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Intra-tracheal Administration of the Disinfectant
Chloromethylisothiazolinone/methylisothiazolinone (CMIT/MIT) in a
Pregnant Mouse Model for Evaluating Causal Association with Stillbirth

Byoung-Hun Kang*, Min-Sun Kim**, and Yeong-Chul Park*'

*GLP Center & Dept. of Toxicity Assessment, Daegu Catholic University
**College of Pharmacy, Sunchon National University

ABSTRACT

Objectives: Recently, a report was published that the humidifier disinfectant CMIT/MIT did not cause
developmental toxicity and was not detected in systemic circulation as a result of an inhalation toxicity test.
Therefore, this study was carried out to investigate any associations between CMIT/MIT exposure and
developmental toxicity using the in vivo apical toxicity test method.

Methods: Groups of pregnant ICR mice were instilled in the trachea with chloromethylisothiazolinone/
methylisothiazolinone (CMIT/MIT) using a visual instillobot over a period of seven days from days 11 to 17
days post-coitum. For the in vivo apical toxicity test method, an LDsy-based dose-range finding model was
applied to decide the dose range for inducing developmental toxicity.

Results: Among the groups of 0, 0.1, 0.5, 1.0, and 1.5 mg ai/kg/day CMIT/MIT, the exposure groups of 0.5 mg
and 1.0 ai/kg/day CMIT/MIT were estimated to reflect the thresholds for the stillbirth and death of pregnant
mice, respectively. The groups of 0.5, 1.0, and 1.5 mg ai/kg/day CMIT/MIT induced stillbirth rates of 2.57, 10,
and 53.8%, respectively. Another exposure group of 0.75 mg ai’kg/day CMIT/MIT did not induce any deaths
of pregnant mice and resulted in a stillbirth rate of 8% in only one of six pregnant mice.

Conclusions: CMIT/MIT can induce stillbirth in pregnant mice. It was also concluded that CMIT/MIT moves
through the pulmonary circulation system and then continues on through systemic circulation and the placenta.
There is a possibility of stillbirth and other health causalities in humans beyond the lungs caused by CMIT/MIT
exposure.

Keywords: Humidifier disinfectants, CMIT/MIT, developmental toxicity test, intra-tracheal instillation,
stillbirth
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(Time course of mouse development)

Preimplantation
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Fetal growth
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06 18 2535 56 £y 25 Days post ovulation
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Preimplantation | Emblyomc 1 Fetal period
period ™/ period ¥ Weeks post ovulation

(Corresponding human developmental stages)

Fig. 1. CMIT/MIT treatment period and comparison of mouse and human development. Intra-tracheal treatment with
CMIT/MIT was carried out in pregnant mice to evaluate a causal association with the death of their offspring for

7 days from days 11 to day 17 post-coitum.
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l

The highest dose applied to a main test

Fig. 2. Flowchart for LDjy-based dose-range finding
model.
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mg aikg/day &l Fo 294 7+t 1wy
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Rl 79 1kl o ARESETE. ok
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Table 1. Mortality of pregnant mice by CMIT/MIT treated-groups and -days

Survival/ CMIT/MIT treated-groups (mg ai/kg/day)
Treatment days
Death 0 0.1 0.5 1 1.5
1 Survival 4/4 3/3 3/3 3/3 4/4
) Survival 4/4 3/3 3/3 2/3 3/4
Death 1 1
3 Survival 4/4 3/3 3/3 2/3 3/4
Death
Survival 4/4 3/3 3/3 2/3 3/4
4 Death
5 Normal 4/4 3/3 3/3 2/3 3/4
Death
6 Survival 4/4 3/3 3/3 2/3 3/4
Death
7 Survival 4/4 3/3 3/3 2/3 2/4
Death 1

J Environ Health Sci 2018; 44(5): 468-479
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Table 2. Stillbirth rate of their offsprings from CMIT/MIT-treated pregnant mice

CMIT/MIT treated-groups (mg ai/kg/day)

Groups
0 0.1 0.5 1 1.5
No of survived mother 4/4 3/3 3/3 2/3 2/4
No of total offsprings 56 47 39 20 26
No of stillbirth offsprings 0 1 2 14
Stillbirth rate (%) 2.57 10 53.8
Status of stillbirth ~ Undeveloped 0 0 1 2 14

A=At 53] Fol 29410 1 mg aikg/day &%
ol AR IHAI7E ER1E o] o] &3] dalvt
$-2=0 tjg CMIT/MITS] ALDZ 4 Ht}

3. ARET AR 54
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nh-2of| A SAkE uRg2a0] S0} ARHE (stillbirth
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0.5, 1 223 1.5 mg ai/kg/day 59 &oHolA]
JAmR-2~ 1wl HdE 14, 156, 13, 10 12
313 mlgelitk. 28 0, 0.1, 0.5, 1 Z# 3L 1.5
mg aikg/day &FE gt AMHES ZH7} 0, 0,
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of W} ARFEC] EolA= ke IATE I
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= 2% ¢ @& 0.5mg aikg/day §FTOE F
AENL. BAXHLSZE 0.1, 0.5 mg aikg/day &
o] txw} frolst Hsrt fIeY 1, 1.5 mg ai/
kg/day &3 R ARFEANA fo)gt W3]
7} 2915 A tH(p<0.05). Table 2014 AREe] el
(status of stillbirthyE )X AALE 53 4 (normal)
= vdd(undeveloped)E T-Este] LERATE H
ek Al A ARG AASS 23k
ogEr) ddo] x| grol A9 m|&Ek AEHIE
ojulsic), mdg Adelel ARR-2E 0.5, 1 28
3L 1.5 mg aikg/day 5] &FelA 242 1, 2 B
14 2 gRIFoH ARFE BE AL
el g = A=

o]¢} o] CMIT/MIT &3l e} wjdhd 3l <
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A) No treatment

B) 1 mg aikg/day treatment

o

Amnion

e

c-2)

C-1)

C) 1.5 mg ai/kg/day treatment

Fig. 3. Stillbirth status from CMIT/MIT-treated pregnant
mice. CMIT/MIT 1.0 and 1.5 mg ai/kg/day-treated
groups showed offsprings were stillbirthed with
amnion and less developed status. (A) Offspring
killed mercifully from the control group, (B)
offspring killed mercifully from the CMIT/MIT
1.0 mg ai/kg/day-treated group, and (C) offspring
from the CMIT/MIT 1.5mg ai/kg/day-treated
group showing more undeveloped than offsprings
from CMIT/MIT 1.5 mg ai/kg/day-treated group.

ut Zdee] AR5 QFE AN mercy killyd 7%
AAmRe-2 Aol HIWE Fig 3o UERATE Fig.
39] (Aye UIZE, (B)= CMITMIT | mg ai/kg/day
S8, 283 (Cy= CMIT/MIT 1.5 mg ai/kg/day
S0 2 HE A A uke-2o|t) txate] A
 ¥wsled CMIT/MIT 1mg aikg/day &<
AReRe-2am A7) 7F AL B AR T2 v e
Ql Aoz F1g 4= 9Tt Fig. 39] C)y= CMIT/
MIT 1.5 mg aikg/day &FollA S48 ARl
22 C-1)XARH 24 Al ¥ (amnion) FEIE Al
Agh & AFe A3, AR 5ol 1.0 mg aikg/day
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Table 3. Weight gains of mice during pregnant period

Treatment CMIT/MIT treated-groups (mg ai/kg/day)
day 0 0.1 0.5 1 1.5
1 44.2+1.06 42.0+2.88 41.6+£2.69 40.7+0.57 42.4+0.00
7 62.5+£2.64 59.94+5.06 51.7+4.10 49.0+8.41 39.9+5.16
gains 18.3+2.68 17.9+2.18 10.1+1.79* 8.3+7.85* -2.6+5.16*

*; Significant difference from that of control group

Sge] ARk e2ET o e ER] RS w]sdh
defolele= 3ol BRIFALE C-2)9] ARII-2E
1.5 mg ai/kg/day &-rollA] Bl mls3t mle-2
ojth, AE&HFA CMIT/MIT 0.5, 1 E 1.5mg ai/
kg/day &2 T3 FoEH CMIT/MIT 3o =
STE ARk nidd Hrrt g st
CMITMIT =& &3] 32255 vjde st 4
3 SNk AV e Aoz FAHHL
olsh & Abrbug-2e) wubgre] loA Gk
S A= Table 39NMATE A9 FA| = (weight
galn) HsleME gRlo] AT} Table 32 CMIT/
MIT Fof 19A1e} 785 Abe] AT F7HFS L‘rE}
@ Aotk CMIT/MIT Fo7|7kel Z71e xﬂ
oJu)skE A (gain weight)yS t2T-g X3 '3]'04
0.1, 0.5, 1 28] 1.5mg ai/kg/day 52| &Fol
A 7Fz} 18.342.68, 17.9+2.18, 10.1£1.79, 8.3+7.85
B3 -2.6+5.16 g SOIATh AR} YITH
CMIT/MIT 0.1 mg ai/kg/day &3 iz &
Aol A zpol 7} GIAUA T ARtale-25 E443E 0.5,
1 28] 1.5 mg aikg/day 52| &3 x4
v ol 4] SR #e] frol gk xhe]7F ERIE ATH(p<0.05).

4. 0.75 mg ai/kg/day CMIT/MIT S0

AE7HA 9] A= LDy, 58-838% S48
2dg Fo F4¥ o CMITMIT §3-2 3-8
sfed QdAluhe- T2 o] SRFE FkE vk
of ek e AT Aok, AFH o= o5 &
ol olal] YAIwk-2 8L AP uk-20] GlojA] Al
o] FEHAY Aol A 271 sl o]
Aek mde] 842 7ig71dtA CMIT/MITE
EEFHUARE AEF Aol AR Hopt g
AR A 8ZzAL] o] R AP Ak
El Slck. meb LDy, 8883484 54/ 2d
< 5% CMIT/MITS] ALDY! WAL 427}
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Table 4. Stillbirth rate of their offsprings from 0.75 mg
ai’kg/day CMIT/MIT treated-group

CMIT/MIT
treated-groups

Groups (mg ai/kg/day)

0 0.75

No of survived mother 3/3 6/6

No of total offsprings 45 87

No of stillbirthed offsprings 0 7
Stillbirth rate (%) 0 8

Status of stillbirth Undeveloped 0 7

ol2f gt S Whsr] flaf 8-8] o FofRlrt. o]
u] Table 2o14*& 0.1, 0.5, 1 Z2]3 1.5mg ai/
kg/day 5 CMIT/MIT &3zolld Yilmpbg-2o
th&+ ALD7} 1.0 mg ai/kg/day, Z4HE A& nRg-220]]
the ALDE 0.5mg ai/kg/dayS 2 FHE AT} o]
£ EOE st & AYEG dAlekeola o] AL
Aol ASS $5E 5 9= Py A%
3k CMIT/MIT ZH )83 0.75 mg aikg/daye & F
A=A}, Table 4= 0.75 mg ai/kg/day CMIT/MIT
7F BAE ApInke-zo] &I AR tiE] Ve
W Zojtt, JAlnke-2 6ule] BF7F 2471 AE
stk Zlo] ERRlx|o] Aalupke-2o] Abgel] tigh
9 %] (threshold)7} 0.75 mg ai/kg/day CMIT/MITS.2
FA4 k. CMIT/MIT 0.75 mg ai/kg/day -&3<oll A
Z4HE mhe-2E 87 riglollom o|F 7 mig] 7} AL
AEo] AR 8%E AREEITE 53] AR vt
F&E BA el YAlnke-zolx Sk 219
2] oA WA SATH ARk TakE] B A
A2 H T} ALR] digro] wlsgt Aol AT
Fig. 4= IZ33 0.75 mg aikg/day CMIT/MIT
SRrolA A A w20 FtAl TS vER
Ao g AP uRe-20] AT AL AT e
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Fig. 4. Comparison of offspring’s body weight. *; The
mean weight of offsprings from CMIT/MIT 0.75
mg ai/kg/day group are significant difference from
that of control group.

A2 FFAFL 1.57£0.159 g, 0.75 mg aikg/
day CMIT/MIT &&9] 2Ave2 FaAF2
12740203 g2 7k o3k ztol7} gt
(p<0.05). W= CMIT/MITE AlAule-2o] A5
s frske Aow FHEL. a3y CMIT/
MIT &&o|A Sk A mRe-20] A 74 o]
Qo) FAXE Sl AFH o= 71FA FEe |

5. ARMED cMIT/MITS| 88-HES 2|

Fig. 55 0.75 mg ai/kg/day CMIT/MIT &H7S
E3Fste] 0.1, 0.5, 1 283 1.5 mg ai/kg/day CMIT/
MIT 59| &3 §7 APbake-2ote] &aFnkg
HAE TA YERE Zlojth. &3+ 0.1, 0.5, 0.75,
1 283 1.5 mg ai/kg/day CMIT/MITo)| w2 ARk
Eo] Zzt 0, 0, 247, 8, 10 I 53.8%CF 3}
=] &7 F7tol wEl ARHEC] EolAl= &%
S #A7}F 0.75 mg ai/kg/day CMIT/MIT &+
< Egste] A= AT

cMIT o

Cl

[\ eerd—> [
S/N\
CHs cl
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o

Fig. 5. Stillbirth rate of their offsprings born from CMIT/
MIT-treated pregnant mice.

=
MIT?] 7= HAFA7} o]FoiRi). JAalule-2=o
3k 799] 7|7k A A7 7 A 852 Hj
o} 717+ & 3059 Elo} 717+ E s wEhA
CMIT/MITS] 7= HA5
2} 5o BEo] JFS =

I
[}
B AT §uHEE

L

w=Zo] HAT HEF 2

3 ) @ ol
ehe Q7R ejsby Aol wdE BAAY 4
wgo] $g99)

AL 934 LDy, $8-8F44
o mde| 34 BAe swe] Abg

Aol &3S 3] el 1l 7= A
HEAZS E3l oZne20] thek CMIT/MITY] LDs,

HN_ o,

\& 1\ __ Disulfide bond
S-protein

S

|
“—» Inactivated protein

Fig. 6. Disulfide bond of electrophilic CMIT with protein’s-SH group (Cited and modified from Ref 5).
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(=4 [== Ly

o] 1.79 mg aikgSZ FAHE UL}

Vit 59 AP mEH HFFE 58 LDsy/
ALD 91217} o)l A 1.59-2.1, mR-20)|A] 1.46-2.5,
T8]3 TS $3 LDsy/ALD 1A= HHEolA
1.25-2.84, vh$-220lA 127-1.6122 FHFAUTH &
AT E 71 FAFA o5 # &4 9
Lq]v‘:'__oﬂ X-]uﬂquE Ea} LDso/ALD o]z]_o] ﬂx17lo
12580} 2o 1271 AL5 Tt WAl CMIT/MIT
9 LDWETE% PAIERe-20] Al ZefE 4 9l
£ 4839 ALDE 1.5 mg aikkg/day CMIT/MIT
2 FHeH o]g HEo] FTH O 0.1, 0.59
1 mg aikg/day 522 §to] AAHEFUCE &
JHAE 83 7= HHFEAE B3 0.1 2 0.5mg
ai’kg/day & X dalvke-2=9] Abgo] 1A
9 13} 1.5mg ai/kg/day CMIT/MIT &3tollA+=
PAImR-20] Abgo] gRIE|rh. wbA] FAlmke-
220l thdk ALDE 1.5 mg ai/kg/day CMIT/MIT®]%]
T JAlek-Ze] tist ALDE o] Hrh we lmg
ai/kg/day CMIT/MITO.2 F4 ), waha 7];
AFAE Foll A=) AP fEdkA
CMIT/MITS] FHth-&3-2 0.5 mg ai/kg/dayS 3] 35}k
3 1mg ai/kg/day PITEO 2 FHE AT

CMIT/MIT®] 47 &F=22] A Jalvke-2 13
uhE] 5 3ukE]7E AFSEAIE YA 10mk] oA
132 v2] o] AlAw-27F E2kE ATk CMIT/MITS]
47 & F 0.1 mg aikkg/day &7t A 23}
3L 0.5, 19} 1.5 mg ai/kg/day §FollA A 132
viE] F 1797 APgEle] CMIT/MIT =Zof <
g ARHEO] 12.9%E ERIESH. 53] §3+t0] =
S4E ARMRE-229] H]go] =o} CMIT/MIT ==
B ARuRe-220] 24 Abolo)] &Rk AAI7E
UE AR FHAY 7 HAFAE T3 AR
wpe-2of sk CMIT/MITS] ALD7} 0.5 mg ai/kg/
day® FH == JAluk-29] ALDS! 1 mg aikg/
day®] °F 50% Hroltt. o= YAlmke-2E Tt vt
9 giz7F CMIT/MITe O 9izsithe AL 2R
gt &, JAlnke27F S g AR
WAo] Thssithke Zlolth ol& @klshr] flal ¢
Aupg-20] APES 2P s @S AoE FHE=
FH-EFO=Z 0.75 mg aikg/day CMIT/MITS 274
ato] JAlmbe-2o] Zm A Fo7E o]FojHT)

CMIT/MIT 0.75 mg ai/kg/day &FollA] Jalnk$-
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ovt= 7 AEslen vk 87mie
7ak]7F AR AT 58] 7etE] o] AR ek
1)) Almbe-2o X SA3E 21mk] AlA et
9] %“:‘OID} w2 CMIT/MITE YAk
= EHoW Gobe ARE-AE sk
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B AFelA CMIT/MITE] Yalulg-2of st 7]

>

>~
-
OET

L 0 1o Ho pfb ofy [
-1)1' mlo

o
u,lﬂi

Q
) E o
3

/M
o] 71

5 r 3 j'g
oo °lf°
oru

Oﬂi

mlm

e

Ll

an

FJ

2
N

T JAFAE S8l ARe27E ERlElen <
A717E &<F CMIT/MIT EZol] o3k wjAk 2 e}
o] wjldro] ARAle] Q01O g FAHETE T o]
sk =42 xAARe} Eﬂﬁoi PAIrR-20] S|
ool A uRe-20] AT R ojn] A ET
ARRRe] 9lo g FAEE vdES CMITMIT =
4717 9] sl ey =] 3F5HE<]l ATP (adenosine
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