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Abstract

The mixture of 5-chloro-2-methylisothiazol-3(2H)-one (CMIT) and 2-methylisothiazol-3(2H)-one (MIT), CMIT/
MIT, is a preservative in cosmetics. CMIT/MIT is a highly effective preservative; however, it is also a commonly
known skin sensitizer. Therefore, in the present study, a risk assessment for safety management of CMIT/MIT was
conducted on products containing 0.0015% of CMIT/MIT, which is the maximum MIT level allowed in current
products. The no observed adverse effect level NOAEL) for CMIT/MIT was 2.8 mg/kg bw/day obtained from a
two-generation reproductive toxicity test, and the skin sensitization toxicity standard value for CMIT/MIT, or the
no expected sensitization induction level (NESIL), was 1.25 pg/cm*/day in humans. According to a calculation of
body exposure to cosmetics use, the systemic exposure dosage (SED) was calculated as 0.00423 mg/kg bw/day
when leave-on and rinse-off products were considered. Additionally, the consumer exposure level (CEL)
amounted to 0.77512 pg/cm?/day for all representative cosmetics and 0.00584 pg/cm*day for rinse-off products
only. As a result, the non-cancer margin of safety (MOS) was calculated as 633, and CMIT/MIT was determined
to be safe when all representative cosmetics were evaluated. In addition, the skin sensitization acceptable expo-
sure level (AEL)/CEL was calculated as 0.00538 for all representative cosmetics and 2.14225 for rinse-off prod-
ucts; thus, CMIT/MIT was considered a skin sensitizer when all representative cosmetics were evaluated. Current
regulations indicate that CMIT/MIT can only be used at concentrations 0.0015% or less and is prohibited from use
in other cosmetics products. According to the results of this risk assessment, the CMIT/MIT regulatory values cur-

rently used in cosmetics are evaluated as appropriate.
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INTRODUCTION

Isothiazolinone-based compounds, such as 5-chloro-2-
methylisothiazol-3(2H)-one (CMIT), 2-methylisothiazol-
3(2H)-one (MIT), and a mixture of CMIT and MIT
(CMIT/MIT), are used as preservatives in several indus-
trial products, such as cosmetics, paints, adhesives, and
detergents. CMIT/MIT is the product of a chemical reac-
tion between CMIT and MIT. It is sold under several com-
mercial names, such as Kathon CG, Kathon 886, Kathon
886 WT, Acticide LG, Acticide 14L, Acticide 14P, Micro-
care IT, and Microcare ITL; these differ in proportions of
the active ingredients, i.e., CMIT/MIT, salt, and water (1).
Among isothiazolinone-based compounds, CMIT/MIT has
been commonly used as a preservative since the early
1980s, owing to its high activity against microbial con-
taminants at very low concentrations and at a broad pH
range (2-6).

Isothiazolinone-based compounds exert their antimicro-
bial activity via the reaction of their nitrogen (N)-sulfur
(S) bonds with the thiol groups in the cell membranes of
the target microorganisms (6). The oxidation of thiol groups
causes formation of free radicals which can lead to cell
death. In addition, these preservatives interfere with the
Krebs cycle, which is associated with adenosine triphos-
phate (ATP) production, consequently inhibiting the micro-
bial growth and metabolism (6).

Before 1989, CMIT/MIT, containing 1.5% active ingre-
dients and sold under the trade name Kathon CG and, was
primarily used as a preservative in cosmetics in a ratio of
3:1 (1). However, the first case of skin sensitization by
cosmetics containing CMIT/MIT was reported in 1985
(7,8). Since then, several cases of skin allergy have been

Table 1. Physicochemical properties of CMIT/MIT

reported, identifying CMIT/MIT to be a common skin
sensitizer (5,9-11). This resulted in lowering the concen-
tration of CMIT/MIT to 0.0015% for both rinse-off prod-
ucts, such as shampoos, hair conditioners, shower gels, body
wash, liquid soap, and surfactants, and leave-on products
in 1989 in Europe (12). Similarly, in 1992, the limit was
set to 0.0015% for rinse-off products and 0.00075% for
leave-on products in the United States (13). Despite lower-
ing the concentration limits of CMIT/MIT, the incidence
rate of skin sensitization remained high and steady at 1 to
4% (14,15). At present, in Korea and Europe, the concen-
tration of CMIT/MIT is limited to 0.0015% or less for
rinse-off products (16,17).

Industrial compounds, including cosmetics, are routinely
assessed and screened for their potential risks to ensure
they meet the safety standards (18-22). In addition to risk
assessment, studies on their toxicological profiles, alterna-
tive testing methods, as well as research on safety man-
agement and mechanism of action of cosmetic ingredients
have been conducted (23-27). In the present study, we
assessed the potential risk factors associated with CMIT/
MIT to confirm its appropriateness for use as per the cur-
rent safety standards for cosmetics. The risk assessment
data used in the study included risk assessment guide-
lines; risk assessment methods; physical and chemical
properties; regulatory values; toxicological data, absorp-
tion, distribution, metabolism, excretion (ADME) data;
and skin absorption rate of CMIT/MIT. The approach used
in the present study was based on the data published in the
international journals and that recommended by the inter-
national cosmetic risk assessment agencies (e.g., Scientific
Committee on Consumer Safety [SCCS], Cosmetic Ingre-
dient Review [CIR], etc.). In addition, appropriate toxicity

Properties Contents
Chemical name Methylchloroisothiazolinone Methylisothiazolinone Methylchloroisothiazolinone/
(INCI) methylisothiazolinone

Abbreviation CMIT MIT CMIT/MIT

IUPAC name 5-chloro-2- 2-Methylisothiazol- -

methylisothiazol-3(2H)-one 3(2H)-one

CAS number 26172-55-4 2682-20-4 55965-84-9

Chemical formula C,H,CINOS C,H,NOS -

Molecular weight 149.59 115.16 -

Synonyms Chloromethylisothiazolinone; 2-Methyl-4- 5-Chloro-2-methyl-4-isothiazolin-3-one
Chloromethylthiazolone; isothiazolin-2-one and 2-methyl-4- isothiazolin-3-one,
Methylchlorothiazolone 3:1 ratio; Chloromethylisothiazolione +
Methylisothiazolinone (75% + 25%);
CMIT/MIT or MCI/MIT; CIT/MIT
Usage Preservatives

INCI, International Nomenclature of Cosmetic Ingredients; IUPAC, International Union of Pure and Applied Chemistry; CAS, Chemical

Abstracts Service (1).
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values and factors were selected through expert discus-
sions to assess the potential risk factors associated with
CMIT/MIT. Finally, based on the results of the risk assess-
ment, we also evaluated the adequacy of current CMIT/
MIT regulations.

PHYSICOCHEMICAL PROPERTIES OF CMIT/MIT

Table 1 summarizes the physical and chemical proper-
ties, such as chemical formula and molecular weight, of
CMIT, MIT and CMIT/MIT of CMIT/MIT, that were
investigated (1).

COMMERCIAL USE

As mentioned above, CMIT/MIT is widely used as a
preservative in cosmetics, paints, adhesives, detergents,
and other industrial products. According to the European
Union (EU) regulation, the permitted concentration limits
of CMIT/MIT are up to 15 ppm in cosmetics, up to 15 ppm
in paints, adhesives, and detergents, and over 5,000 ppm
in industrial biocides (2,28).

Among the cosmetics manufactured in Korea, 2,110 of

Table 2. General toxicity of CMIT/MIT

the 100,190 products containing CMIT/MIT comprise
rinse-off products, such as shampoos, rinses, and body
washes (29).

HAZARD IDENTIFICATION

As part of the risk assessment, we evaluated the toxico-
logical profile of CMIT/MIT; this included general toxic-
ity, topical toxicity, developmental/reproductive toxicity,
genotoxicity, carcinogenicity, phototoxicity, and toxicoki-
netics (Table 2-4).

General toxicity.

 Acute toxicity: Several animal experiments demon-
strated the oral lethal dose, 50% (LDs,) to be 7.5 to 78.5
active ingredient (a.i.) mg/kg in rats and 30 a.i. mg/kg in
rabbits (30-34). Acute oral toxicity experiments reported
severe gastric irritation, lethargy, and ataxia to be the most
common toxic effects (34). Dermal LD, was calculated to
be 141 a.i. mg/kg in rats and 4.5 to 130 a.i. mg/kg in sev-
eral rabbit experiments (33-35). The intraperitoneal (IP)
LDs, was found to be 4.3 to 4.6 a.i. mg/kg in rats, whereas
the inhalation LDs, was 0.15~>1.4 a.i. mg/L in other

Studies Route  Species Expgsure Dose Results References
period
Acute Oral Rat Single - LDy, 7.5-78.5 a.i. mg/kg 30-34
Oral Rabbit  Single - LDs,: 30 a.i. mg/kg 34
Dermal Rat Single - LDy, 141 a.i. mg/kg 35
Dermal Rabbit  Single - LDs,: 4.5-130 a.i. mg/kg 33,34
1P Rat Single - LDy,: 4.3-4.6 a.i. mg/kg 34
Inhalation Rat Single - LCsy: 0.15~> 1.4 a.i. mg/L 34,36
Sub Oral Rat 2 weeks 0,0.82,2.5,82,24.4 No treatment-related systemic toxicity 34
acute a.i. mg/kg bw/day was observed
Oral Dog 2 weeks 0, 28, 84, 280, 840 a.i. Slightly reduced food consumption at two 34
ppm high concentrations (male, female)
0, 1.2,4.3, 15,29 a.i. Increased hematocrit value at a high con-
mg/kg bw/day, male) centration (male)
0, 1.3, 3.5, 12, 38 a.i. Decrease in leukocyte counts at two high
mg/kg bw/day, female)  concentrations (female)
Slight decrease in blood glucose at a high
concentration (male, female)
Dermal Rabbit 3 weeks 0, 0.56, 2.8 a.i. mg/kg Moderate dermal irritation observed in 34
(5 days/week)  bw/day all treatment groups
No treatment-related systemic toxicity
Inhalation Rat 2 weeks 0, 0.03, 0.07, 0.13 a.i. Weight gain reduced at two high concen- 34
(5 days/week, mg/L trations
6 hr/day) Death at low and high concentrations

(lesions: pulmonary hemorrhages and
swollen livers)
NOEL < 0.03 a.i. mg/L.
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Table 2. Continued

Studies Route  Species Equsure Dose Results References
period
Sub Oral Rat 90 days 0, 40-80, 132-260, No treatment-related systemic toxicity 37
chronic 400-800 ppm was observed
NOEL: 800 ppm (29.1 a.i. mg/kg bw/
day)
Oral Rat 90 days 0,25, 75, 225 a.i. ppm Irritation of glandular stomach at a high 34,38
concentration
NOEL: 75 a.i. ppm (6.28 a.i. mg/kg bw/
day [male]; 10.8 a.i. mg/kg bw/day
[female])
No histopathological changes up to the
highest dose
NOAEL: 225 a.i. ppm (16.3 a.i. mg/kg
bw/ day [male]; 24.7 a.i. mg/kg bw/day
[female])
Oral Rat 3 months 0, 3, 10, 30 a.i. mg/kg No treatment-related systemic toxicity 34
bw/day
Oral Dog 3 months 0, 84,280, 840 a.i. ppm  No treatment-related systemic toxicity 34,39
Oral Dog 90 days 0, 101, 363, 555 a.i. mg/ No treatment-related systemic toxicity 40
kg diet
Dermal Rat 91 days 0, 0.75, 3.75, 18.75 mg/  Observation of erythema, desquamation, 41
kg bw/day oedema, atonia, and eschar formation
in all treatment groups
NOAEL: £0.104 a.i. mg/kg bw/day
LOAEL: > 0.104 a.i. mg/kg bw/day
Dermal Rabbit 13 weeks 0, 100, 200, 400 a.i. No treatment-related systemic toxicity 34,42
(5 days/week)  ppm
Inhalation Rat 13 weeks 0.0.34, 1.15, 2.64 a.i. Irritation of the respiratory tract at 1.15 43
(6 hr/day, mg/m’ a.i. mg/m’

5 days/week)

NOEL: 0.34 a.i. mg/m’

No histopathological changes up to the
highest dose

NOAEL: 2.64 a.i. mg/m’

a.., active ingredient; IP, intraperitoneal; LDs,, lethal dose, 50%; LCs,, lethal concentration, 50%; NOEL, no observed effect level; NOAEL,
no observed adverse effect level; LOAEL, lowest observed adverse effect level.

studies (34,36). IP administration of CMIT/MIT resulted
in toxic signs, such as decreased motor activity and peri-
tonitis, whereas inhalation of it resulted in toxic effects,
such as dyspnea, salivation, and pulmonary congestion
(34).

» Subacute toxicity: Rats were administered follow-
ing concentrations of CMIT/MIT for 2 weeks to deter-
mine the subacute toxicity: 0, 0.82, 2.5, 8.2, and 24.4 a.i.
mg/kg bw/day. No treatment-related systemic toxicity was
observed (34). However, another study reported toxicity in
dogs treated with 0, 28, 84, 280, and 840 a.i. ppm for 2
weeks. A slight reduction in food consumption was reported
at two high concentrations in both male and female dogs,
and hematocrit values increased at high concentrations in
males. In addition, leukocyte counts decreased at the two

high concentrations in females, and blood glucose levels
decreased slightly at high concentrations in both males
and females (34). Rabbits treated with 0, 0.56, and 2.8 a.i.
mg/kg bw/day for 3 weeks showed moderate dermal irrita-
tion in all groups; however, no treatment-related systemic
toxicity was observed (34). In rats exposed to CMIT/MIT
via inhalation for 2 weeks at concentrations of 0, 0.03,
0.07, and 0.13 a.i. mg/L, a reduction in weight gain was
observed at two high concentrations, whereas death was
observed at low and high concentrations. Moreover, lesions,
such as pulmonary hemorrhages and swollen liver, were
observed. Based on these observations, the no observed
effect level (NOEL) was set at < 0.03 a.i. mg/L (34).

« Subchronic toxicity: To evaluate the subchronic tox-
icity, rats were administered following CMIT/MIT con-
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centrations: 0, 40-80, 132-260, and 400-800 ppm for 90
days. No systemic toxicity was found to be associated
with the treatment, and the NOEL was set at 800 ppm
(29.1 a.i. mg/kg bw/day) (37). However, after rats were
treated with 0, 25, 75, and 225 a.i. ppm CMIT/MIT for 90
days, they showed irritation of the glandular stomach at
225 a.i. ppm. No histopathological changes were observed
up to the highest concentration. As a result, the NOEL was
set as 75 a.i. ppm, and the no observed adverse effect level
(NOAEL) was set as 225 a.i. ppm (34,38). Three indepen-
dent experiments in rats and dogs treated with CMIT/MIT
for approximately 3 months reported no treatment-related
systemic toxicity (34,39,40). After dermal administration
of CMIT/MIT (0, 0.75, 3.75, and 18.75 mg/kg bw/day) in
rats for 91 days, erythema, desquamation, edema, atonia,
and eschar formation were observed in all treatment groups.
Accordingly, the NOAEL was estimated to be below
0.104 a.i. mg/kg bw/day, and the lowest observed adverse
effect level (LOAEL) was estimated to be 0.104 a.i. mg/kg
bw/day or higher (41). No treatment-related systemic tox-
icity was observed in rabbits’ skin at 0, 100, 200, and 400
a.i. ppm after 13 weeks of treatment (34,42). In another
experiment, rats exposed to 0, 0.34, 1.15, and 2.64 a.i. mg/
m’ CMIT/MIT demonstrated irritation of respiratory tract
at 1.15 a.i. mg/m’, whereas no histopathological changes
were observed up to the highest concentration. Therefore,
the NOEL was set at 0.34 a.i. mg/m’, and the NOAEL was
restricted to 2.64 a.i. mg/m’ (43) (Table 2).

Topical toxicity. Several skin sensitization tests using
an occlusive patch were performed on rabbit skin. Treat-
ment with CMIT/MIT concentration of 1.1 to 14.2 a.i.%
resulted in severe skin irritation. Results of another experi-
ment at four different CMIT/MIT concentrations revealed
no irritation at 0.0056 a.i.%, moderate irritation at 0.28
a.1.%, and severe irritation at 0.56 and 5.6 a.i.% (34,44.,45).

Furthermore, ocular experiments conducted in rabbits
using CMIT/MIT reported severe irritation at concentra-
tions of 1.1 to 14 a.i.%. Results of another series of experi-
ments performed using four CMIT/MIT concentrations
showed no irritation at concentrations from 0.056 to 0.01
a.1.%, weak to moderate irritation at 0.28 a.i.%, moderate
to severe irritation from 0.56 to 1.7 a.i.%, and severe irri-
tation from 2.8 to 5.6 a.i.%. In addition, cumulative irrita-
tion experiments performed in 12 rabbits using samples
containing 0.0056 a.i.% CMIT/MIT at a volume of 0.1 mL
for 4 weeks revealed no irritation at 0.0056 a.i.% of
CMIT/MIT (34,46,47).

In another experiment, the bovine cornea was treated
with CMIT/MIT, MIT, or CMIT/1,2-benzisothiazolin-3-one
(BIT) for 10 min to assess eye irritation (48). After the
cornea was washed, it was placed in the complete mini-
mum essential medium (cMEM) for more than 2 hr (48).
Corneal permeability was measured using the fluorine dye

solution to confirm the final turbidity (48). The in vitro
score (IVS) was calculated by measuring the turbidity and
absorbance, and evaluated by a predictive model designed
by Gautheron et al (49). IVS refers to the intensity of the
stimulation; an IVS of 3 or more indicates presence of an
irritant (49). The MIT/BIT (21.8 +3.2) and CMIT/MIT
(16.8 £ 7.3) groups showed a stronger ocular stimulation
than the MIT (9.3 + 5.3) alone treatment group (48). Over-
all, these agents were considered to be mild eye irritants
(48). In addition, a respiratory irritation experiment on
rates determined the 50% respiratory rate decrease (RDs)
to be 69 pg/L (9.4 a.i. pg/L) after a 407 pg/L CMIT/MIT
treatment (50).

Skin sensitization. To evaluate the effects of CMIT/
MIT on skin sensitization, the local lymph node assay
(LLNA) was utilized. Results of this test revealed the
effective concentration (EC3 (%)), i.e., the concentration
at which the stimulation index of the test substance
increases threefold or higher as compared to the control, to
be 30 to 70 ppm (0.75 to 2 a.i. pg/em?) after CMIT/MIT
treatment (51,52). In another study, the EC3 (%) was esti-
mated to be 1.2 and 2.1 a.i. pg/em® (53,54). Based on
these data, CMIT/MIT was identified as an extreme skin
sensitizer in animals.

A number of skin sensitization experiments have also
been performed in humans. Cardin et al. (55) performed a
repeated patch test to assess the effects of CMIT/MIT in
1,450 individuals. Occlusive patches were induced thrice
with CMIT/MIT per week for 3 weeks and maintained for
24 hr. CMIT/MIT was tested for a prototype concentra-
tion of 5 to 20 ppm and for various products. As a result,
no skin sensitization was observed in products containing
less than 12.5 ppm of CMIT/MIT, and only one or two
cases of skin sensitization occurred in shampoos contain-
ing 12.5 ppm and water containing 20 ppm (55).

An occlusive patch test was also performed in nine vol-
unteers. A patch containing 1, 2, 5, 10, 15, 25, 50, and 100
ppm of CMIT/MIT was applied on the volunteers for
48 hr. No skin reaction was observed at concentrations
below 15 ppm. However, one patient treated with 25 ppm,
six patients treated with 50 ppm, and nine patients treated
with 100 ppm of CMIT/MIT demonstrated a skin sensiti-
zation response. Accordingly, CMIT/MIT was evaluated
as a skin sensitizer at high treatment concentrations (56).

In another study, an occlusive patch test using an aque-
ous solution containing 25 ppm of CMIT/MIT was per-
formed in 18 volunteers. The patches were placed on
patients for 24 hr, 3 times a week for 3 weeks. One volun-
teer showed a skin sensitization reaction. A skin sensitiza-
tion response also appeared when the applicant was re-
challenged 6 weeks later. Based on these results, investi-
gators determined that 25 ppm of CMIT/MIT could cause
skin sensitization (34).

pISSN: 1976-8257  elSSN: 2234-2753
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Based on a number of skin sensitization studies, the
National Institute for Public Health and the Environment
(RIVM) reported data comparing the mouse sensitization
threshold by the LLNA test to the human sensitization
threshold by the human sensitization test. In this report,
the threshold for mice was set at 2.25 pg/cm’, whereas the
threshold for humans was set at 1.25 pg/cm® (57).

Developmental/reproductive toxicity. To determine
the effects of CMIT/MIT on reproductive ability, rats were
administered 30, 100, and 300 a.i. ppm of CMIT/MIT in
drinking water. The control group was administered water
and magnesium salt (Table 3). A total of 26 males and
females were present in each group. The CMIT/MIT con-
centrations were administered to two generations of rats at

Table 3. Developmental/reproductive toxicity of CMIT/MIT

0, 2.8-4.4, 8.5-11.8, and 22.7-28.0 a.i. mg/kg bw/day in
the first parental generation (P1), and 0, 4.3-5.5, 13.4-16.0,
and 35.7-39.1 a.i. mg/kg bw/day in the second parental
generation (P2). In the P1 and P2, concentration-depen-
dent histopathological changes were observed in the stom-
ach. At concentrations of 100 and 300 a.i. ppm, erosion,
hyperplasia, and hyperkeratosis were observed. When
compared to the control group, neither the female estrus
cycle in the P1 and P2 nor the male sperm motility, shape,
and number were affected. Moreover, no differences in the
other reproductive endpoints compared to the control group
were observed. In both generations, gastric irritation was
observed at medium and high concentrations; thus, the
parental NOAEL of CMIT/MIT was set at 30 ppm a.i.
(P1: 2.8-4.4 mg/kg bw/day; P2: 4.3-5.5 mg/kg bw/day).

Exposure

period Dose

Route  Species

Results

References

Oral Rat Two
generations

0, 30, 100, 300 a.i. ppm
(P1:2.8-4.4, 8.5-11.8,
22.7-28.0 a.i. mg/kg
bw/day; P2: 4.3-5.5,
13.4-16.0, 35.7-39.1 a.i.
mg/kg bw/day)

Irritation in the stomach

Parental NOAEL: 30 a.i. ppm (P1: 2.8-4.4 a.i. mg/kg
bw/day; P2: 4.3-5.5 a.i. mg/kg bw/day)

No reproductive toxicity up to the highest treatment
concentration

Reproductive NOEL: 300 a.i. ppm (P1: 22.7-28.0 a.i.
mg/kg bw/day; P2: 35.7-39.1 a.i. mg/kg bw/day)

58

Oral Rat

=]

15 weeks , 25,75, 225 ppm

No reproductive toxicity observed

34

Oral Rat

(=]

Days 5-15
of gestation

, 1.5, 4.5, 15 a.i.
mg/kg bw/day

Dose-dependent death observation (low, 1/25; mid,
2/25; high, 3/25)
No treatment-related reproductive changes -
No teratogenicity observed in all treatment groups
Developmental NOEL: > 15 a.i. mg/kg bw/day

59

Oral Rat - -

Reproductive NOAEL: > 10 a.i. mg/kg bw/day
Parental NOAEL: > 10 a.i. mg/kg bw/day

F1 NOAEL: > 2.5 a.i. mg/kg bw/day

F2 NOAEL: > 2.5 a.i. mg/kg bw/day

60

Oral Rat - -

Parental NOAEL: < 3.95 a.i. mg/kg bw/day
Teratogenic NOAEL: > 19.6 a.i. mg/kg bw/day
Reproductive NOAEL: > 19.6 a.i. mg/kg bw/day

61

Oral Rabbit  Days 6-18

of gestation

(=]

, 1.5,4.4,13.3 a.
mg/kg bw/day

Dose-dependent death observation (low, 5/15; mid,
12/15; high, 14/15)

Reduced number of surviving fetuses

Increased resorption sites and observed post
implantation losses

No teratogenicity observed in all groups

34

Oral Rabbit - -

Developmental NOAEL: > 5.49 a.i. mg/kg bw/day
Maternal and foetal NOAEL: 1.41 a.i. mg/kg bw/day

62

Oral Rabbit - -

The highest dose based on severe maternal toxicity at
20 mg/kg bw/day

Maternal NOEL: 2 mg/kg bw/day

Developmental NOEL: 8 a.i. mg/kg bw/day

63

a.i.,, active ingredient; NOEL, no observed effect level; NOAEL, no observed adverse effect level; P1, first parental generation; P2, second

parental generation.
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Table 4. Genotoxicity of CMIT/MIT
Test methods Species Exposure period Dose Results References
Reverse mutation test ~ Salmonella - - Positive in strain TA 100 64-69
(Ames test) typhimurium (with or without S9)
Gene mutation test Mouse lymphoma - - CMIT/MIT increased 70-72
cells mutant frequencies by
up to 10 times
UDS assay Primary rat 20 hr 0.00375-7.5 a.i. pg/mL - 72,73
hepatocytes
Mammalian cell Chinese hamster - 0.00045-0.12 a.i. pg/mL - 74
chromosome lung cells
aberration test
Chromosome Rat (bone marrow 5 days 0,0.28,2.8,28 a.i. mg/ - 75
aberration test cells) kg bw/day
Chromosome Mouse (bone Single or 5 Up to 30 a.i. mg/kg - 76-78
aberration test marrow cells) consecutive days
Micronucleus assay Mice Single or Up to 50 mg/kg bw - 79-81
consecutive days
UDS assay Rats Single Up to 500 mg/kg bw - 82,83
Sex-linked recessive  Drosophila - Up to 86 a.i./mL (feed); - 72,84
lethal test melanogaster 258 a.i./mL (injection)

a.i, active ingredient; UDS, unscheduled DNA synthesis.

The NOEL for reproductive toxicity was set at 300 ppm
ai. (P1: 22.7-28.0 mg/kg bw/day; P2: 35.7-39.1 mg/kg
bw/day). No reproductive toxicity up to the highest con-
centration was noted (58).

In addition, CMIT/MIT was administered via drinking
water to 10 male and 10 female rats per group for 15
weeks at concentrations of 0, 25, 75, and 225 ppm. Fol-
lowing this, mating was performed within the same treat-
ment group. No toxicity to parents and fetus was observed
at 21 days after delivery (34).

Furthermore, oral administration experiments were per-
formed in rats at 5 to 15 days of gestation. The experimen-
tal groups were treated with CMIT/MIT concentrations of
1.5, 4.5, and 15 a.i. mg/kg bw/day, whereas the control
group received distilled water. Twenty-five pregnant rats
per group were selected in which the dose-dependent mater-
nal toxicity was observed. One rat at low concentrations,
two at medium concentrations, and three at high concen-
trations died due to wheezing, alopecia, and gastric irrita-
tion. No other reproductive or teratogenic toxicity was
observed. Based on these results, a developmetal NOEL
was selected at dose of greater than 15 mg/kg bw/day (59).

In addition, embryotoxic and fetotoxic effects were
reported in rabbits at 6 to 18 days post-pregnancy. Fifteen
rabbits per group were administered 0, 1.5, 4.4, and 13.3 a.i.
mg/kg bw/day of CMIT/MIT. This study reported that 0, 5,
12, and 14 rabbits per group, resepectively, were died at
these concentrations due to development of ataxia, diarrhea,

and severe gastric irritation. A decrease in the number of sur-
viving fetuses, increase in the number of resorption sites, and
loss at post-implantation stage were observed. No other
treatment-related teratogenic toxicity was observed (34).

According to the data reported by SCCS (1), additional
studies were conducted; however, no detailed information
was provided (60-63).

Genotoxicity. A reverse mutation test (Ames test) using
CMIT/MIT was performed in Salmonella typhimurium.
Numerous studies have reported CMIT/MIT to mutate
TA100 strain of S. #yphimurium in the presence or absence of
S9 (64-69). In addition, CMIT/MIT is also known to mutate
TA98, TA102, TA1535, and TA1537 strains of S. #yph-
imurium (68), and has a negative response in E. coli (69).

A positive effect by CMIT/MIT was observed in the
gene mutation assay using mouse lymphoma cell line. The
CMIT/MIT treatment concentration range was selected as
nontoxic to 10% relative growth. As a result, CMIT/MIT
increased mutant frequencies by up to 10 times (70-72).

Moreover, CMIT/MIT did not induce an unscheduled
DNA synthesis (UDS). In this experiment, primary hepato-
cytes from rats were treated with CMIT/MIT at 0.00375 to
7.5 a.i. pg/mL for 20 hours. Cytotoxicity was observed
only at concentrations above 0.75 a.i. pg/mL (72,73).

In vitro chromosomal aberration experiments using Chi-
nese hamster lung fibroblasts were conducted where cells
were treated with CMIT/MIT at concentrations of 0.00045
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to 0.12 a.i. pg/mL. Although toxicity was observed at 0.015
to 0.12 a.i. pg/mL, the number of chromosomal aberrations
did not increase as compared to the control group (74).

A chromosome aberration test was also performed using
the bone marrow cells of rats. Groups of five rats per group
were administered 0, 0.28, 2.8, and 28 a.i. mg/kg bw/day
of CMIT/MIT for 5 consecutive days. In this study, CMIT/
MIT did not induce chromosomal changes (75).

In addition, a chromosome aberration test and a micro-
nucleus assay were performed in mice, and a UDS study
was performed in rats (76-83). These studies also did not
induce genotoxicity.

A gender-linked recessive lethal test was performed in
Drosophila melanogaster. The number of lethal cases in
the progeny after oral and injection treatment was exam-
ined. No mutagenesis in the experimental animals was
reported (72,84).

Several genotoxicity experiments showed positive in
vitro results for CMIT/MIT. However, the data published
by the United States Environmental Protection Agency
(U.S. EPA) consider the in vitro studies in the mammalian
system to predict genotoxicity as inappropriate (13).

Carcinogenicity. According to the reported data, two
types of carcinogenicity studies were performed for CMIT/
MIT. First, CMIT/MIT was administered via drinking
water to rats at concentrations of 30, 100, and 300 a.i. ppm
for 2 years. The control group received water and magne-
sium salt. Ninety males and 80 females were present in
each group. Blood and urine samples were evaluated at
regular intervals throughout the study, and at the end of
the experiment, histopathological examination was per-
formed by autopsy. The survival rates at all doses in both
male and female rats were found to be similar to those
reported in the control group. No changes in physical,
hematological, clinical chemistry, ophthalmological, or
organ weight were observed during the duration of admin-
istration in any dose group. During the administration, no
changes in body weight were observed in the dose groups,
but a concentration-dependent decrease in water consump-
tion was observed in the 30 a.i. ppm group (0-22%), the
100 a.i. ppm group (3-30%), and the 300 a.i. ppm group
(15-40%). This was attributed to the unpleasant taste of
CMIT/MIT, not the salt, which acted as a drug stabilizer.
No evidence of treatment-related neoplasms or systemic
toxicity was observed, ruling out CMIT/MIT to be a car-
cinogen. Based on the observed gastric irritation in the
stomach at 100 a.i. ppm and 300 a.i. ppm, the NOEL and
NOAEL were determined to be 30 a.i. ppm and 300 a.i.
ppm, respectively (85).

Dermal carcinogenicity studies were also conducted in
mice for 30 months. Mice were administered 0 and 400
a.i. ppm of CMIT/MIT, and 1,000 a.i. ppm of 3-methyl-
cholanthrene was selected as the positive control. Each

treatment group consisted of 40 mice. CMIT/MIT was
mixed with distilled water to obtain a total volume of
25 pL and administered to the shaved dorsal skin of mice.
At the end of this experiment, all animals were autopsied
and histopathologically analyzed. All positive control groups
died within 16 months due to development of squamous
cell carcinoma of the skin that metastasized to the lungs,
kidneys, and spleen. Focal hyperplasia and dermal inflam-
mation were observed in the CMIT/MIT treatment group;
however, no treatment-related neoplasms were observed.
No other histopathological adverse effects on tissues and
organs were reported. Based on these results, CMIT/MIT
was found to be a non-carcinogenic compound (86).

Phototoxicity. To assess the phototoxicity of CMIT/
MIT on humans a patch of 2 cm® containing 15 a.i. ppm of
CMIT/MIT was applied to the forearms of 2 males and 23
females for 24 hr. After this, one arm was exposed to
ultraviolet A (UV-A) (4,400 uW/cm® wavelength) for 15 min
(stimulated). Stimulated and non-stimulated skin was
examined immediately after irradiation, and 24, 48, and
72 hr after irradiation. The tanning effects of the irradi-
ated sites were also investigated after 1 week. According
to the results obtained, no phototoxic effect by CMIT/MIT
on human skin was observed (87).

« Toxicokinetics: To study the kinetics of CMIT/MIT
after its administration, two pairs of male and female rats
were orally administered CMIT/MIT in liquid form for 7
days. The absorption, distribution, and excretion of CMIT/
MIT were studied. After 7 days, a total of 25 organs were
extracted, and the distribution of CMIT/MIT was exam-
ined by radiography. CMIT/MIT was found to be uni-
formly distributed in animals, with the highest residues
present in the digestive and excretory organs. CMIT/MIT
was detected at concentrations as low as 0.12 to 0.5 ppm
in the brain, spinal cord, and gonads. Most of it (87 to
93%) was excreted in the form of urine or feces. The half-
life of CMIT/MIT was determined to be less than 1 day.
There were no metabolic differences based on gender, and
the metabolic rate of CMIT was slightly less than that of
MIT. This study concluded that CMIT/MIT is readily
absorbed in the organs; however, most of it is excreted
within a day and only small amounts of it are distributed
in the tissues (34,88).

Further experiments were performed to confirm the
absorption and disposition of CMIT/MIT by intravenous
(IV) or dermal administration in rats. It was observed that
CMIT/MIT was rapidly distributed in the blood, liver, kid-
neys, and testes when administered via IV, as evident from
its rapid clearance from plasma within 96 hr with only
29% of the dose remaining in the plasma. This is because
CMIT/MIT binds to hemoglobin and is slowly removed
by the liver and spleen. By 96 hr, excretion in the form of
feces, urine, and respiration was 35, 31, and 4% of the ini-
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tial dose, respectively. Skin absorption studies estimated
the absorption rate in rats to be up to 94%. In addition,
systemic bioavailability was evaluated to be significantly
lower (89).

A concentration range-finding study of CMIT/MIT was
conducted in rats by administering the compound via skin,
oral, and IV routes. In this experiment, the skin absorp-
tion rate was estimated to be 26 to 43% depending on the
concentration. While most CMIT/MIT was released less
than 24 hr after its oral administration, a majority of it
could be released only after more than 48 hr when admin-
istered transdermally. In addition, CMIT/MIT and its
metabolites were found to interact strongly with erythro-
cytes. In conclusion, this study found no concentration-
dependent significant differences in skin absorption of
CMIT/MIT (90). Based on these results, metabolite pro-
files of CMIT/MIT were studied in rats. After oral admin-
istration, 50 to 77% of CMIT/MIT was excreted in urine
and 23 to 54% in feces after 24 hr. In the skin exposure
experiment, 20 to 28% of CMIT/MIT was excreted in the
urine, whereas 1 to 2% of CMIT/MIT was excreted in the
feces. Thus, exposure to skin showed a much slower elim-
ination rate as compared to oral exposure. According to
the results of this experiment, no differences in the meta-
bolic profile of CMIT/MIT were observed when adminis-
tered through different routes (91).

In another study, a skin absorption experiment using a
blood sample from rabbits was performed. Occlusion patches
were repeatedly treated with CMIT/MIT, and blood was
collected up to 55 hr after treatment. The results demon-

strated no CMIT/MIT in the blood (34).

Eight in vitro studies to analyze skin absorption rate of
CMIT/MIT were conducted. Rat skin exposed to CMIT/
MIT was extracted at several time intervals and rate of
skin absorption was measured in a Franz diffusion cell.
The amount of CMIT/MIT that bound or passed through
the skin was calculated. The skin absorption rate for
CMIT/MIT was calculated to be 99 and 117% at 3 and
6 hr, respectively. The maximum skin absorption rate after
48 to 96 hr was found to be 80% (92).

HAZARD DETERMINATION

We next reviewed the studies on the non-cancer risk
assessment and skin sensitization risk assessment of
CMIT/MIT conducted according to the reported toxicity
values. The cancer risk assessment of CMIT/MIT was not
performed, because it is not classified as a carcinogen.
The toxicity reference value for the non-cancer risk
assessment had a NOAEL of 2.8 mg/kg bw/day obtained
from the two-generation reproductive toxicity study in rats
(58). The toxicity reference value for skin sensitization
risk assessment had a NESIL of 1.25 pg/cm®/day obtained
from human repeated insult patch test (HRIPT) (57).

EXPOSURE ASSESSMENT
To determine the extent of exposure to CMIT/MIT

among Korean population as part of cosmetic usage, a
study assessed the skin absorption rate, product concen-

Table 5. Daily usage and total daily usage by cosmetics products in the Korean population

Usage Applied body surface Usage considering body
Type of use Product (g/day)* area (cm?)° surface area (mg/cm®/day)
Rinse-off and hair Shower gel 0.10 17,500 0.005714
cleansing products Hand wash soap 0.24 860 0.27907
Shampoo 0.09 1,440 0.0625
Hair conditioner 0.06 1,440 0.041667
Leave-on and Body lotion 5.48 15,670 0.349713
hair care products Face cream 1.76 565 3.115044
Hand cream 1.38 860 1.604651
Non-spraying deodorant 2.33 200 11.65
Hair styling 0.28 1,010 0.277228
Wet wipe 4.57 17,500 0.261143
Makeup products Liquid foundation 0.30 565 0.530973
Makeup remover 0.21 565 0.371681
Eye makeup 0.02 24 0.833333
Mascara 0.03 1.6 18.75
Lipstick 0.05 4.8 10.41667
Eyeliner 0.01 32 3.125
Total usage per day +16.9 51.67438

2014-2016 advanced evaluation of cosmetics risk assessment in Korea (93).
PRefer to body surface data in Bremmer et al (96).
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Table 6. Estimation of systemic exposure dosage (SED) by cosmetics usage (non-cancer)

Cosmetics tvpe Concentration of CMIT/MIT Cosmetics Skin absorption rate Body weight SED
P in product (%) usage (g/day) of CMIT/MIT (%)* (kg) (mg/kg bw/day)®
Representative 0.0015 169 100 60 0.00423

type cosmetics

SED, systemic exposure dosage.

°Due to the high standard deviation of the results in the human skin test, the skin absorption rate cannot be accurately confirmed; thus,

the skin absorption rate is 100% (1).

PSED = cosmetics use (mg/day) x concentration of cosmetics ingredient in cosmetics (%) x skin absorption rate (%) of target

ingredient + 60 kg.

Table 7. Consumer exposure level (CEL) based on cosmetics consumption (skin sensitization)

Cosmetics tvpe Concentration of CMIT/MIT Cosmetics usage CEL
P in product (%) (mg/em’) (ug/em’)y?

Representative type cosmetics 0.0015 51.6744 0.77512

Rinse-off products ’ 0.3890 0.00584

CEL, consumer exposure level.

°CEL = Use amount of cosmetics considering body surface area (ug/cm?) x concentration of cosmetics of target component (%)/100.

tration, and body weight as per the available cosmetic
risk assessment guidelines (93). The amount of cosmet-
ics used was based on the actual usage of each product
by the Korean population, determined from the advanced
evaluation of cosmetic risk assessment conducted from
2014 to 2016 in Korea (Table 5) (93). In addition, based
on actual data, cosmetics usage based on body surface
area was calculated (Table 5) (93). Exposure scenarios
were evaluated assuming daily use of 16 representative
cosmetic products, such as body lotion or daily use of
rinse-off products. The systemic exposure dosage (SED)
through the skin was calculated using the following
equation (Eq. 1):

SED (mg/kg bw/day) = A (g/day) x 1,000 mg/g
x C (%) x DA (%)/BW (kg), (1

where

“SED” is systemic exposure dosage, “A” is daily usage
of cosmetics, “C (%)” is the maximum allowable concen-
tration in the product, DA (%) is dermal absorption rate,
and BW is body weight.

The SED through the skin was calculated assuming that
all representative cosmetics containing 0.0015% of CMIT/
MIT were used during the day. Therefore, cosmetics usage
was determined to be 16.9 g/day. According to the data
reported by SCCS (1), several in vitro and in vivo skin
absorption experiments on CMIT/MIT were performed.
However, since CMIT/MIT consists of two active ingredi-
ents, it was difficult to accurately evaluate the skin absorp-
tion rate, resulting in a standard deviation (1). Therefore,
this study considered 100% skin absorption to be the worst
scenario. Body weight was assumed to be 60.0 kg, which

is the average adult weight. As a result, the SED of CMIT/
MIT through the skin was calculated to be 0.00423 mg/kg
bw/day (Table 6). In addition, the consumer exposure level
(CEL) for the skin sensitization risk assessment was calcu-
lated using Eq. (2).

CEL (ug/cm*/day) = A (mg/cm?/day)
% 1,000 pg/mg x C (%), 2

where

“CEL” is consumer exposure level, “A” is daily use of
cosmetics considering the body surface area, and “C (%)”
is the maximum allowable concentration in the product.

The CEL was calculated assuming that all representa-
tive cosmetics or rinse-off products containing 0.0015%
CMIT/MIT were used during the day. Therefore, the cos-
metic use considering the body surface area was deter-
mined to be 51.6744 mg/cm?*/day or 0.3890 mg/cm*/day.
As a result, CEL was calculated to be 0.77512 pg/cm*/day
for all representative cosmetics products and 0.00584 pg/
cm’/day for only rinse-off products (Table 7).

RISK CHARACTERIZATION

A study confirmed the results obtained in the risk
assessment studies through the calculation of the margin
of safety (MOS) (93). In the non-cancer risk assessment
category, MOS was calculated as the NOAEL/SED, and a
value of 100 or more was considered to be safe (93). It
was estimated to be 633 using a NOAEL of 2.8 mg/kg bw/
day and SED of 0.00423 mg/kg bw/day (Table 8). These
results indicated that no risk of sensitization existed at
concentrations below 0.0015% of CMIT/MIT contained in
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Table 8. Noncancer risk assessment of CMIT/MIT

Concentration of CMIT/MIT  Cosmetics usage SED

NOAEL

Cosmetics type in product (%) (g/day) (mg/kg bw/day)  (mg/kg bw/day) MOS
Representative type cosmetics 0.0015 16.9 0.00423 2.8 662.7
SED, systemic exposure dosage; NOAEL, no observed adverse effect level; MOS, margin of safety.
®*Margin of safety (MOS) = NOAEL + SED > 100: safety.
Table 9. Skin sensitization risk assessment of CMIT/MIT
. Concentration of CMIT/MIT ~ NESIL a AEL CEL .
Cosmetics type in product (%) (ug/em’) (ug/om’)’  (ugfem’) AEL/CEL
Representative type cosmetics 0.0015 12 300 0.00417  0.77512  0.00538 (Not acceptable)
Rinse-off products ) 25 100 0.0125 0.00584  2.14225 (Acceptable)

NESIL, no expected sensitization induction level; SAF, sensitization assessment factor; AEL, acceptable exposure level; CEL, consumer

exposure level; MOS, margin of safety.

®SAF: 300 = interindividual: 10, matrix: 3, product use: 10; SAF: 100 = interindividual: 10, matrix: 3, product use: 3 (94).

PAEL = NESIL/SAF.
AEL + CEL > 1: safety.

all representative cosmetics products. In the skin sensitiza-
tion risk assessment, MOS was calculated as AEL/CEL
and was considered safe when the AEL/CEL ratio was 1
or more (93). Here, AEL was calculated as the NESIL/
skin sensitization assessment factor (SAF), which was
determined to be 300 when all representative cosmetics
products were considered; it was 100 when only rinse-off
products were considered (94). Based on an AEL of
0.00417 pg/ecm?*/day and CEL of 0.77512 pg/cm*/day or
AEL of 0.0125 pg/cm*/day and CEL of 0.00584 pg/cm’/
day, AEL/CEL values for the skin sensitization risk assess-
ment were calculated to be 0.00538 and 2.14225, respec-
tively (Table 9). These results indicated the possibility of
skin sensitization with all representative cosmetics prod-
ucts containing 0.0015% CMIT/MIT. However, no risk of
skin sensitization was observed if only rinse-off products
containing 0.0015% CMIT/MIT were used.

SUMMARY AND CONCLUSION

In the present study, we performed a risk assessment of
CMIT/MIT, a widely used preservative in cosmetic indus-
try, to confirm its appropriateness for use as per the cur-
rent safety standards. The results of the non-cancer toxicity
assessment in a two-generation reproductive toxicity test
revealed an NOAEL of 2.8 mg/kg bw/day, whereas the
skin sensitization toxicity test determined the NESIL to be
1.25 pg/ecm*/day for humans (57,58). When considering of
all types of cosmetics, the MOS of non-cancer risk assess-
ment was over 100; however, the AEL/CEL ratio of skin
sensitization risk assessment was less than 1, indicating
skin sensitization could be a possibility. The AEL/CEL
ratio of skin sensitization was calculated to be 2.14225 for
rinse-off cosmetics, indicating absence of any dermal risk.

In addition, the results of the risk assessment were com-
pared to those of the international risk assessment agency.
SCCS (1) selected the NOAEL as 2.8 mg/kg bw/day for
the CMIT/MIT according to the two-generation reproduc-
tive toxicity study in rats. In addition, after evaluating
daily rinse-off products containing 0.0015% of CMIT/
MIT, the MOS was calculated to be 7,368, and no safety
concern was determined (1). In addition, the RIVM (57)
recommends a quantitative risk assessment of skin sensi-
tizers as a method to ensure safety against skin sensitiza-
tion. A risk assessment for skin sensitization was performed
on 2 to 15 ppm of CMIT/MIT in body shampoo/gel, lig-
uid soap, bubble bath, body lotion/cream, shampoo, and
eau de toilette. According to the results, the skin sensitiza-
tion AEL/CEL of the eau de toilette was calculated to be
0.005, which the RIVM (57) considered a safety concern.
The CIR did not perform a quantitative risk assessment;
however, CMIT/MIT was evaluated as safe at concentra-
tions of 15 ppm for rinse-off products and 7.5 ppm for
leave-on products based on the cumulative patch test for
humans (13,95).

At present, CMIT/MIT is widely used as a preservative
for cosmetics in Korea and Europe (16,17). In addition,
CMIT/MIT serves as a raw material in rinse-off products
at a concentration below 0.0015%; however, its use is pro-
hibited in other products (16,17). Based on the results of
the risk assessment performed in the present study, the
current CMIT/MIT regulatory values used in the cosmet-
ics industry are evaluated as appropriate.
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