to con-

centrations of 0.046, 0.012, 0.15, 1.07, and 2.09 mg/L.

In the 1.07- and 2.09-mg/L dose groups, all males died and

half of the females died. In the 0.150-mg/L dose group, half of

the males died and 5/6 females died. No deaths were observed

in the 0.012-mg/L dose group and 1 male died in the 0.046-mg/L

dose group. Most of the deaths occurred during the exposure.

Clinical signs of toxicity were observed. No exposure-

related effects on body weight gain were noted in surviving

rats. Necropsies of all rats showed signs of slight to severe red-

ness in all lobes of the lung, scattered incidences of red pinpoint

foci on the lungs, and gas-filled stomachs.

The combined LC50 was 0.11 mg MIT/L (95% CI, 0.07-0.25

mg/L).37

In another acute inhalation toxicity study reported by Rohm

& Haas,38,39 40 Crl:CD BR rats were exposed to 53.52% MIT.

There were 10 animals (5 of each sex) in each of the following

dose groups: 0.15, 0.25, 0.47, and 0.68 mg of a.i. per liter. The

rats were exposed for 4 hours by nose only using a glass nebu-

lizer in an exposure chamber.

No deaths were observed in the 0.15-mg/L dose group. In

the male rats, 2 of 5, 1 of 5, and 5 of 5 died in the 0.25-,

0.47-, and 0.68-mg/L dose groups, respectively. In the female

rats, 3 of 5, 3 of 5, and 4 of 5 died in the 0.25-, 0.47-, and

0.68-mg/L dose groups, respectively.

Rats were observed for clinical signs of toxicity after

removal from the exposure chamber through day 6. Clinical

signs of toxicity were observed.

Necropsies of rats that died during the exposure and obser-

vation periods revealed pale and/or reddened lungs, distended

intestines, and/or wet muzzle. No gross changes were observed

in rats that survived the exposure and observation periods.

Body weight gain was decreased 25% to 39% in females

exposed to 0.25 mg/L and above during the 14-day observation

period; there was no effect on body weight in males during the

same observation period.

The combined LC50 for MIT was 0.35 mg/L (95% CI,

0.27-0.45 mg/L).38,39

MIT—mice. The irritation effects of 98.6% MIT on the upper

respiratory tract were studied in 36 male Crl:CFW(SW)BR

mice. There were 4 males in each of the following dose groups:

3.12, 6.76, 10.5, 27.8, 64.6, 74.9, 90.7, 92.2, and 157 mg/L. The

mice were exposed for 10 minutes to the atomized test material

(particle diameter not reported) in 3.5-L exposure chambers.

Respiratory rates were monitored before, during, and after the

exposure, and the average respiratory rates and percentage

depression of the rates were calculated. The percentage

decrease in respiratory rate was 25% in the 3.12-mg/L group

and 44% in the 157-mg/L group, with the greatest depression

of 47% occurring in the 74.9-mg/L group. The RD50 was greater

than 157 mg/L. The decreases in respiratory rates equated to

moderate responses for sensory irritation according to the

American Standard Test Method (ASTM) E981-84.40

Subchronic Oral Toxicity
MIT—rats. In a 3-month study reported by Rohm & Haas,41

97.5% MIT was administered diluted in the drinking water of

Crl:CD BR rats. MIT was administered at the concentrations

of 0, 75, 250, or 1000 ppm, which was equivalent to 0, 6.5 to

9.8, 19 to 25, and 66 to 94 mg of MIT per kilogram of body

weight per day, respectively. The dose groups consisted of 10

males and 10 females each. The rats were observed daily, and

body weights and water and feed consumption were recorded

weekly. Detailed clinical observations were performed weekly.

During the 13th week of dosing, a Functional Observational

Battery (FOB) was performed on all animals at all dose levels.

During the last week of dosing, the motor activity of all animals

was assessed using an infrared motion activity cage system. All

rats received an ophthalmoscopic examination at the end of the

treatment period. The rats were killed and necropsied at the end

of the study after samples for hematologic and clinical chemis-

try measurements were collected.

There was no mortality. Likewise, there were neither sys-

temic nor neurological effects in any of the rats during the treat-

ment period. No treatment-related gross lesions, ocular disease,

or changes in hematology and clinical chemistry were

observed. There were no treatment-related effects on any organ

weights and no microscopic pathological effects on any tissues

or organs were observed at any dose level. No treatment-related

effects on body weight in male and female rats were observed

at doses up to and including 250 ppm.

Treatment-related decreases in cumulative body weight

gains were observed in males and females at 1000 ppm for the

entire treatment period. Treatment-related decreases in feed

consumption in males were also observed in this dose group,

and decreases in water consumption were observed in females

of the 250- and 1000-ppm dose groups and in males of all dose

groups.

The authors suggested that the decreases in body weight,

feed, and water consumption were likely due to unpalatability

of the drinking water and the refusal of the rats to drink it. The

no observed adverse effect level (NOAEL) for the study was

considered to be 1000 ppm (66-94 mg of a.i. per kilogram of

body weight per day).41

MIT—dogs. In a study by Rohm & Haas,42 groups of 4 male

and 4 female Beagle dogs were fed diets containing 0, 100/130,

400, or 1500 ppm MIT (51.4% a.i.) for 3 months. These doses
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equated to 3, 10, and 41 mg of a.i. per kilogram of body weight

per day, respectively. Lower than acceptable recovery in the

100-ppm dose group caused the researchers to increase the dose

level to 130 ppm starting week 4. The dogs were observed at

least twice daily, and clinical examinations were conducted

weekly on all dogs. Body weight and feed consumption were

measured throughout the course of the study. Prior to treatment

and at study conclusion, ophthalmoscopic and physical exams

were conducted. Hematologic and clinical chemistry measure-

ments were collected prior to treatment, at week 7, and at study

termination. At study termination, all dogs were killed and

necropsied. Tissues and select organs underwent histopatholo-

gical evaluation.

There was no mortality, and there were no treatment-related

clinical effects or histopathological findings in any of the dogs.

Treatment-related decreases in body weight and cumulative

body weight gain were observed in dogs of both sexes exposed

to 1500 ppm MIT in week 1 compared with controls, but

weight gain was comparable to controls from week 3 (males)

and week 4 until treatment conclusion. Feed consumption was

also decreased in this dose group in both sexes for the entire

treatment period but not always in a statistically significant

manner.

In the 1500-ppm group, non–statistically significant

changes were observed in some hematology parameters in both

sexes. There were no treatment-related effects on organ

weights. No treatment-related effects were observed in micro-

scopic pathology.

The authors concluded that the no observed effect level

(NOEL) was 400 ppm MIT (10 mg of a.i. per kilogram of

body weight per day), and the NOAEL was 1500 ppm MIT

(41 mg/kg/d).42

NMMA. —rats. In a subchronic oral toxicity study,43 45

male and 45 female Charles River CD rats were divided into

3 dose groups that received control vehicle, 33 to 66 ppm

NMMA and 6.7 to 13.4 ppm malonic acid (MA), or 110 to

220 ppm NMMA and 22 to 44 ppm MA. The rats received the

treatment in their diets for 3 months.

One control rat had slight alopecia. A few rats in each

treated dose group showed slight alopecia or reddened raw or

scabbed skin. No other clinical signs were observed. No effects

on body weight, food consumption, hematology, clinical chem-

istry, urinalysis, ophthalmology, or gross pathologic changes

were observed.

There was 1 death in a low-dose female and 1 death in a

high-dose male (no further details provided).43

NMMA. —dogs. In a subchronic oral toxicity study,44 24

male and 24 female Beagle dogs were divided into 3 dose

groups that received control vehicle, 150 ppm NMMA and

30 ppm MA, or 500 ppm NMMA and 100 ppm MA. The dogs

received the treatment in their diets for 3 months. No systemic

toxicity was observed at doses up to 16 to 17 mg/kg/d NMMA

when in combination with 3.2 to 3.4 mg/kg/d MA.

Ocular Irritation

Smith and Alexander45 presented a study in which the ocular

irritancy potential of CMIT/MIT, MIT, and CMIT/1,2-

benzisothiazolin-3-one (BIT) was tested using bovine corneas

at in-use concentrations, 100� in-use concentrations, and neat

concentrations. The corneal anterior surface was then treated

for 10 minutes with either 0.9% NaCl (control solution),

absolute ethanol, or the test compound (3 or 4 per treatment).

The corneal permeability was measured using a fluorescein

dye solution. The in vitro score (IVS) was then calculated

from the opacity and absorbance measurements and assessed

according to the prediction model created by Gautheron et al.46

The neat concentrations of the isothiazolinones had mean

IVS greater than 3, which is the threshold score for irritation.

The neat formulations of MIT/BIT and CMIT/MIT had greater

eye irritation potentials than MIT (21.8 + 3.2, 16.8 + 7.3, and

9.3 + 5.3, respectively). All the formulations were mild eye

irritants according to the model.45

Rohm & Haas47 predicted that MIT at 50% in water would

be corrosive to the eyes of rabbits, based on findings in an ear-

lier dermal toxicity study.48

In an ocular irritation study49 in 6 male New Zealand White

rabbits, 9.69% MIT in Neolone 950 preservative was instilled

into the conjunctival sac of 1 eye of each rabbit. The test sub-

stance was diluted in distilled water as a 100-ppm solution of

the active ingredient prior to instillation. Both rabbit eyes were

rinsed with saline for 1 minute at 24 hours after application.

The cornea, iris, and conjunctiva were observed at 1, 24, 48,

and 72 hours after application.

No adverse effects were observed, and the authors con-

cluded that 100 ppm MIT in Neolone 950 preservative is non-

irritating to rabbit eyes.49

Rohm & Haas,50 formulated Neolone 950 in a generic sham-

poo to have a final concentration of 100 ppm (0.01%) a.i. The

shampoo was studied for eye irritation in Kbl:JW male rabbits.

Six of the rabbits were dosed with the shampoo containing MIT

in a single instillation of 0.1 mL into the conjunctival sac of 1

eye of each rabbit (the other eye of each rabbit served as an

untreated control), whereas 7 rabbits were dosed with a generic

shampoo that did not contain MIT (1 treated eye and 1

untreated eye per rabbit). Twenty to 30 seconds following the

instillation of the test substances, the eyes of half the animals

in each group were rinsed with lukewarm water; the remaining

eyes were unwashed. The cornea, iris, and conjunctiva were

observed at 1, 24, 48, 72 hours, and once daily for 21 days post

application.

Mild to moderate primary irritant effects were observed in

the eyes of rabbits treated with both shampoo formulations, and

primary ocular mucosal irritation was lower in the rabbits

with washed eyes. It was concluded that a shampoo containing

100 ppm MIT is not an eye irritant.50

In a similar study,51 Neolone 950 was formulated in an anio-

nic body lotion to have a final concentration of 100 ppm

(0.01%) a.i. The lotion was studied for eye irritation in Kbl:JW

male rabbits. Six rabbits were dosed with 0.1 mL of the lotion
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containing MIT, whereas another 6 rabbits were dosed with

lotion that did not contain MIT. Application and eye-washing

protocol were the same as in the previous study.

No adverse effects were observed in the cornea, iris, con-

junctivae, or other ocular structures in either lotion formulation

in washed and unwashed eyes. The authors considered an anio-

nic lotion containing 100 ppm MIT to be nonirritating.51

Rohm & Haas52 used same protocols as the previous 2 stud-

ies to study the effects of a high-SPF sunscreen formulated

from Neolone 950 to have a final concentration of 100 ppm

(0.01%) a.i. Again, 6 male Kbl:JW rabbits were dosed with

0.1 mL of a formulation containing MIT, whereas another 6

were dosed with a formulation that did not contain MIT.

No adverse effects were observed in the cornea, iris, con-

junctivae, or other ocular structures in either sunscreen formu-

lation in washed and unwashed eyes. It was concluded that a

high-SPF sunscreen containing 100 ppm MIT is not an eye

irritant.52

Dermal Irritation

Dermal irritation studies for MIT are summarized in Table 7.

All percentages and dose levels are in terms of a.i.

Rohm & Haas48 performed a dermal irritation study in 7

male New Zealand White rabbits using 97.8% MIT. To the

shaved intact skin of the rabbits’ trunks, 0.5 mL of the test sub-

stance was applied using a 1-inch-square gauze-lined adhesive

bandage. The patch site was semi-occluded for 1- and 4-hour

exposures and uncuffed for a 3-minute exposure. One rabbit

was tested for the 4-hour exposure and another was tested

on 2 separate sites for a 1-hour exposure (on right side) and a

3-minute exposure (on left side). An additional 5 rabbits were

tested for 3-minute exposures. The skin was evaluated for irri-

tation at 1, 24, 48, and 72 hours after the patch was removed

and again at 7 and/or 14 days after patch removal.

During the study, no mortality or signs of systemic toxicity

were observed. On the sites exposed to the test substance for 1

and 4 hours, concave eschar was observed on days 7 and 14,

respectively. The 3-minute exposure on the rabbit with dual site

applications resulted in very slight to well-defined erythema

through day 7 and slight edema at the 1-hour observation. The

rabbits with just the 3-minute exposure sites had very slight to

well-defined erythema through the 48-hour observation. Very

slight to moderate edema was observed at 1 and 24 hours. One

rabbit had very slight to slight edema at the 48- and 72-hour

observations. It was concluded that undiluted MIT is corrosive

to the skin after a 1-hour exposure.48

In another dermal irritation study, 6 male New Zealand

White rabbits were exposed to MIT at 9.69% in Neolone

950. The test substance was diluted in distilled water as a

100-ppm solution of a.i. The solution was applied by a single

application of 0.5 mL on a 1-inch-square gauze-lined adhesive

bandage to shaved intact skin of the rabbits’ trunks. The patch

sites were semi-occluded for an exposure duration of 4 hours.

After patch removal, the sites were observed for signs of irrita-

tion 1, 24, 48, and 72 hours after patch removal. No mortality or

clinical signs of systemic toxicity were observed. No erythema

or edema was observed, and the Primary Irritation Index was

0.0. The authors concluded that 100 ppm MIT (from 9.69%
in Neolone 950) is nonirritating to rabbit skin.53

Another dermal irritation study using New Zealand White

rabbits used 10% MIT in Neolone 950.54 Six male rabbits

received 0.5 mL of the test substance diluted in water and

applied at concentrations of 100, 300, and 1000 ppm a.i. The

dilutions were applied for 14 consecutive days on 3 shaved

areas of the backs of the rabbits (2.5 � 2.5 cm per area). Sites

were not occluded and were observed for erythema, eschar, and

edema formation according to the Draize criteria. The rabbits

were observed for clinical signs daily through the completion

of the study. No dermal abnormalities or abnormal clinical

signs were observed in the rabbits at any time during the study,

and it was concluded that 100, 300, and 1000 ppm a.i. did not

possess any cumulative skin irritant effects.

In an in vitro study by Rohm & Haas,55 EpiDerm skin con-

structs were exposed to MIT at either 51.5% or 1.7%. Positive

and negative controls were also used. Fifty microliters were

applied to 4 skin constructs in a manner so that the upper sur-

face was covered. Tissue viability was determined using MTT

(3[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bro-

mide). It was concluded that 51.5% MIT was noncorrosive

after the 3-minute exposure but corrosive at the 60-minute

exposure; 1.7% MIT was noncorrosive in both exposures.

Dermal Sensitization

Dermal sensitization studies for MIT are summarized in Table

7. All percentages and dose levels are in terms of a.i.

MIT and CMIT—in vitro. Alvarez-Sánchez et al56 studied the

reactivity of CMIT and MIT with a model peptide derived from

the N-terminal chain of globine (without cystine) and

glutathione.

Both CMIT and MIT (concentrations not reported) were

found to be highly reactive toward glutathione used as a thiol

nucleophile model and a mimic of the detoxication process.

In the model peptide reaction, MIT did not react with histidine

and lysine to form stable adducts.

MIT and CMIT—in vivo. Bruze et al57 assessed the active

ingredients of Kathon CG, CMIT, and MIT for sensitization

potential and cross-reactivity patterns in a modified Buehler

guinea pig maximization test using female Dunkin-Hartley gui-

nea pigs. The dose groups were composed of the following: 6

positive controls (2-methylol phenol), 12 negative controls

(vehicle only), and 24 test animals in each series (1 series for

CMIT and 2 series for MIT). Of each group of 24 animals,

12 were challenged on both patches with test chemical and

12 were challenged with 1 patch of test chemical and the other

of vehicle.

The guinea pigs were induced with CMIT and MIT

with intradermal injections of equimolar concentrations

(6.7 � 10–3 mole � 1–1; CMIT 0.100% wt/vol and MIT
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0.076% wt/vol). Twenty-four hours prior to topical sensitiza-

tion, animals were treated with sodium lauryl sulfate (SLS)

solution (200 mL). For the topical sensitization, 200 mL of the

suspected sensitizing test chemical in 99.5% ethanol (0.050%
wt/vol for CMIT and 0.038% wt/vol for MIT) was placed on

a 2� 4-cm patch at equimolar concentrations (3.3� 10–3 mole

� 1–1) and applied under occlusion for 48 hours.

The challenge procedure occurred 2 weeks after the second

sensitization. Thirty microliters of test solution was placed on

one or both patches that were applied to the right flank of the

animals and occluded for 24 hours. The test chemicals were

at equimolar concentrations (1.3 � 10–3 mole � 1–1; 0.020%
wt/vol for CMIT and 0.015% for MIT). Test sites were evalu-

ated after the removal of the patches. Animals received an

intradermal injection of 0.1 mL of the solution used in the

induction 2 days after the first challenge. Five days later, the

animals were rechallenged with CMIT or MIT at the same con-

centrations and procedures as used in the challenge. The first

MIT series was not rechallenged.

In the first and second MIT series, 4 of 24 (nonsignificant)

and 11 of 24 (significant) guinea pigs had a positive reactions

to MIT. In the CMIT series, 19 of 24 animals had positive reac-

tions. No controls reacted in either MIT series and 1 reacted in

the CMIT series. In the rechallenge, 8 of 24 MIT-sensitized

animals were positive to MIT and 3 of 24 were positive to

CMIT. In the CMIT-sensitized rechallenge, 1 of 24 was posi-

tive to MIT and 12 of 24 were positive to CMIT. Positive reac-

tions were observed in 4 of 12 controls in the CMIT-sensitized

rechallenge with CMIT. No reactions were observed in the

MIT-sensitized controls. No cross-reactivity was observed with

MIT after sensitization with CMIT; however, cross-reactivity

occurred with CMIT following sensitization with MIT.

The authors determined that CMIT is a potent sensitizer but

MIT is a weak sensitizer.57

In a follow-up guinea pig maximization study of the Kathon

CG preservative contaminant 4,5-dichloro-2-methyl-4-

isothiazolin-3-one, female Dunkin-Hartley guinea pigs were

rechallenged with 0.015% MIT along with other constituents

of Kathon CG in the manner described in the previous study.

No positive reactions to MIT were observed in the test animals

(n ¼ 24) or in the control animals (n ¼ 12).5

The sensitization potential of MIT (99.8% a.i.) was evalu-

ated using the Buehler method.58 Ten 6-hour induction doses

of 0, 1000, 5000, 15 000, or 30 000 ppm in distilled water were

applied (0.4 mL) on the shaved intact flank skin of Hartley gui-

nea pigs (5 per sex in each dose group). Three doses per week

were given for 3.5 weeks and the patches were occluded. After

the last induction patch, the animals were allowed to rest for

2 weeks before the challenge application.

At challenge, the guinea pigs were patched with 1000, 5000,

or 15 000 ppm in distilled water. The sites were evaluated for

erythema 24 and 48 hours after the challenge application.

No incidences of erythema were observed in the controls

during challenge. One guinea pig that was induced with

15 000 ppm MIT was observed with erythema at the 1000-

ppm MIT challenge. The other induction dose groups had no

observable erythema incidences with this challenge. In the

5000-ppm challenge, 2 of 10, 1 of 10, and 2 of 10 guinea

pigs had observable erythema in the 5000-, 15 000-, and

30 000-ppm dose induction groups, respectively. No erythema

was observed in the 1000-ppm MIT dose group for this

challenge group. For the 15 000-ppm challenge, 1 of 10, 6 of

10, 3 of 10, and 5 of 10 guinea pigs had observable erythema

in the 1000, 5000-, 15 000-, and 30 000-ppm MIT dose

induction groups, respectively.

It was concluded that MIT is a sensitizer at concentrations

greater than or equal to 1000 ppm MIT.58

Rohm & Haas59 used a maximization test to evaluate the

sensitization potential of MIT (99.7% pure). Sixty female

Hartley guinea pigs were used in the study with 20 in each

induction dose of 550 or 800 ppm MIT and 10 in a positive

control group (25% hexylcinnamaldehyde [HCA] in mineral

oil) and 10 in a negative control (water) group. During the

induction phase, the guinea pigs received 6 intradermal injec-

tions followed 1 week later by a single (0.1 mL) 24-hour topical

(occluded) dose. Following a 2-week resting phase, the guinea

pigs were challenged with 550 or 800 ppm MIT and rechal-

lenged with 1000 ppm MIT. The sites were evaluated for

erythema reactions 24 and 48 hours after the challenge patch.

No dermal reactions were observed in the 550-ppm

dose challenge group and only 1 reaction was observed in the

800-ppm dose challenge group after 48 hours. During

the rechallenge, less than 30% of the animals exhibited a grade

1 erythema at either observation period.

The authors concluded that MIT is not a sensitizer at con-

centrations up to 800 ppm.59

The sensitization potential of MIT was evaluated using the

open epicutaneous test.60 Groups of 8 female Hsd Poc:DH

[SPF] guinea pigs received topical doses of 0.1 mL of 0.15%,

0.25%, 0.4%, 0.6%, 1.5%, or 18% (wt/vol) MIT. Another 2

groups of 8 guinea pigs received positive control (1-chloro-

2,4-dintrobenzene) or negative control (ethanol/water). The

guinea pigs received a total of 20 doses over 4 consecutive

weeks.

Three days after the last induction application, the guinea

pigs were challenged with 0.15%, 0.25%, 0.4%, 0.6%, 1.5%,

or 18% MIT at a volume of 0.025 mL. A rechallenge occurred

14 days after the challenge, with 0.4%, 0.6%, 1.5%, and 18%
MIT applied to groups 3 to 6 in parallel; 0.25%, 0.6%, 1.5%,

and 18% applied to group 7; 0.15%, 0.6%, 1.5%, and 18%
applied to group 8; and 0.15%, 0.4%, 1.5%, and 18% applied

to both control groups in parallel. After an exposure period

of 6 hours, the application sites were washed with water. The

skin was evaluated for irritation effects at 24, 48, and 72 hours

after the first and second challenge applications.

In the first challenge, 1 of 8, 3 of 8, 1 of 8, 1 of 8, and 4 of

8 guinea pigs had signs of allergic reaction during the observa-

tion periods in the 0.25%, 0.4%, 0.6%, 1.5%, and 18% MIT

dose induction and challenge groups, respectively. In the

rechallenge, 2 of 8 guinea pigs in the 1.5% dose induction

group had signs of allergic reaction to the 18% rechallenge

application and 1 of 8 and 6 of 8 guinea pigs in the 18% dose
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induction group had signs of allergic reaction to the 1.5% and

18% rechallenge applications, respectively. Two reactions in

the 0.4% induction group to the 0.4% rechallenge application

were considered isolated occurrences.

The study concluded that MIT is a sensitizer at concentra-

tions greater than or equal to 1.5%.60

Local Lymph Node Assay

Local lymph node assay (LLNA) studies are summarized in

Table 7 and described below. All percentages and dose levels

are in terms of a.i.

MIT and CMIT. Potter and Hazelton61 reported the sensitiza-

tion potentials of 99.8% MIT and greater than 99.9% CMIT

using CBA/J mice (sex not reported) in an LLNA. There were

6 mice in each of the MIT dose groups, the CMIT dose groups,

an acetone vehicle control group, and a water-vehicle control

group. The mice received 25 mL of topical solution consisting

of 0, 1000, 10 000, or 30 000 ppm MIT in acetone or 50, 100,

500, or 1000 ppm CMIT in acetone on each ear for 5 consecu-

tive days. Mice treated with the respective isothiazolinone in

water received 3 mL on each ear also for 5 consecutive days.

On day 5 of the study, the mice were injected with 20 mCi of
3H-thymidine in the tail vein and were killed 5 hours later. The

auricular lymph nodes were removed and the lymph node cells

were precipitated with 5% trichloroacetic acid (TCA). Quanti-

fication of the [3H]DNA was performed by liquid scintillation.

The stimulation indexes (SIs) were determined to be less

than 1.0, 2.3, and 3.2 for the 1000-, 10 000-, and 30 000-ppm

MIT dose groups, respectively. The SIs for 50-, 100-, 500-, and

1000-ppm CMIT dose groups were 1.7, 3.8, 19.8, and 28.2,

respectively. The control groups had SI of 1.0 each. The authors

concluded that MIT is a sensitizer at concentrations greater than

10 000 ppm (>250-750 mg of a.i. per square centimeter). The

EC3 was calculated to be 25 150 ppm a.i. (628 mg of a.i. per

square centimeter).61

Rohm & Haas62 investigated the sensitization potential of

10.37% MIT in Neolone 950 using female CBA/J mice in an

LLNA. There were 5 mice in each of the 6 dose groups and the

positive and negative (acetone/olive oil 4:1) control groups.

The mice received 25 mL of topical solution consisting of

0%, 0.15%, 0.45%, 0.76%, 1.35%, 1.57%, or 1.80% MIT or

positive control on each ear for 3 consecutive days. On day 6

of the study, the mice were injected with 20 mCi of 3H-

thymidine and killed 5 hours later.

The SIs were determined to be 2.08, 2.40, 2.23, 6.64, 4.73,

and 6.62 for the 0.15%, 0.45%, 0.76%, 1.35%, 1.57%, and

1.80% MIT dose groups, respectively. It was concluded that

MIT is a sensitizer at concentrations greater than 0.76%. The

EC3 was calculated to be 0.86%.62

In an LLNA and cytokine profiling study performed by

Basketter et al,63 19.7% MIT was tested for allergenic hazard

along with formaldehyde, glutaraldehyde, and CMIT/MIT.

In the LLNA portion of the study, female CBA/J mice (aged

6-12 weeks) were divided into groups of 4 mice for each MIT

dose group and the vehicle control groups. The mice received

25 mL of topical solution consisting of 0%, 0.049%, 0.099%,

0.197%, 0.493%, or 0.985% MIT in acetone/olive oil (4:1 ratio)

or 0%, 0.99%, 1.97%, 4.93%, or 9.85% MIT in propylene

glycol on each ear for 3 consecutive days. Five days after the

first treatment, the mice were injected with 20 mCi of [3H]

methyl thymidine and killed 5 hours later.

The SIs were determined to be 1.0, 1.5, 1.5, 1.8, 3.8, and 2.5

for the 0%, 0.049%, 0.099%, 0.197%, 0.493%, or 0.985% in

acetone/olive oil MIT dose groups, respectively. The SIs were

1.0, 1.9, 2.6, 7.0, and 7.6 for 0%, 0.99%, 1.97%, 4.93%, or

9.85% for propylene glycol MIT dose groups, respectively. The

authors noted that in the 0.985% MIT acetone/olive oil dose

group, the SI value was reduced and likely reflects the skin irri-

tation observed at this concentration. No systemic toxicity was

observed. The EC3 was calculated to be 0.4% in the MIT solu-

tions with acetone/olive oil and 2.2% in the MIT solutions with

propylene glycol. It was concluded that MIT is a moderate skin

allergen.

The results of this LLNA were used to determine the con-

centrations used in the cytokine profiling study. In this portion

of the study, female Balb/c mice (number not reported)

received 50 mL of either 0.5% MIT (prepared in acetone/olive

oil), vehicle, 10% trimellitic anhydride (TMA; positive control

for respiratory allergen), or 1% 2,4-dinitrochlorobenzene

(DNCB; positive control for contact allergen) on shaved flanks

on days 0 and 5. Three further applications of 25 mL were made

to the dorsum of each ear on days 11, 12, and 13. The auricular

lymph nodes were removed aseptically (study day not

reported), and the lymph node cells were cultured with 20 mCi

of [3H] methyl thymidine to measure in vitro proliferation of

lymph node cells with or without T-cell mitogen.

The SI determined in the in vitro lymph node cell prolifera-

tion was 2.6. In the enzyme-linked immunosorbent assay

(ELISA), the level of cytokine production peaked between 96

and 120 hours for interferon (IFN)-g, interleukin (IL)-10, IL-

5, and IL-13 and at 24 hours for mitogen-induced IL-4. Positive

controls yielded anticipated results. The amounts of cytokine

produced at 96 hours in the 0.5% MIT dose groups were 2.5,

0.6, 0.9, 0.2, and 0.0 ng/mL for IFN-g, IL-10, IL-13, IL-5, and

IL-4, respectively. The authors concluded that MIT does not

have the cytokine profile typical of chemical respiratory aller-

gens and is not likely to have a significant potential to cause

sensitization of the respiratory tract.63

NMMA. The sensitization potential of NMMA, an MIT

metabolite, was studied in 25 female CBA/J mice (body weight

range, 18-23 g) in an LLNA.64 Five mice in each dose group

plus a positive control (HCA) received a 25-mL topical applica-

tion of vehicle (acetone/olive oil, 4:1); 3%, 10%, or 30%
NMMA; or 50% HCA to the dorsal surface of both ears once

daily for 3 days. After 2 days of rest, the mice were injected

with 3H-thymidine and killed 5 hours later.

The SI values were determined to be 0.81, 0.66, and 0.60 for

3%, 10%, and 30% NMMA, respectively. Results of the posi-

tive control were not provided. The authors concluded that
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NMMA does not induce hypersensitivity in mice in an LLNA

up to and including 30% concentration.64

Phototoxicity

Rohm & Haas65 used 10 female Hartley guinea pigs to evaluate

the phototoxicity potential of a preservative containing 9.5% to

9.9% MIT. Each guinea pig received 200 ppm MIT, distilled

water (vehicle control), and 1% 8-methoxypsoralen (8-MOP;

positive control) on 2 separate skin sites at a dose volume of

0.02 mL per site. Thirty minutes after application, the right

sides of the animals’ backs were covered with aluminum foil,

and the animals were irradiated with 10.0 to 11.9 J/cm2 long-

wavelength UVA from 6 fluorescent lamps (300-400 nm). The

skin sites were examined 4, 24, and 48 hours after the UV

irradiation.

No skin reactions to the UV irradiation were observed at the

sites treated with MIT or distilled water. The positive control

provided expected results. MIT was not phototoxic in this

study.65

Rohm & Haas66 conducted a photosensitization study of a

preservative containing 9.5% to 9.9% MIT using female

Hartley guinea pigs (body weight range, 322-377 g). The skin

on the back of the animals’ necks was first treated with 0.1 mL

of Freund’s complete adjuvant in distilled water (FCA-DW)

per site intradermally on the first day of induction. The skin

was then stripped with adhesive tape to produce slight

erythema, and the test area was treated with 0.1 mL each of

200 ppm MIT, distilled water (vehicle control), and 5.0% wt/vol

6-methylcoumarin (positive control).

Thirty minutes post application, the animals were irradiated

with 9.9 to 11.2 J/cm2 long wavelength UV from 6 fluorescent

lamps (300-400 nm). This procedure occurred once daily for 5

consecutive days.

Sixteen days after the first treatment, challenge applications

were made to the same sites with 0.02 mL each of 200 ppm

MIT, distilled water, and 1.0% wt/vol 6-methylcoumarin per

site. Thirty minutes after application, the right side of each ani-

mal’s back was covered with aluminum foil and the animals

were irradiated with 10.0 to 10.2 J/cm2 long wavelength UV.

The skin sites were examined 24 and 48 hours after the chal-

lenge irradiation.

No skin reactions were observed in the UV-irradiated and

nonirradiated sites treated with MIT and distilled water. Skin

reactions were observed at the sites treated with the positive

controls. It was concluded that 9.5% to 9.9% MIT is not a

photosensitizer at 200 ppm.66

Reproductive and Developmental Toxicity

The teratogenicity of MIT (51.4% a.i.) was evaluated by Rohm

& Haas67 using 100 Crl:CD(SD)IGS BR rats. Dose groups

were 0, 5, 20, or 60 mg (later reduced to 40 mg) per kilogram

of body weight per day and consisted of 25 mated female rats in

each dose group. The control was tap water. MIT was adminis-

tered by a daily single oral (intubation) dose on days 6 to 19 of

gestation, and the rats were killed and necropsied on gestation

day 20. Because of excessive toxicity in the 60-mg/kg/d dose

group, the dosage level of the high-dose group was lowered

to 40 mg/kg/d beginning sometime between gestation days 6

and 9.

Mortality occurred in 3 females of the 60/40-mg/kg/d dose

group between gestation days 8 and 15. Another 2 females of

this dose group were killed in extremis between gestation days

8 and 9.

Clinical signs of toxicity in these 5 rats were greater than

those observed in the surviving rats of the 60/40-mg/kg/d dose

group. At necropsy, this dose group had red areas in the gland-

ular portion of the stomach and lungs.

Treatment-related net body weight gain and food consump-

tion were noted in the 60-mg/kg/d dose group during

gestation days 6 to 9. No effects on body weight gain or food

consumption were observed in this group when the dose level

was reduced to 40 mg/kg/d, compared with controls. No

treatment-related effects on body weight parameters, gravid

uterine weight, and food consumption were noted in the 5- and

20-mg/kg/d dose groups.

No treatment-related effects on internal findings, numbers

of early or late resorptions, live fetuses per litter, fetal body

weight, or sex ratio were observed at any dose level. Intrauter-

ine growth and survival and viable litters were comparable with

the control group in all dose groups. Fetal external, visceral, or

skeletal malformations were observed in the control group

(3 fetuses) and in the 60/40-mg/kg/d dose group (1 fetus) and

were considered spontaneous in origin. No treatment-related

external, soft tissue, or head malformations, variation, or

developmental retardations were observed at any dose level.

The NOAEL for maternal toxicity was determined to be

20 mg/kg/d, and the NOAEL for developmental toxicity was

determined to be 40 mg/kg/d.67

In another teratogenicity study by Rohm & Haas,68 MIT

(51.4% a.i.) was tested using 100 New Zealand White rabbits.

There were 25 mated females in each dose group. The dose

groups were 0, 3, 10, and 30 mg/kg/d MIT, and the MIT was

administered as a daily single oral dose (intubation) during

days 6 through 28 of gestation. Tap water was used as the con-

trol. On day 29 of gestation, the rabbits were killed and Caesar-

ean sections were performed.

No treatment-related maternal effects were observed in the

3- and 10-mg/kg/d dose groups. One female in the 10-mg/kg/d

dose group was found dead on gestation day 19 from a

possible intubation error. In the 30-mg/kg/d dose groups,

maternal effects included decreased defecation and dark red

areas in the stomach. One female in the 30-mg/kg/d dose group

aborted on gestation day 25.

No treatment-related external, visceral, or skeletal malfor-

mations or developmental variations were noted at any dose

level. External malformations were observed in 2 fetuses in the

3-mg/kg/d dose group and 1 fetus in the 10-mg/kg/d dose group,

soft tissue malformations were noted in 1 fetus in the control

group and in 2 fetuses in each of the 3- and 10-mg/kg/d dose

groups, and skeletal malformations were observed in 3 and
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4 fetuses in the 3- and 10-mg/kg/d dose groups, respectively.

These malformations were considered to be spontaneous in

origin. Malformations were not observed in the 30-mg/kg/d dose

group.

The NOAEL for maternal toxicity was determined to be 10

mg/kg/d, and the NOAEL for developmental toxicity was

determined to be 30 mg/kg/d.68

A 2-generation reproduction toxicity test was used to eval-

uate the effects of MIT (51.4% a.i.) on Crl:CD IGS BR rats.69

There were 30 males and 30 females in each dose group. Doses

were 0, 50, 200, or 1000 ppm and equated to 0, 4 to 7, 15 to 19,

and 69 to 86 mg/kg/d in males and 0, 6 to 13, 22 to 26, and 93 to

115 mg/kg/d in females. The rats were administered the test

substance in drinking water, and F0 and F1 males and females

received the aqueous MIT solution ad libitum for at least

70 days prior to mating and through the mating, gestation, and

lactation cycles of the animals until the day they were killed.

All animals were observed twice daily for appearance and

behavior, and clinical observations, body weights, and water

and food consumption were recorded at regular intervals

prior to mating and during gestation and lactation. Offspring

(30 per sex per group) of the F0 animals were selected to make

up the F1 generation.

Females of the F0 and F1 generations were allowed to

deliver and rear their pups until lactation day 21. Litters were

observed daily for survival and any changes in appearance or

behavior. All pups received physical examinations on postnatal

days 1, 4, 7, 14, and 21. In both the F1 and F2 generations, 8

pups per litter (4 of each sex if possible) were selected on post-

natal day 4 to reduce variability among the litters. F1 animals

began to receive the test substance on postnatal day 22. Devel-

opmental landmarks were measured in the selected F1 rats, and

the anogenital distance was measured in F2 pups. Pups not

selected in the F1 generation and all F2 pups were necropsied

on postnatal day 21, and select organs were weighed. Parental

F0 and F1 rats received a complete gross necropsy upon the

completion of weaning of the F1 and F2 pups, and select organs

were weighed.

Sperm motility, morphology, and counts were evaluated in

all F0 and F1 males, and ovarian primordial follicle counts were

recorded for F1 females in the control group and in the high-

dose group. Microscopic examinations of select tissues from all

parental F0 and F1 rats and from parental rats that died or were

killed in extremis were conducted. Reproductive organs of

females that did not deliver in the low- and mid-dose groups

and their paired males were also examined microscopically.

There were no treatment-related deaths in any animals at

any dose level. Decreased water consumption was observed

in all males in the F0 generation and in F0 and F1 females of the

200- and 1000-ppm dose groups during gestation and lactation.

The authors speculated that the decrease in consumption was

likely attributable to an aversion to the taste or smell of the

water by the rats.

Decreased body weights and food consumption were noted

in the 1000-ppm dose group males and females and were likely

a result of the decreased water consumption. No clinical signs

or physical signs of toxicity were observed in any dose groups.

There were no treatment-related effects observed in the tissues

or reproductive organs of the F0 and F1 generation males and

females. No treatment-related effects were observed in F1 and

F2 pups.

It was concluded that MIT is not a reproductive toxicant

at the doses tested (up to 69-86 mg/kg/d in males and

93-115 mg/kg/d in females).69

Genotoxicity

Bacterial Assays
MIT. The mutagenicity of MIT (99.9% pure) was tested in

Ames assays using Salmonella typhimurium strains TA1535,

TA1537, TA98, and TA100. The assays were performed with

and without metabolic activation using Arochlor 1254 rat liver

extract (S9). The concentration ranges were 0.0001 to 0.25 mg

per plate for strains TA1535 and TA1537, 0.0001 to 1 mg per

plate for strain TA98, and 0.0001 to 100 mg per plate for strain

TA100. Positive controls were 2-anthramine for TA1535,

TA1537, and TA100 and 2-acetamidofluorene for TA98; neg-

ative control was distilled water. The positive controls gave

expected results. Inhibition of growth was observed in

TA100 at concentrations of 25 mg per plate or higher. MIT was

not mutagenic in this assay.70

In another gene mutation assay, MIT (97.5% a.i.) was tested

using S typhimurium strains TA1535, TA1537, TA98, TA100,

and TA102. The assays were performed with and without S9.

The test material was tested at the concentration range of 5

to 1000 mg per plate (diluted in distilled water). The positive

control in the presence of metabolic activation was 2-

anthramine in all strains and 2-nitrofluorene (TA98), sodium

azide (TA100 and TA1535), 9-aminoacridine (TA1537), and

mitomycin-C (TA102) in the absence of metabolic activation.

The negative control was distilled water. The positive controls

gave expected results. Toxicity was observed in all strains at

1000 mg per plate with metabolic activation and at 500 mg per

plate in strains TA98, TA100, and TA1535 without metabolic

activation. MIT was not mutagenic in this assay.71

In a mutagenicity study by Connor et al,7 MIT was isolated

from Kathon 886 via GC/MS, diluted with dimethyl sulfoxide

(DMSO), and tested with S typhimurium strain TA100 without

S-9 metabolic activation in an Ames assay. The authors deter-

mined that MIT was nonmutagenic in this assay.

NMMA. In an Ames test, 99.22% NMMA was tested using S

typhimurium strains TA1535, TA1537, TA98, and TA100 and

Escherichia coli strain WP2 uvrA with or without the presence

of S9 metabolic activation. The concentration ranges were 1.5

to 5000 mg per plate and NMMA was diluted in DMSO. Posi-

tive controls were 2-anthramine (for all strains) in the presence

of S9 and 2-nitroflurorene (for TA98), sodium azide (for

TA100 and TA1535), 9-aminoacridine (for TA1537), and

methyl methanesulfonate (for WP2 uvrA) in the absence of

S9. The negative control was DMSO. Precipitation or appreci-

able toxicity was not observed. There were no increases in the
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number of revertants compared with solvent controls. NMMA

was not mutagenic in this Ames study.72

Mammalian Cell Assays
MIT. The mutagenic potential of MIT (97.5% pure) was

assessed using Chinese hamster ovary (CHO) cells, with and

without S-9 metabolic activation, in a 2-phase study.73 In the

first definitive phase, the concentrations tested were 0.5, 1.0,

5.0, 10.0, 15.0, and 25.0 mg/mL of culture medium. The cells

were exposed for 4 hours and the expression period was 9 days.

In the second confirmatory phase, the concentrations tested

were 5.0, 10.0, 15.0, 25.0, and 40.0 mg/mL of culture medium,

with a 4-hour exposure period and an 8-day expression period.

Upon conclusion of the expression period, the cultures were

cloned in the presence of 6-thioguanine for HGPRT enzyme-

deficient mutant selection. The test material was diluted in

deionized water in both phases. The positive controls were

ethyl methanesulfonate in the absence of S-9 and 7,12-

dimethylbenzanthracene in the presence of S-9. The negative

controls were deionized water, DMSO, and acetone.

Relative cloning efficiencies for the definitive phase ranged

from 29% to 79% in the presence of S-9 and from 42% to 80%
in the absence of S-9. In the confirmatory phase, relative clon-

ing efficiencies ranged from 91% to 5% in cultures exposed to

5.0 to 25 mg/mL without S-9. No surviving colonies occurred in

the 40.0 mg/mL concentration. Cloning efficiencies for the cul-

tures exposed to 5.0 to 40.0 mg/mL with S-9 ranged from 104%
to 20%.

The mutation frequency at the HGPRT locus was not signif-

icantly increased at any dose level, with and without S-9 acti-

vation, and it was concluded that MIT was nonmutagenic in

this assay.73

In another CHO cell assay, MIT (97.5% a.i.) was assessed

for mutagenicity in 3 phases.74 The initial phases tested MIT

(diluted in deionized water) at concentrations ranging from

33.9 to 5000 mg/mL of culture medium, but toxicity was exces-

sive. In the definitive phase, concentrations ranged from 0.0785

to 40.0 mg/mL, with and without S-9 metabolic activation. The

treatment period lasted 3 hours and cells were harvested

20 hours after the initiation of the treatment. In the confirmatory

phases, concentrations ranged from 0.157 to 20.0 mg/mL

without S-9 activation and from 1.25 to 20.0 mg/mL with

S-9 activation. The treatment period was 17.8 hours without

S-9 activation and 3.0 hours with S-9 activation. The positive

controls were mitomycin-C (without S-9) and cyclophospha-

mide (with S-9), and the negative controls were deionized

water and growth medium.

Significant increases in the number of cells with chromo-

some aberrations were observed in cells treated with 9.53 and

12.7 mg/mL without S-9 and in cells treated with 12.7 and

16.9 with S-9 during the initial phase. Higher concentrations

were not examined. The increases in the number of aberra-

tions were observed only at concentrations inducing greater

than 40% cytotoxicity. Significant increases in the number

of cells with chromosome aberrations were also observed

in the confirmatory phase in cultures treated with 3.73 and

7.50 mg/mL without S-9 activation and in cultures treated

with 7.50 mg/mL with S-9 activation. Chromosomal aberra-

tions were also accompanied by significant cytotoxicity

(29%-48% reductions).

The authors cited a study by Hilliard et al75 that stated chro-

mosomal aberrations may occur as a secondary mechanism of

cytotoxicity in some compounds, which can lead to a false pos-

itive response in a chromosomal aberration assay and may

explain the results seen in this study.74

Animal Assays

Rohm & Haas76 assessed the mutagenicity of MIT (51.1% a.i.)

in an unscheduled DNA synthesis assay using male

Crl:CD(SD)IGS rats. A range-finding study was used to deter-

mine the concentrations for the study. Dose groups consisted of

4 males at 0, 100, and 200 ppm MIT and 6 males at 300 ppm

MIT. The dose volume was 10 mL/kg. Rats were killed at

either 2 to 4 hours or 14 to 16 hours after dosing, and rat hepa-

tocytes were subsequently harvested. The study also included a

negative control group and 2 positive control groups. Follow-

ing harvest, the hepatocytes were cultured in the presence of

10 mCi/mL 3H-thymidine for 4 hours, washed, and analyzed for

radiolabel incorporation with autoradiography.

There was no significant difference in mean net nuclear

grain count or the percentage of nuclei between the treated cells

at any dose and the negative controls. It was concluded that

MIT was not mutagenic in this assay.76

A micronucleus test was used to evaluate the mutagenic

potential of MIT (97.5% pure) using CD-1 mice.77 The mice

received MIT, diluted with distilled water and administered

in a single oral dose of 10 mL/kg, at dose levels of 10, 50, or

100 mg/kg body weight. Groups consisted of 5 males and

5 females except in the 100-mg/kg dose group, which had

2 additional animals per time point. Positive (intraperitoneal

injection of 2 mg/kg mitomycin-C) and negative (single oral

dose of distilled water) controls were also included in the study.

Twenty-four or 48 hours post treatment, the mice were killed

and bone marrow smears were prepared.

No increases in the number of micronucleated polychro-

matic erythrocytes were observed in the mice. The authors

concluded that MIT was nonmutagenic in this assay.77

Carcinogenicity

No studies examining the carcinogenicity of MIT alone were

available. A newly available study of the mixture MIT/CMIT

was provided as unpublished data and is included here. Previ-

ously available carcinogenicity data on MIT/CMIT were

detailed in the earlier safety assessment of MIT/CMIT.1

Rohm & Haas78 evaluated the carcinogenicity of MIT/CMIT

(as Kathon 886 microbicide, 14.2% a.i.) using 850 CRL:CD BR

rats. There were 90 males and 80 females in each dose group,

and the dose groups consisted of 30, 100, and 300 ppm MIT/

CMIT (the ratio of MIT:CMIT was 1:3) in addition to 2 control
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groups of 1 water and 1 MgCl2/Mg(NO3)2 salt. The test material

was administered to the rats in drinking water for 2 years. During

the treatment period, the rats were observed daily for signs of

toxicity, given physical exams, and monitored for body weight

and water and food consumption.

Ophthalmoscopic examinations were performed on all rats

prior to the start of treatment and on all surviving rats at 24

months. Ultrasound examinations, clinical chemistry, and

hematology analysis were conducted. At the 12th and 18th

months of treatment, 10 rats per sex per dose group were killed,

necropsied, and examined for histopathologic changes, as were

rats that died during the treatment period. All surviving rats at

the completion of the treatment period were killed, necropsied,

and examined for histopathologic changes.

Survival rates of both male and female rats in all dose

groups were similar to those of the control groups. There were

no treatment-related clinical effects or physical, hematology,

clinical chemistry, ophthalmoscopic, or organ weight changes

in any dose groups throughout the treatment period.

No treatment-related effects on body weight or body weight

gain were observed in the 30- or 100-ppm dose groups.

Decreases in body weight and body weight gains were

observed in the 300-ppm dose group throughout the study but

were thought to be a secondary effect to decreased water

consumption.

Treatment-related and dose-dependent decreases in water

consumption were seen in all dose groups throughout the treat-

ment period. The authors speculated that the decreases were

likely due to the unpalatability of the MIT/CMIT and not to the

substance’s stabilizer salts because the water consumption of

the MgCl2/Mg(NO3)2 salt control group was comparable to that

of the water control group. There were sporadic increases in

urinary specific gravity in the 100- and 300-ppm dose groups,

which were likely due to the decreased water consumption as

well.

No treatment-related effects were observed in the ultra-

sounds of the rats at any dose level. No treatment-related neo-

plasms or evidence of systemic toxicity were observed in any

dose group during the study.

There were treatment-related morphological changes in the

stomachs of rats of both sexes in the 100- and 300-ppm dose

groups. Gastric irritation was marked by thickening of the for-

estomach mucosa from hyperplasia and hyperkeratosis of the

squamous mucosa. In the 300-ppm males, focal necrosis of the

superficial glandular mucosa and edema and inflammatory cell

infiltration in the forestomach submucosa were observed.

It was concluded that MIT/CMIT was not a carcinogen in

this 2-year drinking water study in rats.78

Neurotoxicity

In Vitro

Du et al79 studied the acute neurotoxicity of MIT in mixed

4-week-old cultures of rat cortical neurons and glia from

embryonic day-16 Sprague-Dawley rat fetuses. The cells were

exposed to 0, 10, 30, 100, or 300 mM MIT for 10 minutes in

memantine. The cells were also exposed to neuroprotective

compounds 10 minutes before, during, and 18 to 20 hours after

MIT exposure. Cell viability was determined 18 to 20 hours

after MIT exposure using a lactate dehydrogenase (LDH)–

based in vitro toxicity assay. Mitogen-activated protein kinase

(MAPK) activation was assessed using the Western blot

technique. The cultures also were immunostained and stained

with terminal deoxynucleotidyl transferase-mediated dUTP

nick-end labeling. A glutathione assay was performed and elec-

trophysiological techniques were used to measure Kþ currents.

The rat cortical cultures exposed to 100 and 300 mM MIT

experienced widespread neuronal cell death within 24 hours.

The underlying glial cell layer was spared from MIT toxicity.

Exposure to increasing concentrations of MIT increased the

number of injured neurons based on release of LDH.

In a neurotoxicity study by He et al,80 cerebral cortex cul-

tures from embryonic day-17 Sprague-Dawley rat fetuses were

plated at a density of 5.21� 104 cells per square centimeter and

treated with 0.1, 0.3, 1.0, and 3.0 mM MIT for 14 hours in

serum-containing media. Cell viability was determined after

the incubation with MIT using an LDH-based in vitro toxicity

assay. The cells were analyzed for morphological changes, and

immunoprecipitation, electrophoresis, and immunoblotting

were performed. A cell-free tyrosine kinase assay was also

performed.

A modest (*35%) level of cell death was observed in the

cultures treated with 3.0 mM MIT. No significant cell loss was

detected at the remaining concentrations; however, inhibition

of process outgrowth was observed. The immunoprecipitation

and immunoblotting reactions found that focal adhesion kinase

(FAK) phosphorylation was primarily affected by MIT with the

phosphorylation level at tyrosines 576 and 861 of FAK signif-

icantly decreased. The researchers also found that MIT inhib-

ited Src family kinases (SFKs) in cell-free assays and caused

the physical dissociation of FAK from the signaling complexes

normally formed with c-Src and Fyn in developing neurons.

Increasing the cell density (and thus cell-to-cell contact) of the

neuronal cultures increased the kinase activity of SFKs and the

tyrosine phosphorylation of FAK, overcoming the toxicity of

MIT in the cultures.

The authors suggested that prolonged exposure to MIT

and related isothiazolones may damage developing nervous

systems.80

In Vivo

Based on data provided by Rohm & Haas,81 recounting studies

that have been conducted in various laboratory animal models

with several isothiazolone molecules (ie, biocidal actives),

including MIT, there was no evidence in vivo of neurotoxicity

with any actives within the isothiazolone family. In rodent

and nonrodent subchronic studies, for example, there was no

clinical or pathological evidence that MIT produces neurotoxi-

city. These studies included evaluation of detailed clinical

observations, functional observation battery tests, motor
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activity measurements, and histopathological examination of

representative tissues of the central nervous system and periph-

eral nerves. When MIT was tested in developmental and repro-

ductive studies, there was no evidence of neurotoxicity. No

clinical signs of neurotoxicity were evident in developing ani-

mals (rat and rabbit) and no evidence of neurotoxicity was

observed in parental animals or their offspring across 2 genera-

tions (rat). No gross or microscopic changes were observed in

the brain of any pups examined in high dose of either genera-

tion following exposure to MIT in utero, through nursing, dur-

ing lactation, or in drinking water following weaning. In

chronic studies conducted with MIT, in combination with the

structurally related analog CMIT, there was no clinical evi-

dence of neurotoxicity and there were no effects on tissues of

the central or peripheral nervous system when examined histo-

pathologically. The authors suggested that the rapid metabo-

lism and excretion of MIT, shown in toxicokinetic studies in

the rat and mouse, support the lack of systemic toxicity (includ-

ing neurotoxicity).

Clinical Assessment of Safety

Dermal Irritation

The irritation potential of MIT was evaluated in 40 volunteer

subjects. The test substance (dose volume 15 mL) was applied

to the dorsal skin at MIT concentrations of 100, 300, and

600 ppm for a period of 24 hours. The negative control was

water. The subjects were observed for skin reactions 1 and

24 hours after application. The skin irritation indices for the test

substance were 6.3, 1.3, and 6.3 for 100, 300, and 600 ppm

MIT, respectively, and were compared with the irritation

index for water, which was 5.0. It was concluded that under the

conditions of this study, MIT was not an irritant.82

The skin irritation potential of a shampoo containing MIT

was evaluated using 40 subjects. The test substance (dose

volume 15 mL) and a shampoo without MIT were applied to the

dorsal skin at a concentration of 100 ppm for a period of

24 hours. Reactions were scored 1 and 24 hours after applica-

tion. The skin irritation indices for the shampoo with MIT, for

the shampoo without MIT, and for water were 21.3, 15.0, and

5.0, respectively. The authors concluded that a shampoo con-

taining MIT (100 ppm a.i.) was not an irritant in this study.83

In another evaluation of irritation potential, 40 subjects were

patched with a body lotion containing 100 ppm MIT (9.5%-

9.9% a.i.) and a body lotion without MIT. The test substances

(dose volume 15 mL) were applied to the dorsal skin of the sub-

jects with Finn chambers and Scanpor tape for 24 hours. Skin

reactions were evaluated 1 and 24 hours after application. The

skin irritation indices for both test substances were 1.3 and both

were considered nonirritating.84

Rohm & Haas85 also studied the irritation potential of a

sunscreen containing 100 ppm MIT in 40 subjects. The subjects

received single patch applications (15 mL dose volume) of the

test substance and of sunscreen without MIT on the dorsal skin

for 24 hours. Reactions were scored 1 and 24 hours after

application. The skin irritation indices for the sunscreen with

and without MIT were 1.3 and 6.3, respectively. The sunscreen

containing MIT was not an irritant.

Dermal Sensitization

In a study by Bruze et al,6 22 patients who were positive for

sensitization to Kathon CG microbicide were patch tested

with 5 fractions isolated from Kathon CG via chromatography.

Fraction II was determined to be MIT and fraction IV was

determined to be CMIT. All fractions were diluted in water/

methanol to 10, 30, 100, and 300 ppm. Eighteen of the 22

patients were patch tested with all concentrations of all the

fractions, and the remaining 4 were patch tested with only all

concentrations of fractions II and IV.

Another 6 patients who had been actively sensitized through

patch testing were patch tested with all concentrations of all

fractions, and 18 patients (4 patch test sensitized, 14 identified

through routine testing) were tested with fraction II at 300 ppm

Kathon CG.

All 22 patients had positive reactions to fraction IV (CMIT)

and Kathon CG at 300 ppm, whereas only 2 were positive to

fraction II (MIT) at this same concentration. Eleven patients

had positive reactions to fraction IV, 9 were positive to Kathon

CG, and 1 was positive to fraction II at 100 ppm. In the 6

patients who had been actively sensitized, none experienced

positive reactions to fraction II at any concentration, whereas

all 6 reacted positively toward fraction IV and Kathon CG at

300 ppm. The patch testing of fraction II in the 18 patients at

3 times the concentration found in the test solution of Kathon

CG resulted in 4 positive reactions.

The authors concluded that MIT is a sensitizer but is not as

potent as CMIT and that sensitization may be due to cross-

reactions to CMIT.6

Bruze et al86 studied 12 patients who tested positive for

Kathon CG sensitivity. These patients were patch tested with

equimolar concentrations of the 2 active ingredients of Kathon

CG, CMIT, and MIT, along with 4,5-dichloro-2-methyl-4-

isothiazolin-3-one in ethanolic solutions. Although all 12

patients reacted to the chlorinated isothiazolinones, only 3

patients had a doubtful reaction to MIT at 115 ppm and 1 of

these patients had another doubtful reaction to MIT at 57.5 ppm.

The authors determined that MIT is a weak sensitizer.

Schnuch87 investigated the sensitization potential of MIT in

85 individuals with predetermined sensitization to CMIT/MIT

(Kathon CG). MIT was tested epicutaneously at 500 and

1000 ppm in water for 24 or 48 hours (1000 ppm was determined

to be the irritation threshold). CMIT/MIT was also tested in 73 of

the individuals to determine sensitization intensity. Readings of

test sites were performed daily up to 96 hours post application.

Of the 85 patients, 27 reacted to 1 of the 2 MIT concentra-

tions (32% reacted; CI between 22% and 40%) at intensities

ranging from þ to þþ. Eleven of 18 patients with a strong

reaction (þþ/þþþ) to CMIT/MIT had a positive reaction to

MIT, whereas 12 of 55 with a weak reaction (þ) to the mixture

had a positive reaction to MIT (at either test concentration).
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The authors concluded that at high concentrations of MIT

(500 to 1000 ppm), a proportion of the subjects with known

sensitivity to CMIT/MIT may also react to MIT.87

Isaksson et al88 studied the potential for cross-reactivity

between MIT and CMIT in 4 former or current chemical plant

workers. The subjects previously reported occupational sensiti-

zation to CMIT/MIT. In this study, the subjects were patch

tested with Kathon CG (CMIT/MIT), Neolone 950 (containing

950 ppm MIT), 2-n-octyl-4-isothiazolin-3-one (OIT), CMIT

and MIT isolated from Kathon CG, and 4,5-dichloro-2-n-

octyl-4-isothiazolin-3-one (dichlorinated OIT). The test was

performed according to the International Contact Dermatitis

Research Group procedures. The patches were removed after

2 days and the patch sites were scored on day 3.

All 4 of the subjects reacted to CMIT/MIT and 3 subjects

reacted to CMIT alone. One subject reacted to a high dose of

MIT (1000 pm) but not to Neolone 950. None of the subjects

reacted to OIT or dichlorinated OIT. The authors concluded

that sensitization to CMIT/MIT leads to sensitization to CMIT.

Individuals with high reactivity to CMIT may react to high con-

centrations of MIT.88

Repeated Insult Patch Tests. The cumulative irritation/sensiti-

zation potential of 98% MIT was evaluated in a repeated-insult

patch test (RIPT) using 80 subjects, with the subjects tested

with 50, 100, 250, 500, or 1000 ppm.89 The test substance

(0.1 mL) was applied for 23 hours daily for 21 consecutive

days. Following a 10- to 14-day rest period, the subjects were

challenged for 23 hours with the same respective concentra-

tions of test substance in the 50-, 100-, or 250-ppm dose

groups. The 500-ppm dose group was challenged with 100,

250, and 500 ppm MIT, and the 1000 ppm dose group was chal-

lenged with 250, 500, and/or 1000 ppm MIT. The subjects were

then evaluated for erythema reactions 48 and 96 hours post

challenge.

During the induction phase, irritation reactions were

observed in all dose groups. The reactions were grade 1 and

considered transient. One cumulative irritation reaction was

observed in the 1000-ppm induction group. At challenge, 1

subject in the 500-ppm dose group was observed with a reac-

tion, but this subject also reacted to the marker pen and several

consumer products. Two subjects in the 1000-ppm dose group

had mild reactions upon challenge and were considered sensi-

tized. The authors concluded that the sensitization threshold for

98% MIT was at or around 1000 ppm.89

In an RIPT,90 98 subjects who had patch tested negative for

100 ppm Kathon CG were enrolled in the study to evaluate

the sensitization potential of MIT. During the induction phase,

100 ppm MIT (dose volume 0.15 mL) was applied for 23 hours

4 times a week for 3 weeks to the subjects’ backs using

occlusive Webril patches. After the final induction patch, the

subjects were allowed a week to rest before the challenge phase

began. During the challenge phase, virgin sites were patched

with 100 ppm MIT (0.15 mL dose volume) for approximately

24 hours. The skin was observed for erythema or edema reac-

tions 48, 72, and 96 hours after the challenge patch.

One subject had a grade 4 reaction on the fifth day of the

induction phase. It was determined that this subject was presen-

sitized to the test material. None of the remaining subjects had

reactions to MIT during the induction or challenge phases, and

the authors concluded that 100 ppm MIT does not induce skin

sensitization in human subjects.90

In a series of RIPTs performed by Rohm & Haas,91-95 50%
MIT was evaluated for sensitization potential at 200, 300, 400,

500, and 600 ppm. The total number of subjects who completed

the study in each dose group was 100, 98, 116, 210, and 214,

respectively. During the induction phase, the test substance was

applied 3 times a week for 3 weeks on the subjects’ backs with

occlusive Webril patches for 24 hours at a time at a dose vol-

ume of 0.2 mL. Following the induction phase, the 200- and

300-ppm dose groups were allowed to rest for a week, and the

400-, 500-, and 600-ppm dose groups were allowed to rest for

10 to 15 days. After the rest periods, the subjects were chal-

lenged on a virgin site for 24 hours with the same concentration

of MIT that was applied in the induction phase. The subjects

were observed for signs of erythema or edema 48 and 72 hours

after the application of the challenge patch.

No signs of skin irritation were observed in any of the dose

groups during the induction phase, and only 1 subject in each of

the 400-ppm and 500-ppm dose groups had a incidence of

erythema response. It was concluded that MIT up to 600 ppm

is not a dermal sensitizer.91-95

Phototoxicity

The phototoxicity of 50% MIT was evaluated in 12 female sub-

jects. The subjects received occluded patches with 200 ppm

MIT (50 mL dose volume) on duplicate sites on the lower back.

An additional site was treated with an occlusive patch without

test substance and was the irradiated control. The patches were

removed after 24 hours and the sites were evaluated. Another

50 mL of test substance was reapplied to the test sites and

allowed to air dry for 15 minutes, and then 1 of the 2 test sites

on each subject and the irradiated control site were exposed to

20 J/cm2 of UVA (320-400 nm) using a filtered light source and

0.5 minimal erythema dose (MED) of UVB (290-320 nm). The

other treated site was the nonirradiated control. The test sites

were evaluated 24 and 48 hours after irradiation. No phototoxic

effects were observed in this study.96

In a study evaluating the photosensitization effects of MIT

(raw material concentration 50%), 32 subjects were induced

with 200 ppm MIT (20 mL for the first application and 6 mL for

the remaining applications) using occluded dermal patches.

The patches were applied to irradiated and nonirradiated sites

(2�MED UVA/UVB) on the subjects’ lower or mid-backs for

24 hours. After the 24-hour application, the patches were

removed and the sites were graded for reactions prior to the

application of a new patch. This process was repeated 6 times

over a 3-week period. A rest period of 9 to 14 days followed the

induction phase. During the challenge phase, a 24-hour

occluded patch containing 5 mL/cm2 test material was applied

to duplicate virgin sites adjacent to the induction sites. The
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following day, the patches were removed, the sites were graded

for reactions, a new patch containing 2 mL/cm2 was applied,

and the site was irradiated with 10 J/cm2 of UVA and 0.5 MED

of UVA/UVB. The sites were evaluated 24 and 48 hours after

irradiation for skin reactions. No reactions indicating photoal-

lergy to MIT were observed.97

Case Reports

Three cases of allergic contact dermatitis to coolant solutions

containing biocides were reported by Pilger et al.98 The 3

patients (26, 39, and 30 years old) were males who had devel-

oped eczematous eruptions on the forearms and dorsal hands

while working with the coolant solutions. The eruptions cleared

when use was discontinued by the patients. The patients were

subsequently patch tested with the coolant solution (diluted to

0.1% in petrolatum), components of the coolant solution (includ-

ing the 0.1% biocide mixture, which was separated into MIT and

CMIT at 300 ppm in petrolatum), and the European standard

series. One patient had a 2þ reaction (edematous or vesicular

reaction) and another had a 3þ reaction (spreading, bullous, or

ulcerative reaction) to MIT at both observations. These patients

had similar reactions to CMIT. The third patient had no response

to any of the components of the coolant solution or the solution

itself. While isolating the components of the coolant solution,

one of the investigators developed eczematous dermatitis on the

forearms and dorsal hands. Patch testing of the investigator

revealed a 2þ reaction to both MIT and CMIT.

Bruynzeel and Verburgh99 reported a case of a 43-year-old

man employed as a diesel mechanic with hand eczema of

15 months’ duration. The man was unable to work with gloves

and had continuous contact with diesel oil. The eczema was

exacerbated after using moist toilet paper. A patch test was pos-

itive for thimerosal, and subsequent patch tests with additional

standard series and series for materials in oils, grease, and

metalworking fluids were given. Positive (þþ) reactions were

observed on day 3 and day 7 to CMIT (0.01% aq) and MIT

(0.02% aq). Further investigation found that the moist toilet

paper contained Kathon CG and the diesel oil at the patient’s

place of employment contained Kathon FP 1.5 (MIT content

1.5%). The patient’s condition improved when he was away

from work.

Isaksson et al100 reported 2 cases of occupational contact

allergy and dermatitis in 2 male patients exposed to compounds

containing the biocide MIT. In the first case, a 48-year-old

male was exposed to wallpaper glues and developed eczema-

tous lesions on his forehead, hands, and dorsal surfaces of his

forearms. In the second case, a 58-year-old male was exposed

to paper mill preservatives in an accidental spill that led to

chemical burns on his feet and vesicular dermatitis on his

hands. The glues and preservatives contained the biocide Acti-

cide MBS, which contains less than 0.01% MIT. Both patients

were patch tested with the Swedish standard series (containing

CMIT/MIT as Kathon CG at a concentration of 200 ppm); a

paint series; a standard series that contained a 0.5% aq. test

preparation of Neolone 950 (with MIT at a concentration of

475 ppm); serial aqueous dilutions of laboratory isolated

CMIT/MIT, Neolone 950, MIT, and CMIT; and serial dilutions

of Skane M-8 (active ingredient is 2-n-octyl-4-isothiazolin-3-

one). The patient in the second case was also patch tested with

propylene glycol. A third case, in which a 50-year-old woman

had suspected contact allergy to inhaled corticosteroids, was

patch tested with the Swedish standard series, some select aller-

gens, and the serial aqueous dilutions of the laboratory isolated

compounds listed above.

The patient in the first case tested positively to CMIT/MIT,

Skane M-8, Neolone 950, Acticide MBS, CMIT, and MIT, with

þþþ reactions to Neolone 950 (475 ppm), CMIT/MIT (100

and 200 ppm), MIT (62-500 ppm), and CMIT (150 ppm). The

second patient also tested positively to the above compounds

and had þþþ reactions to CMIT/MIT (100 and 200 ppm),

Neolone 950 (59-475 ppm), MIT (250 ppm), and CMIT

(75 ppm). This patient also had þþþ reactions to Skane M-8

(62.5-1000 ppm). In both of these patients, the lowest patch test

reactivity to a concentration of MIT was about half the concen-

tration of CMIT. The third patient had þþþ reactions to

CMIT/MIT (100 and 200 ppm) and to CMIT alone (75 and

150 ppm). No reactions to MIT were observed in this patient.

The authors concluded that primary sensitization to MIT

differs from primary sensitization to CMIT/MIT, where the

sensitization is due to CMIT, and that cross-reactions of these

2 differ.100

Four of 14 workers at a Danish paint factory were observed

with contact dermatitis after exposure to paint additives that

contained the biocide MIT.101 The 4 workers, all males and

ranging in age from 34 to 55 years old, had dermatitis on their

hands, neck, chest, armpits, abdomen, leg, and/or feet follow-

ing contact with the additive that had 7% to 10% MIT. The

patients were patch tested with an extended European standard

test series supplemented with a paint test series that contained

various preservatives. MIT was tested in aqueous solution at

1050 ppm. The patches were removed after day 2 and scoring

was made on day 3 and day 7. Positive reactions (þ and þþ)

were observed in all 4 patients. Reactions to the mixture MIT/

CMIT were not as strong (þ and þ?). Previous sensitization to

MIT/CMIT could not be excluded in the workers.

Margin of Safety

A margin of safety (MOS) was calculated by Rohm & Haas4

using the following assumptions in a worst case scenario:

� Global (includes use of multiple cosmetics and personal

care products) daily exposure is 17.79 g/d

� Maximum permitted concentration is 100 ppm or 0.1 mg/g

� Exposure is to a 60-kg individual

� 100% dermal absorption

Based on these assumptions, the total exposure to a 60-kg per-

son from all products was

0:1mg=g � 17:79g=d � 1� 60 kg¼ 0:0296 mg=kg=d:
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MOS also were calculated in worst case scenarios for specific

studies and described earlier in this report. The results were as

follows:

� Rat 3-month oral toxicity—NOAEL of 66 to 94 mg/kg/d �
maximum cosmetics exposure 0.0296 mg/kg/d ¼ 2230 to

3176 MOS41

� Dog 3-month oral toxicity—NOAEL of 41 mg/kg/d �
maximum cosmetics exposure 0.0296 mg/kg/d ¼ 1385

MOS42

� Rat developmental toxicity—NOAEL of 40 mg/kg/d �
maximum cosmetics exposure 0.0296 mg/kg/d ¼ 1351

MOS67

� Rabbit developmental toxicity—NOAEL of 30 mg/kg/d �
maximum cosmetics exposure 0.0296 mg/kg/d ¼ 1014

MOS68

� Rat 2-generation reproduction toxicity—NOEL (F0) of 69

to 86 mg/kg/d � maximum cosmetics exposure 0.0296

mg/kg/d ¼ 2331 to 2905 MOS (F0) and NOEL (F1) of 93

to 115 mg/kg/d � maximum cosmetics exposure 0.0296

mg/kg/d ¼ 3142 to 3885 MOS (F1)69

These authors determined that overall consumer exposures

were well below levels that are of concern for sensitization in

both rinse-off and leave-on products in deterministic

approaches. As an example, rinse-off products, such as a sham-

poo with 100 ppm MIT, had a point estimate of exposure to the

scalp of 0.008 mg of MIT per square centimeter of skin, and

leave-on products, such as a body lotion with the same MIT

concentration, had a point estimate of exposure to skin of

0.05 mg of MIT per square centimeter of skin. Under probabil-

istic methods (Monte Carlo simulations), the distribution of

exposures to the scalp and skin under rinse-off and leave-on

conditions at the 100th percentile was 0.0103 mg of MIT per

square centimeter of skin and 0.044 mg of MIT per square cen-

timeter of skin, respectively.4

Summary

MIT is a heterocyclic organic compound used in cosmetics and

personal care products. A trade name is Neolone 950. MIT is a

colorless, clear liquid with a mild odor. MIT is completely

soluble in water; mostly soluble in acetonitrile, methanol, and

hexane; and slightly soluble in xylene.

MIT functions as a preservative in cosmetic products. It

is used in concentrations up to 0.01%. MIT is also used

as a preservative and biocide in numerous noncosmetic

applications.

The percutaneous absorption of radiolabeled MIT (99.88%
radiochemical purity) was determined using rat skin mounted

on diffusion cells. Over a 24-hour period, the rate of absorption

was 0.0059, 0.0277, and 0.0841 mg equivalents per square cen-

timeter per hour for 25-, 75-, and 150-ppm dose groups, respec-

tively, and the mean amount of total applied radioactivity

absorbed was 21.4%, 33.7%, and 51.2% for 25-, 75-, and

150-ppm dose groups, respectively.

The total dose absorbed of aqueous solutions containing

radiolabeled MIT (96.90% radiochemical purity) in human epi-

dermis was 29.8%, 38.0%, and 54.7% for groups receiving

52.2, 104.3, and 313.0 mg of MIT per milliliter. The rate of

absorption was 0.037 mg/cm2/h over a 24-hour exposure. In the

same study, the total dose absorbed from shampoo, body lotion,

and facial cream formulations containing 100 mg of MIT per

milliliter was 29.5%, 8.98%, and 19.6%, respectively. The rates

for absorption of MIT in the formulations over a 24-hour expo-

sure ranged from 0.007 to 0.0026 mg/cm2/h.

After oral dosing of 100 mg of radiolabeled MIT (96.70%
radio purity) per kilogram of body weight in mice, total radio-

active residues (TRRs) were highest in the liver and lowest in

the bone 1 hour post dosing. At 24 hours post dosing, TRR

declined significantly in all tissues and the tissue-to-plasma

ratio showed that the radiolabel partitioned preferentially from

plasma to tissues. Blood had the highest tissue-to-plasma ratio

at 48 hours. TRR was higher in male tissues than female tissues

overall.

Most radiolabeled metabolites of MIT (99.08% radio pur-

ity) were excreted in urine and feces by rats within 24 hours of

oral dosing. Tissue sampling at 96 hours post dosing found

1.9% to 3.6% of the radiolabel, mainly in blood. Total mean

recovery of the radiolabel was 92% to 96%. Major metabolites

in urine were N-methyl malonamic acid, 3-mercapturic acid

conjugate of 3-thiomethyl-N-methyl-propionamide, and

N-methyl-3-hyrdoxyl-propamide. Another metabolism study

of radiolabeled MIT (96.90% radio purity) conducted on bile

duct–cannulated rats had an 88% recovery of the dose at 24 hours

after oral dosing. Most of the radiolabel was found in bile,

urine, and feces. No intact MIT was recovered, and the main

metabolites were N-methyl malonamic acid and 3-mercapturic

acid conjugate of 3-thiomethyl-N-methyl-propionamide.

In acute oral toxicity studies, MIT was slightly toxic in rats

in concentrations ranging from 9.69% to 99.7%. At 9.69%, the

LD50 for male and female rats was 274.6 and 105.7 mg of a.i.

per kilogram of body weight, respectively. Studies in rats in

body lotion, shampoo, and sunscreen formulations containing

100 ppm MIT found no treatment-related effects and an LD50

greater than 2000 mg of formulation per kilogram of body

weight. Slight toxicity, including GI changes, was observed

in mice that orally received 97.5% MIT. The LD50 was

167 mg of a.i. per kilogram of body weight. An acute oral

toxicity study of the metabolite NMMA found the substance

slightly toxic. The calculated oral LD50 for NMMA in males

and females was 3550 and 4100 mg of NMMA per kilogram

of body weight, respectively.

MIT at 97.5% was slightly toxic in rats in an acute dermal

toxicity study. The substance was corrosive to the skin. The

LD50 was calculated to be 242 mg of a.i. per kilogram of body

weight. In another acute dermal toxicity study, 9.69% MIT was

corrosive to rat skin, but no deaths occurred during the study.

The LD50 was greater than 484.5 mg of a.i. per kilogram of

body weight.

Acute inhalation toxicity studies in rats found that 53.52%
and 97.80% MIT were slightly toxic after 4-hour exposures.

Burnett et al 207S

207



The LC50 values were 0.35 and 0.11 mg of a.i. per liter. Rats

that died during these studies had reddened lungs and distended

GI tracts. Mice exposed to 10 minutes of atomized 98.6% MIT

had up to 47% decrease in respiratory rates that equated to

moderate responses for sensory irritation.

No toxic effects were observed in a rat study where 97.5%
MIT was administered to drinking water for 13 weeks. Dogs

that were fed diets prepared with 51.4% MIT for 3 months had

an NOAEL of 1500 ppm.

In a subchronic study of rats fed the metabolites NMMA or

malonamic acid for 3 months, no effects were observed in body

weight, food consumption, hematology, clinical chemistry, uri-

nalysis, ophthalmology, or gross pathologic changes. Beagle

dogs that received these metabolites in their diets for 3 months

had no systemic toxicity.

A bovine cornea study classified MIT as mildly irritating.

Ocular irritation studies in body lotion, shampoo, and sunsc-

reen formulations containing 100 ppm MIT found the formula-

tions nonirritating in rabbit eyes.

Undiluted 97.8% MIT was corrosive to intact rabbit skin

after an exposure period of 1 hour. Rabbit dermal irritation

studies of MIT at 9.69% and 10% concluded that the chemical

was nonirritating. In EpiDerm skin constructs, 1.7% MIT

applied for 3 or 60 minutes was noncorrosive. In the same

study, 51.5% MIT was noncorrosive in the 3-minute exposure

but corrosive at the 60-minute exposure.

In a guinea pig maximization test, 0.076% wt/vol MIT was a

weak sensitizer, and a follow-up study found that 0.015% MIT

produced no sensitization. An investigation using the Buehler

method found that 99.8% MIT was a sensitizer at concentra-

tions of 1000 ppm or higher. Another maximization test that

evaluated the sensitization potential of 99.7% MIT concluded

that the chemical was not a sensitizer at concentrations up to

800 ppm. MIT was a sensitizer at concentrations of 1.5% or

higher in an open epicutaneous test.

Results from local lymph node assays indicated that 99.8%
MIT and 10.37% MIT produced sensitization at greater than

10 000 ppm and greater than 0.76%, respectively. A local lymph

node assay testing MIT at concentrations up to 0.85% in acetone/

olive oil and up to 9.85% in propylene glycol found that MIT

was a skin allergen with moderate strength, but that the cytokine

profile of 0.5% MIT was not typical of chemical respiratory

allergens, and concluded that MIT was not likely to have a sig-

nificant potential to cause sensitization of the respiratory tract.

The metabolite NMMA did not induce hypersensitivity in a local

lymph node assay up to and including 30% concentration.

MIT at 100 ppm was not phototoxic or photosensitizing in

guinea pig studies.

In a teratogenicity study, MIT up to 40 mg per kilogram of

body weight per day resulted in no treatment-related effects

in the fetuses. The maternal and developmental NOAELs were

20 mg/kg/d and 40 mg/kg/d, respectively. In a teratogenicity

study of MIT in rabbits receiving up to 30 mg/kg/d MIT, the

maternal NOAEL was 10 mg/kg/d. No treatment-related

effects were observed in the fetuses, and the developmental

NOAEL was determined to be 30 mg/kg/d.

A 2-generation reproduction toxicity test found that MIT in

drinking water at concentrations up to 1000 ppm was not a

reproductive toxicant.

MIT and the metabolite NMMA were not mutagenic in the

Ames test when tested with and without metabolic activation.

In a CHO cell assay, 97.5% pure MIT was nonmutagenic when

tested with and without metabolic activation (0.5-40.0 mg/mL).

However, another CHO assay that studied MIT at 97.5% a.i.

(0.0785-5000 mg/mL) found significant increases in cells with

chromosome aberrations, with and without metabolic activa-

tion. The aberrations were accompanied by significant cyto-

toxicity, which may have caused a false positive in this

assay. MIT was nonmutagenic in an unscheduled DNA synth-

esis assay and in a micronucleus test.

Studies of the carcinogenicity of the sole ingredient MIT

were not available; however, a 2-year drinking water study in

rats concluded that the mixture MIT/CMIT was not a

carcinogen.

An acute in vitro neurotoxicity study of MIT in embryonic

rat cortical neurons and glia observed widespread neuronal cell

death within 24 hours in the cortical cultures. Gliotoxicity was

low. A 14-hour in vitro neurotoxicity study of MIT from the

same laboratory concluded that prolonged exposure to MIT and

related isothiazolones may damage developing nervous sys-

tems. However, no evidence of neurotoxicity has been

observed in vivo.

A single 24-hour application of 100 ppm MIT in 40 volun-

teer subjects did not produce skin irritation. Respective skin

irritation studies in body lotion, shampoo, and sunscreen for-

mulations containing 100 ppm MIT also found MIT to be

nonirritating.

In a clinical study of 22 patients tested with fractions iso-

lated from Kathon CG that included MIT and CMIT, only 2

patients had positive reactions to MIT. Sensitization may have

been due to cross-reactions to CMIT. MIT was determined to

be a weak sensitizer in a study of 12 patients. In a cumulative

irritation/sensitization study of MIT in 80 subjects, the sensiti-

zation threshold was determined to be at or around 1000 ppm.

The results show that at high concentrations of MIT (500 to

1000 ppm), a proportion of the subjects with known sensitivity

to CMIT/MIT may also react to MIT.

A human RIPT in 98 subjects tested with 100 ppm MIT

concluded that MIT did not induce skin sensitization in

humans. A series of RIPTs evaluating the sensitization

of 50% MIT in up to 600 ppm doses concluded that MIT up

to 600 ppm was not a dermal sensitizer.

No phototoxic effects were observed in a study of 200 ppm

MIT in 12 female subjects. A photosensitization study of 200 ppm

MIT in 32 subjects did not produce photoallergic reactions.

Three cases of allergic contact dermatitis were reported in

patients who had come into contact with coolant solutions con-

taining biocides. Patch testing in 2 of the patients revealed 2þ
and 3þ reactions to MIT, respectively. An investigator in this

study developed eczematous dermatitis while isolating coolant

components and had a 2þ reaction to MIT during patch testing.

Another case study reported hand eczema in a diesel mechanic
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that was exacerbated with the use of moist toilet paper. The

diesel oil and the toilet paper that the man came into contact

with both contained Kathon biocides. Positive reactions to MIT

were observed with patch testing. Two cases of occupational

contact allergy and dermatitis were reported in patients

exposed to compounds containing the biocide MIT. Patch test-

ing revealed þþþ reactions to MIT and Neolone 950. Four of

14 workers at a Danish paint factory were observed with con-

tact dermatitis after exposure to paint additives containing 7%
to 10% MIT. Positive reactions were observed in all 4 patients

during patch testing.

Margins of safety were calculated for MIT using the concen-

tration of 100 ppm in several worst-case exposure scenarios. It

was determined that consumer exposure would be well below

levels that are of concern for sensitization in both rinse-off and

leave-on products.

Discussion

In 1992, the CIR Expert Panel concluded that the mixture MIT/

CMIT (23.3% MIT and 76.7% CMIT) may be safely used in

rinse-off products at a concentration not to exceed 15 ppm and

in leave-on cosmetic products at a concentration not to exceed

7.5 ppm. Currently, MIT is used as a standalone biocide.

Accordingly, it was considered necessary to evaluate the safety

of MIT alone.

The CIR Expert Panel noted that in vitro studies on MIT and

related isothiazolinone compounds were positive for neurotoxi-

city. However, in vivo studies described in this report, includ-

ing subchronic, chronic, and reproductive and developmental

animal studies, did not report significant signs of toxicity,

including neurotoxicity. The Expert Panel does not consider

MIT as used in cosmetics to be neurotoxic.

The Expert Panel observed that MIT of undetermined particle

size had adverse effects in acute inhalation studies in animals.

However, the Expert Panel determined that MIT can be used

safely in hair sprays and other spray products because cosmetic

product sprays contain particles of sizes that are not respirable.

The available data demonstrated that the particle size of aerosol

hair sprays (*38 mm) and pump hair sprays (>80 mm) is large

compared with respirable particulate sizes (�10 mm).

The Expert Panel noted that MIT was a sensitizer in both

animal and human studies. A threshold dose response was

observed in these studies. Cosmetic products formulated to

contain concentrations of MIT at 100 ppm (0.01%) or less are

not expected to pose a sensitization risk. The Expert Panel also

recognizes that cross-sensitization to CMIT may occur in indi-

viduals sensitized with MIT. Most individuals sensitized with

CMIT, however, do not cross-react with MIT. These animal

and clinical data supported that CMIT is a strong sensitizer and

MIT is a weak sensitizer.

Conclusion

Based on the available data, the CIR Expert Panel concluded

that methylisothiazolinone is safe for use in cosmetic formula-

tions at concentrations up to 100 ppm (0.01%).
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