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77 AdAZE AR e 9ol dlewel HHse sk
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FA7HA ZAo] WAAA ke HYAT Bol Tk BKCE 4 F ¢uF
TEE 7R Fol24 ARTAARA A, AL, A5G AEA B
HEAZ AFEEO gto, 5t FUAFAE Uk 7= 8ol o] FoxA
otk Tkl Al o= AREEIE Benzalkonium chloride(BKC)=
20183 AP RAATFLANAE 13F FY SAANES T WG =
A 717 #2772 #EE o] NOAEL(No-observed-adverse-effect
level, FEFAIELDHS AMEAoU ZAAAS BA] A=
SEA AR A7 Bestth o, B ATelME BKC 909
obeby  Ade] ARolA WEAWMES olgde] Ld=r] Mg,
BB S, AZ|BA HE AN FHED AU fEEHe 5714
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A8 A (biocide)#F w380], Alt, 257, &%, X7 & Falld =5 Ao %
AAsE7] 18t EAZ EU Regulation No 528/2012 article 3 (la)[1]ol4]
AAAE AREAPl A @Y B e EFEER ATEHY, ¢ed 224 BE
NAA i 9o WMo R s ol @AAEHARE FAYAY 2HEEE
BAA 2 AEs 3, oA, FasA7IAY, e 2es AAsiAY
k"2 B E okl gl shAINh o] oo Ty EHololk A&
e Bde ASAR ERE
FAA = Aol MY T G FHAsA ARREHL Atk
HZAop A= Bedolu By AlA 01]7\1 =S Ao, HAS st
el WHEAY AdAdlE ARREY, ofs HEARE ARSET T3 dSAA,
s, FHEAA, 7 23 HA #HVHOH/HE AAAAZY EFE o] ATt
= = ARSEHA AMEE =, S0y SR Hd
&, 5, Wl 71 871 58 Arey] dl ARgETh SAelA =
U s=s A5 0 ARRHY, A, st el AR E =T, d4,

AF7E FFAEe AT 2APAAME = ol ARYA
go] F7kstaL et % T sES BRIg, e UetESE 3oy
=S 7] Yl Methyl bromidet} Phosphine & 2btAl& T2 28,
25 & WY FREAS AL 34’5117\15 AR-g-H Tt
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Aol A, 9% A2 falel ARCAA ek B2 Bl .
2AEE AYAIANA HYAE Agstel AYHOE AL, HYAE
AgR goltt Jlpel HEde]l pHAoR wEE & Uk MAAE T2
FANE 22 229 F Yo, FULTE AUTIA FIAS 22k
Qe Agel AL A E AelE BAo] FushuA WA 4 gla, 1Y
wEe BAS 55, AN, AT 0 dofd & Avh MAAE QAR el
ool W AF BN ANl B3 UL & Qor, IV, E 55,
NAA D G B AT 0 Atk T, o8, F2, 4F, Hgel A

o wfjzel m EPA(Enmronmental Protection

Agency)= A gt SEAEZE AASAL, FHIATS REACH

(Registration, Evaluation, Authorization and Restriction of CHemicals)2}

0174]’8}04 A GtAE Astete] #ElE st vk wuldle S8,

TR R BARARgA #AdAger AAAE  #E sk,
2019%1?%% R FO I R e e

‘stetEAe 5 % Wb Soll A3 Y

T A AT b7l AEA gEem AgHgEd, 2011de
At} ol A AR AAHE Fuste] ek Azle] WA,
SAAZE AR BAZE STk 7P Be AAE W PHMGS PGHE #48
A0lo] 4457] HFAZ A B ARPE SHATS Bue Agstn 9o,
79 WA B4 ATt RER Agoln

V57 AtAl AEoe® AMEESY Benzalkonium - chloride(BKC)+=
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o Al FHo| dF % #A5E I HXue et al, 2004). HEdH AR

ub oA BKC7F  2teld  2EfAE fusiE Aoz dEA

S (Debbasch et al, 2001), ¢H27]4 HF IFIS st 2o=

2 9ItHOrsini et al, 2018). BKC @t w3 w2 A&od BALF IgEzt

7Vl ddl27] S7do] 15 A oM (Swiercz et al., 2008), BKC = 135
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B Aol BKC 0% okl M@ AR WeHasHe o o]
Se|zr] ug, ABeEd s, AVHA AL QPR FED vk fuEE
EFA 54710 ek, o) B olgste] BKC A 224 % Avlel )
8T ARNE AT Bk
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1. AESE ¥ NEE 74

BEAFo = EAHYA FASPF) 552 <% Fischer 344 #=(Japan
SLC, Inc., Hamamatu, Shizuoka, Japan) 77322 F3dHA}t 2 v+ &
e 10y 2 AAse]) 27 (0mg/m’) ¥ BKC(1.80 mg/m’) o2 43}

BKCE &3t =52 AHddddr w2843 fARIES 49 6413,
T 547 AAFZYeE W o7 1377 =& tHIE 1),
<EH 1> Al 22%9H
Group Doses No. of Animals
(mg/m®) y

Control 0 10

BKC 1.8 10
2. HUBHN ZA}

==

NGFRLIE 3u0 o4 B2 BopEael A ARSI AAG B F
o 2471 (ADVIA - 2120;,

N

°F Imlt= EDTA7F shHrd FEA AFt F
SIEMENS, Frankfurt, Germany)® W&+ Z¢ I3 3AM, 39,
el FE o] F49k v &S SAE

S A}

ol
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AZE Lefol=x F8kan 7 (Scope Al, Zeiss, Oberkochen, Germany)2.&
AR ARHFAS Y 24 ZAde v 22 7oz HUsigth

Minimal: v "] 8k Mild: 7 %=, Moderate: %%, Marked: 4] 3t

X

=

4. 9

1ol

r

CHAAL

1 Astra Blue-Vital New Red <344

27y BKCtollA 5rbe] A AdS 3t &glol=5 100% Xylene 23],
100% Ethanol 23], 70% Ethanol 13], 50% Ethanol 13] #g|sle] &A1 T}
DW(Distilled water)oll &<*th. 71 th5 Astra blue 48 3 & ¢ d48 &
DW= 3wt} 2 thS Vital New red £9& 30% w9 Ag3 & DW=
3+th 1 the Mayer's hematoxylinol] 30% E¢F QAs & s 2= FEE
2% Fot FAStL, STl Btth 1 v 50% Ethanol 13], 70% Ethanol
18], 100% Ethanol 23], 100% Xylene 23] A sle] &3 v AHY
sdfol=® F9 gt

2) Alcian blue-PAS <48

273 BKCT oA 5ulg] & v &gfol=g A¥S sl 100% Xylene
23], 100% Ethanol 23], 70% Ethanol 13], 50% Ethanol 13] # 2|3}
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FEE 28 FoF = the 3% acid alcohol® S st} 181 Scott's
bluing®.= Y E 3 & s2= x5 FA S 1 v 50% Ethanol 13],
70% Ethanol 13], 100% Ethanol 23], 100% Xylene 23] 2 A g]3}o] &3t t}2
ol =g AW EeEolEg Byt gad Sehol=& #dn 4 (Scope Al,
Zeiss, Oberkochen, Germany)< ©]-&3to] 400 #&olA] 10 AlokE e s}o]
O 2 7o R AAse Hig A&tk 00 No Staining, 1@ Minimal,

2. Mild, 3: Moderate, 4: Intense

o L

3) MT(Masson's Trichrome) 44

iz 3 BKCaroll A 5ute] 4 o Eefo] =5 Al S gt 60°C 2004 H
Z2] Egol=E 20+ 7F AAEE ) 100% Xylene 23], 100% Ethanol 23],
70% Ethanol 13], 50% Ethanol 13| A 2|3t &A171 5 DW= Al gt} m]g
714 gk Bouin's FluidE &@tol=d] 60%F & A sl +xEZ &ghol=v}
AR A wj7hA] A t2 DWE 3++th Weigert's Iron Hematoxylin @ =
1087 GAS AAgit, 1 & 52+ FEEA 28 7F #4333 DW=
A8t} 21 th2 Biebrich Scarlet-Acid Fuchsin §9& 10% &<t &alo] =0
S, 222 DW= sifol=E A EH 1ejal
Phosphomolybdic/Phosphotungstic Acid £ o.2 &3t thg FAA &,

Z&o|=E Aniline Blue 422 108 <k At & DW= FAgt]
a2]3l 1% Acetic Acid §4o2 577F &Efol=E AHEsth 1 & 50%
Ethanol 13], 70% Ethanol 18], 100% Ethanol 23], 100% Xylene 23] *]#|3&}<]
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grAZl 5 AW EFtolER &4

ot

o,

def|27] Wk Folsty] 9aiA Mucin SACMUCSAC), Interleukins—4
(IL-4), Interleukins-5(IL-5), Tumor necrosis factor-a(TNF-a), Ats}2=E @~
S-S glslr] 9J3ste] 8-Hydroxydeoxyguanosine(8-OHdAG), #H ZZ A
A71HA] FHE HEE v E &2lst7] $8te] Transforming growth factor—3
TGF-B), a-Smooth muscle actin(a-SMA)S WY %x23}8+S o] &3}
glatitt. & Aol AR dak A= v 2tk 1) Rabbit
anti-MUCBHAC  antibody(Bioss, Woburn, MA, USA, 1:200), 2) Rabbit
anti-polyclonal TNF-a antibody(Abcam, Cambridge, UK, 1:100), 3) Rabbit
anti-polyclonal IL-4 antibody(Biorbyt, Cambridge, UK, 1:100), 4) Rabbit
anti-polyconal IL-5(Bioss, Woburn, MA, USA, 1:100), 5) Rabbit
anti-8-OHdG(Bioss, Woburn, MA, USA, 1:600), 6) Mouse anti-monoclonal
a-SMA antibody(Sigma-Aldrich Co. LLC., Darmstadt, Germany, 1:100), 7)
Rabbit anti-polyclonal TGF-B antibody(Abcam, Cambridge, UK, 1:200)

Zza 3} BKCrellA] Srbe] A v Sefol=g AES gty Sdoltg
60°C Q204 20 &<t 7 sl A g7 SuEH Seho]l =& 100% Xylene
23], 100% Ethanol 23], 70% Ethanol 13], 50% Ethanol 13] *|&]&}o] &4 A1
O 13 &< DWell &t o, PBSelA 5 &<k A1t 2 % 0.1M citric
acid bufferdlA &ehe]=E 102 S #Eelvh &oo] A2 F 5& Feb

& 2}o] =5 Phosphate-buffered saline(PBS)ol| A3t 3% H.O.0 4 10%7F

—~~

2o A Universal power blocke.2 A&t} 1 & dAAAE &Sglol=
Aglste], 4°CAlA] sl &< WhgAIZITh thgd E8fo|=& PBSTAA 21
A8kl Horseradish peroxidase(HRP)¢} Z3std 23 dA& WS Aj7Ith 1
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o o+ &4 9

o

b PBSE 5% 7F A48 £ 33’ -diaminobenzidine(DAB)Z 215 A]71t},
< DW= 5t &9 A} 18|31 Mayer hematoxyhnoﬂfﬂ 30% F°F gAY
Ths 32F FxEdA 5 <t A8 DWo ot @t 1 vs
50% Ethanol 13], 70% Ethanol 1%], 100% Ethanol ZQ, 100% Xylene 23]
Aglste]  g@EAZl ty AHSEelER B9t WYgdy Axs
3383 n) 7 (Scope Al, Zeiss, Oberkochen, Germany) £ ©]-&3to] 2008] 8ol A
7} gdfol=ol A 1040k AdEs] o3 o] H7hgkth 00 No Staining, 1
Minimal, 2: Mild, 3: Moderate, 4: Intense

rf'u

lo

5. BALF ELISA ZAl

71 #AH 3 A F A (Bronchoalveolar lavage fluid, BALF)ol A &&l|27] HkS-
% Alo]EFFQICQN TL-4, IL-5, TNF-a, IFN-y, IgE & &9ls}7] <35t
ELISAE AA|stSH. dld Aol E71QI2 Rat IL-4 ELISA, Rat TNF-a ELISA,
Rat IgE ELISA(Koma biotech. Inc., Seoul, Korea) % Rat IL-5 ELISA
Kit(Genorise, Glen Mills, PA, USA)E °]-&3}o] A5t

IL-4, TNF-q, IgE= t53 22 Wi o g S50 AlH&dS ZF wellol
200plR FE3ich A4S A AS thS PlateE 7 welldl] 300t A& g0
3H FAT aga FEgd W AMZ 8RS ZF wello] 100 A EF3)
PlateE AMZ Yal oA 1208 & wESAZY. &9 AAS o
PlateZ Z} well 3 SOOM Adgdor 49 At} 849 Detection antibody
05 ﬂg/lmﬁ ZF well B 100 E 2 23ch 71 3 PlateE AW E Qa1 Ao A
120+ &< HES-A171Th 8RS A At Plates 7 well & 300 Al &g o=

—r*ﬂ sth, ZF well B 1:20 3AE WA a2 100 2 A28k thS PlateE
M E Y oA 30 §¢ WAIXITE 21 Aeke AL Plates 7
well G A& 300z 40 FAS 2] g o = 7} well & 100 b



10 ... &M | (Benzalkonium chloride)2| Z57|H AT

W B G F 1411 R 5 AW og A 90 2 well 3 100 4
5t 1 v vlola 2 EolE 2lH 7| (Synergy HI, Biotek, San Jose, CA,
USA)E o] &3&ty 450mollA] FFES =A3Fe] OD(Optical density) S
sHelskaitt.

IL-5 ELISA= th&3 22 Wws S48 34€ IL-5 58
AES 0.1me A Plated] 73kt 18]l Plateg AHE Yal AF=ollA] 60+
ot A8 g AMES AAG b 1x assay buffer®z A& 3k 1 v
Working detection antbodyE 0.1m{ % #+5-¢tt}y. 12]3 Plates AHZ Y1
Aol A 60 B3F HESAIIT I Y Plateoll A A1ES A A & 1x assay
buffer= 23] 4=A|slal Working HRP conjugate® 0.1m¢ # =3t} 183
Plategs AWM= Yil oA 20 &<t w8 A2tk 1 T Plateol] &94<
A A 5 E]r—o— 1x assay buffer® 23] =Asta 712 g0 2 0.1ml 4 7+ wellol

L

(e

BEFE3 T PlateE 7AW E Y11 ALoA 5-208 FoF wheA|ZIth 1 us
AAENS 01ml A ZF welldl] w53k}, 18] a1, vlo|A 2 ZHolE 2 7|4
AT 450m=E ODIHE =A 3t}

A A He B EFAAE UElon) SPSS (version 18, IBM,
of A2 sl9it) g 2 ELISAE Levene test®

SEAS Aol T SHA A4S mEd PEel SYRE T AYo=



1. ZXYa[HAr 2o}

BKColl A 357439 AAAE v 2 #0434 (Hypertrophy/hyperplasia,
mucous cells), ©]37d3] o] HAAE 3FA(Metaplasia, mucous cells, transitional
epithelium), =&49<e A A7 (Eosinophilic  globules, respiratory
epithelium) % FzPy el 34 A /A A (Eosinophilic  globules/crystals,
olfactory epithelium)©] #ZHEE AT T3 34T 9]l H}E A (Hyperplasia),
53 A ZHS(Infiltration, eosinophil, lamina propia), 2zt 9]
15 (Atrophy, olfactory epithelium)©] FHZEAHIZH 1). 279 A%<}
HIEE obd 3 20 YERATE

-

<H 2> H|Z9 XE%a LA

Organ Histopathologic findings Cfgﬁlﬁ;gose(ggg;? P
Number examined 10 10
N asal Hypertrophy/hyperplasia, mucous cells,
cavity respiratory epithelium
Minimal 0 0
Mild 0 0
Moderate 0 5
Marked 0 5
Total Finding Incidence 0 10

Hyperplasia, respiratory epithelium

Minimal 0 0
Mild 0 0
Moderate 0 7
Marked 0 3



12 .. &M (Benzalkonium chloride)2| 257|H SAHT

Total Finding Incidence 0

Metaplasia, mucous cells, transitional  epithelium

Minimal 0

Mild 0

Moderate 0

Marked 0
Total Finding Incidence 0
Eosinophilic globules, respiratory epithelium

Minimal 0

Mild 0

Moderate 0

Marked 0
Total Finding Incidence 0
Eosinophilic globules/crystals, olfactory epithelium

Minimal 0

Mild 0

Moderate 0

Marked 0
Total Finding Incidence 0
Infiltration, eosinophil, lamina propia

Minimal 0

Mild 0

Moderate 0
Total Finding Incidence 0
Atrophy, olfactory epithelium

Minimal 0
Total Finding Incidence 0

10

10
10

10

SFo|A BKC w=ZwollA Ayl HHFA Y 34 (Squamous metaplasia,

epithelium), 4r¥¢] }v}d A (Hyperplasia, epithelium), &-&43] 9]

R

it 2o Ay s 3 aade] b Aol AREATHE 2).



EUR: PR = otg & 301
LHER AT
<H 3> ¥F % J|HY TP 1A
. ‘ . Group/Dose(mg/m®)
Organ Histopathologic findings Control/0 BKC/1.8
Number examined 10 10
Larynx Squamous metaplasia, epithelium
Minimal 0 4
Mild 0 3
Moderate 0 2
Total Finding Incidence 0 9
Hyperplasia, epithelium
Minimal 0 4
Mild 0 5
Moderate 0 1
Total Finding Incidence 0 10
Hypertrophy/hyperplasia, mucous cells,
epithelium
Minimal 5
Mild 1
Total Finding Incidence 6
Atrophy, epithelium
Minimal 3
Mild 5
Total Finding Incidence 8
Infiltration, eosinophil, lamina propia
Minimal
Total Finding Incidence
Trachea Hyperplasia, epithelium
Minimal 0 0



14 .. MM (Benzalkonium chloride)l| TE7|4 M3

Mild 0

Moderate 0

Marked 0
Total Finding Incidence 0 10
Hypertrophy/hyperplasia, mucous cells,
respiratory epithelium

Minimal
Total Finding Incidence
Atrophy, epithelium

Minimal 0 1
Total Finding Incidence 0 1

BKC xZwollAl A713A] #Hx AFFe gt 8 g(Smooth muscle
hypertrophy, bronchioloalveolar junction), &% A|7]#%] A¥]e] 9= WA 2
A} A (Atrophy/degeneration/regeneration,  terminal  bronchiolar — epithelium),
7132 = M7 #EA Y] AAAE vg 2 2o3 A (Hypertrophy/hyperplasia,
mucous cells, bronchial/bronchiolar), &+ A %%(Infﬂtratlon
eosinophil, perivascular) 2 7|32 #HE AHF] AFHAE &
inflammatory, bronchioloalveolar junction)®] #Z% At} 5k A7
ié‘l*é Z(Eosinophilic globules, bronchiolar epithelium)o] ZHzHy] 911:}(:’-1“”:

). 271e] AEel e ofd ¥ 4o YERIT

<E 4> Ho xxPa 2A

3
Organ Histopathologic findings cf;iﬁ;]o)osegnfﬁ .)8
Number examined 10 10
Lung Smooth muscle hypertrophy, bronchioloalveolar
junction
Minimal 0 4
Mild 0 4
Moderate 0 2
0 10

Total Finding Incidence



m ¢ Za .. 15
Atrophy/degeneration/regeneration, terminal
bronchiolar epithelium
Minimal
Mild

Total Finding Incidence 0 10
Hypertrophy/hyperplasia, mucous cells,
bronchial/bronchiolar

Minimal 0 4

Mild 0
Total Finding Incidence 0 10
Eosinophilic globules, bronchiolar epithelium

Minimal 0
Total Finding Incidence
Infiltration, eosinophil, perivascular

Minimal 0
Total Finding Incidence 0 5
Infiltration,  inflammatory,  bronchioloalveolar
junction

Minimal 0

Total Finding Incidence
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AH4 K| (Benzalkonium chloride)e| S & 7|7

20...

A

sto] BKCaellA &

thza st Hla

2y 5 4 6).

3

;.AE

)

[] Control

B BKC

*
——

1

|

o

TIN/s1192:0L

Bas

Eos

Neu

Al ME=

Mon Lym

Total Cell

Hlul

OHUF
==

Dxp <005



[] Control

B skC

*
——

il

80

60

< ~

(%)3uanlad

[=] o o

Lym Neu Eos Bas

[O8 6] EBH=X HAL MIEH|E Him

Mon

D p <005

WaTa fo14 QA Aol U



22 .. AT (Benzalkonium chloride)l| 2E7|4 SAM T

3. BALF ELISA Z1t

IL-4, IL-5, TNF-q, IgE 257 djze] Hlasted BKCEo frofst 747t
FAHAHTH 7 H 8).

120

|:| Control
[ BKC )

100

80

60

pa/mL

40

20—

IL-4 IL-5 TNF-a

[O& 7] BALF IL—4, IL-5, TNF—«a, ELISA ZA} &
it o A Aol S o p < 0.05, #x p < 0.01



300
O Control
I BKC
250
*%
200
-
£ 150
o
c
100
50
T
0

IgE

[0 8] BALF IgE ELISA AL &

izt sk fro4d Al Aol Qg e p < 001
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4. Astra Blue-Vital New Red Z1}

BKC-2 H| 7% afratol A 34kte] Al
olo] tZw¥ BKCHe BF F 242 &

AH o] HATHZH 9).

[O& 9] HIZ
A), B) H|Z oA o] wt
BT AZLo] A5
Astra Blue-Vital New Red.



5. Alcian blue-PAS 2iAf Ziq}

AEAA Golo] i PAow gas ),
AAEA AT 47} FrhedT AAAE
srelabl Z7hsarad 10 2 10,

(a8 10] H|Zr2| Alcian blue—PAS A it
A), B) wZelA AAA ()7 AMer dAHsd, dxd, C), D)
ool A Al E(shm) 7 AA DL 7 Stk BKCRE, 2 50w, 2004,
Alcian Blue-PAS.
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Score

Control BKC

[O&™ 11] Alcian blue—PAS &4 FT Hjul
st o4 QA Aol 9% e p <001



1 MUCSAC

H o, BKCaoll A=

A B

o] mw]

oS
[

ol A gt

T
-

MUCSAC

ZHE At ™ 12).

gkg-o] o

R

o1
=

[O3 12] MUC5AC X Z|R}

—

SEE

E
=

A), B) H|7elA

L

Fe] 21tk BKCAE,

=

A 2

5]

ol A FAdukgo] 7

50uH, 4004, THC.
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2) TNF- «

TNF-a BiZ2oA guge] vivsiil wasglon, BKCRA:
EEA)S) HAAE v 2 kg, EEY9) gy 2 nee SAT
5 QAL F2 4 PA kol BAHAHIY 13)

|

Fasle GOAE WA R oA HAAEGAD % 149
FAEEEA A PGl FekA BRAAAG. BKCE, 2 500,
400#l, THC.

<
ol
™



3 IL4

L
| .

BKCol| A]

2o,

A

S

v

ZEJH Y 14).

Hkg-o] o

g TR T g Y
Per ARG N

S i Ui . e
Y [t | AN U SRR SR AR e SR

o

g 14] IL-4

[3

Heold  F=

(53

)

I
It

b A (ah

Atk BKC, 2+ 500, 4008, THC.

z

HA 2



30 .. &M X|(Benzalkonium chloride)2] S&7|4 S4AT

vt R 9l

) HgeIA FolHel e #e1eA gtk iz, O), D) ¥z
S 54919] AL 2 1539] BEAEGHE 2D B

o

780 @ ie, BKCE, 7k 500, 4000, THC.



5 Wie] L] whg #d EAA vl

H| 7ol d#l27] whE upz{el MUCSAC, TNF-a, IL-4, IL-59

welzdsisl Aol gz@d wasel BKCw  #old F7P)
SRIEATHTH 16)
5
[] Control
B BkC
A T o=
3
V]
o
@
2 o]
‘] o]
0
MUCSAC
[O& 16] HIZY LH=T] IZE|9ter E= Hlw 2it
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7. MEAEYA FEA|A} HAYZxE ket AL}

1) 8-OHdG

o

HIZol A 8-OHdG= dixwdld= =549 2 Aotehll ol vvst
o

HAE AT} v, BKCa ol A= A E vt 9 A s 238 A
ROAFRe] SA 5 ASAEelM AR FAY wrSol RFEHANIH 17)
FFoA izl M= Aol Ao R A Gkt vbhd, BKColAM =
"Gy s 5 e A Fd wheo] BEHJTHIE 18). 71¥elA
ol M= dulolA el BEE A okt i, BRC ol M= Ay 4
T yolA A7 F wkSo] BEEATHE 19). FAolM = thzTeld A9
WA E A eoktt WA, BKCkoll M= Al7I9A] 9], A28 AZAE 2 A5
A2 A EAAM T FA ko] FEFAHTH 20)



—OHdG

8

o]

[O™ 17] HIZ

&l A

]

=
-:'-O

A), B) H|

I (3 30),
vt BKC+, 7+ 50, 4004, THC.

ol
=

-

EH )l M Fukgo] By

(3H
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+, O, D) 579

7+ 501, 4004, THC.



8—-OHdG TeIX=|gtor Za}
H=E A Fotth gz, C), D) 71#e] Ay
| #&E QY BKCH, 2+ 504, 4000, THC.

[O= 19] 719
A), B) 713ellA EelxQl

FHEEAA BT B g0
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’B‘ﬂ(i}%}l), XﬂZ“%‘ 7 3EA
G wbSo] HEHA. BKCEL, 7—.L 1004, 4OOHH, IHC.



2) TF7IA =29 AEt=Ed 2 Ha vl

8-OHAG WA= 343 A% wla A, ¥1%, FF, /1%, Al A m% zws

Hlatske BRC:o] 2]t S717F ST 21).

Score

[0

~—

[] Control
B BKC

1

wk

\ "

Nasal cavity Larynx

21] TEIIAIEZE{S] 8—OHAG

it fod Al Aol U

Trachea Lung
o1 DOl M Hl

Cxx p < 001
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8. M7|2tX] o=

1) «-SMA

M=

flalou, BKCol

S ATHd 22).

z

Hkg-o]

R

o1 ]
=

[O8 22] a -SMA BIZEP}

2= ok BKCA, 2 1008, 4004, THC.

o



2) TGF- 4

TGF-B= tizolA Al7|8A] dujola mustAy Al wa A St
BKCol M= Al71A 4v 3 A2 A2d AZAEANAN A3 4 nkgo]
B AT ™ 23).

ey wond

LA, Q% @ M,
;’f}‘,;h’ % ’k ;/t; w-%"{% Rt =0 M R
"kﬁ\‘.’y %I‘yg $

S N i Mol sy

o g P 1‘,;: P NI ,Pu“f; (% n)
A f "

o

=t 4
) 7
" :.fzg "7{{ 4 L
N Bl LA

[J& 23] TGF-( BIIX=ivtet 21t
A), B) HelAq Eol#gl wee @aEA ety tlx, C), D) Al7]EA
) (SE) 2 A28 AEAEEAEA )OI e B ukgo] BEH Y,

BKC+, 7} 1008, 4004, THC.



40 ... A48 Xl (Benzalkonium chloride)2] SS7|A4 SdA+

3 L vl AA TAA 5 v

El

a-SMA % TGF-B Wz 3518 oA a-SMA ¥ TGF-B EF x+3}
vl sk BRCe) #ol 27171 18 Qrh(1g 24).

5

[] Control
B BKC

4 T

*k

Score

o-SMA TGF-B

[0 24] BTEZ HICH A3 XX} HYEERST &~ Hlwl 2
WEEa fol A Aol Ug e p < 00L,



4) MT 4 Az}

HolA iz 9 BKCT BF
AAE RS} A7) AA] FHE AT Fol A=

A), B) #¢] A7| A HE 03431‘%011/‘1% ’»"401 gAE A Fokeh dx=, O),
D) #Hef A7|aA HE AHFAA = AAe] 2l % 3kth. BKC, 2 50,
4008, MT.

Ir
2
k)
o
o
in)
N
o]






mat

.. 43

fd

Iv.

V. x2 %

AAAG g B=AE Aol R AAS] % sSEdE, 2011dd =
7VE7) AT ATE QA s grole] ddER Y] HAss fete] Abgste
Abdo] whgste], AA7E ALS A o7 2 AT Hd o, ofA A AR A
B3 54 A7 53 AAolg BKCE 4 # SEF 125 7R oA

HAGAZA AR, A" RS AeAl e BHEAR AREE O
stou, a5 FYsAol tgk A= Wol o] FojA[A] ¥kt

et FIdE ATl dHEr] JFA I59 5 BKCF dElE7
Wete Aoz dEA Ao (Orsini et al, 2018), AFE-A Az 4 BKC7F

A s fFele Aoz d#A-  AdtHDebbasch et al, 2001).

AolMe A=A Aol o8 A7|eA] FHE AFFolA HLL HY T
5 of &g Aol WAATHAEA, 2019). Wb 2 A=
BKCe 13F oftHd JFd=4 AFY oA dH=7] MY,

2571
At 2Ed 2 A7 3R] B v} e s B0 H S g}c‘)_]g}oﬂr/}
T

fol
ool
0%
o
1o
fol 0
2
ox
>
-1
e

G 9 SR, Rge BAAT B,
Z

)
basle s s ARel waset ) ﬂﬂ%&

H
=
T
ool
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AMH|(Benzalkonium chloride)?] 57|24 &

44 .

o

v
e

)
To
olo
®

Astra Blue-Vital New Red
Alcian blue-PAS @20 =2

1

-

ol 2 A Abgrel A 2] ]
o} 2hdshel om, Aol wn)

hyA
s 54

SRR

&

2

Fof  BKCatol| A

5]

2R R B e i

& ol G} A
= 711 0

ok

Ak e ujge) S7HE o

[
A

—_—
o

o
oy

=

N

0
wjr

o

_XU

K
i

3t

Aol

o] THE 4~8A

)=
7} [gEE A4k

T

Ay
-

v
X

o B Al

[e)
FoH(Broide, 2007;Chaplin, 2006).

wH]
3

o

=

|

o
o

Aol 4

o] 11 naive CD4+ T Al
&

=
T

E

o2 Abol &7}
g

I

S

g

=N

o

g}

]

B #E]=E major histocompatibility complex(MHC) 1I

]

(e]
=

IL-4, IL-5

= 7h&ste]
Th2 A %=

—Z
4

)

| &=+

9

go] ThA] e A A

T2

olJ

[e)
i

1 (Prussin and Metcalfe, 2006). ¥FH 37|98

5

o
2=

)A
B

1
-

=¥ ¥t MUCSACS TNF-a

fex]
=

& 27



(Groneberg et al., 2002;Lora et al., 2005). &3+ & =27 dA#E i /\}0157}
sk AL T4, 15, g7 1, The A} 4% 2 }oq AE
T=stH, BAEE IgEE l‘?“j] stol= HIRHAIE = 97| E g 113]
L-5%5 #Hlsto] SAE 053}5 Aoz A ArHM
2013). A oA = M4 86t} BALF ELISAZ & 27] FA445 47}—5}
At} Welz A58k A3, v4e] 4 MUCSAC, TNF-q, IL-4, IL-5% BKCiolA
T SF Y] A E v 2 HEd B AAAE B S5 A S
A EE A3l A 5 GSAEdA A A whEol
ez stet A vl Al w3} Hlalsto] BKC w9
ATt BALF ELISAZZo| M & IL-4, IL-5, TNF-q, [gE &5 &3} v s}o]
BKC 9] o3 S717F gl e Ao e 2 A%E siixlehs 2
=0l FlE At "134 2ol A MUCSACT #H| Aol A A M E F
A 2y FrketeE Ao w2 4HA o™ (Groneberg et al., 2002), TNF-a+= 7 9
Aol NSE Adate] HAZHE F7H7I= Ao2 dH A dth(shinaga et
al 2001;Lora et al, 2005). Y3 &dl27] Aol = A4 A o)4 TNF-a
7F w4 HH(Galli et al., 2008), FAAFe] 7] #A| ol A At A= 0= lgh Hute]
S22 S M= TNF-a Zdo] ¥ Aol Bi¥ U th(Naidu et al., 2004).
[L-4 2 IL-5% AFEe] oA zet A oA ddo] 1 A tHBroide et al,
1992;Humbert et al., 1996;Nonaka et al. 2001;Salvi et al. 1999). E3H= [L4E
wHlst] dE a7 dFs £dske ZoE deA Jon, IL-5% A7t i
(autocrine) & dlo] A5 FAS FA = Aoz A A JvH(Bjerke et al., 1996;

Broide et al., 1992).

[gE+= 4 27] dhgoA Fost= 8 A9 EdozA & delA )
GBS ASHE BAT o LATE WA 43171 % 5710 EAThe 3

W g Ao EZA st AlEoA E3 HE W oldxo|tof 7bE wol

1l

:
REs) gk A gt % 245 RolE e EASAG T2 g AT
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of Agte ez EAeke] dAl Dol vtk Al = A7 AEE0
Aady, dubdor de=r] das xdetr] Heid €4 W & IgEE 54

AU AP A dds B8] fsiA e 5ol IgEE SA A s, 2007).
A= F ER dHE7] 3 WSS ARSI F IgEe okEY] v
T, g 27] v, 71384 14 5 dEET] sl =4 Srkshd, 84, =
A 718 e T 8l dsiA St ok Ak jlol 2] s 5o
Ao g2 7st7] ofH - ghA Aol ATHKoh et al., 2013). 18 5o [gE+= &
oAl RAST(Radio allergy sorbent test), MAST(Multiple allergen

simultaneous test), InmunoCAP system FAAZ &¢lo] 7}58l}, w3 5 2%

N o] T FE, AWA 5 3 T AFRCA =F Vsl Bl o) &
ol SyEo] lof, i ol

AR o] IgER FAsk= 3lo] 7hsatt (e 3 &, 2013). Wb, BKC

wol 5ol IgE S42 o4

ATl A= BKCE o] §HA

A w o & [gEE BALFS} A oA A S 3l tHSwiercz et al., 2013). 3}*

ok BoA)E 728 GLP(Good laboratory practice) 2489 A$-= Ad s17o

A PR /\}E‘/} FHEAA 8l ]"1 o= %"L’] 7] gkg-o] WAk 4

Ig

%‘1

Ay}

Oll

rlo o,

= E <7}= BKC £9]
Sl 9oloe e we R M 4& oa g2 B
9]

AA] ”J(Chlang et al., 2019;Chu et al.,, 2017), & Yol A
BALF= 7Hf{# oz geleh= AL & A 23 Xﬂ?‘&ﬂﬂ A= E T



As ~E Y AE 844 AZ(Reactive oxygen species, ROS) 2 A A A~%

o

[e)
(Reactive nitrogen species, RNS) & AtstA] w@hAjol] nH]sle] o]E ojAst=
superoxide dismutase(SOD) % glutathione(GSH), & 3baks} &2 o] A& o
2 FEFA gE AolA A ERS 2008). FAEAAFL A7)

(Oxygen radica)®} 2tA wAF7] F24dE  ¥8kelH,  Superoxide(Oo-),
Hydrogen peroxide(H-02)¢} Lipid peroxyl raidical (LOO-) 5& A¥:74 A&
Ao whgAdo] mob, AFA QD 2AEA e AEAS A AAE iR
DHAN 24 &S FEsth(Ydsd, 2004).

8-OHdG(8-Hydroxydeoxyguanosine):= DNA 7|9} &4 2421 Hydroxyl
radical(HO-)o| ®E-&-3Fe] A= DNA At A~Eg 2 FalEz ) Jrod 22 3
A 719493} Hydroxyl radicale] A& 2H8-sle] HAE wjstol 8-OHAG7F &
A ¥ thKasai, 1997;Valko et al, 2004). 8-OHdG+= 954 23k 28 Jdwd,
HEF, WS, HEaSd AN 5 Aol FIHATHChen YC;
2011;David et al, 2012,Ding X et al. 2000;Hsieh et al, 2014;Nakamura et al,
2010).

-OHdGx= A 7l~aEwtEady-dw EAH/4de B4 (Lliquid
chromatography-mass spectrometry/mass spectrometry), 125 HA|ZZvlE
229 (Ultra-high  performance liquid chromatography), ™ % A|3E3}st
(Immunocytochemistry), 7+ <33 AHIndirect immunofluo fluorescence),
™ o 2 2) 3} 8HImmunohistochemistry) & %4, &% oA AZxo] 7bssich
(Korkmazl et al, 2018). 53], 32| 3}8bol| A 8-OHAG7} 3| Z=24]ol| A iz
A~ E g 2~ AHE-Ql Nitrotyrosine B.UF A~ E g~ 5 w7kslA] 8eldts Ao

oﬂﬂr(ﬂﬁg 2018).

A@el e 8-OHAGE BKColM w7e] oAz me) 9 gy
g :{@:} SEAY 8 AR 240 sS4 5 ASAE, T U9 8
A 5 Aol Ad i ol WEETE EH, 7w 4T $4 § 4
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A AR g wkgo] BEHIY FHol M= A7 A A 3

A g g Rkgo] BEEHIAY 3] 29 =E4 od ]4 ]70“8*‘ ol A
8-OHdG 577} &<1% % 2™ (Calderon-Carciduenas et al., 1990), ™z %] 3}
ghol| A Hro A s gk 719 dulolA 1S (Jacob et al, 2017),
Ae7b #9448 vhe2 FHoll 713 AZI8A] R HE G A E FE o2 A 2
A el =] 9l th(Kaewamatawong et al., 2006). TE3F Hdd o] AZAH| Lo % &
A= ATHSeki et al, 2002). 8-OHAG HY =2 3}st 4= vl Al B]7}, S5 7]
o, Hell A 5tz 3} vlalste] BKC @l A w2k Al S71st ez, A9l
=9 E57A A7 BKCF A EHAE Fiehs A S0 5 3

Stk o9l AFBhAE 20} el 2] gl ARYS AASHE AT O

Nos)
G
B
[x
=
el
=

2

EIOI'

DE AT HAA S A= 7)ol A HO7F AR T =4 A=Y, HO, &
7 =255 H AL S tHEmelyanov et al., 2001;Jarjour and
Calhoun, 1994). A &=}l Al =318k )2 A2 A o] B2 Oy 7F ks oA

(Calhoun et al, 1992), &l A= AN ATl Z7H8H9
(Sanders et al., 1995). 3+ d#270]F Shxfo A 9 Fo] H|HE <FslAIZ]
3 28 A gl om(Riediker et al, 2001), L2710 FHxpe] Bt 43
SAR] S Agetd @4k Bl FUhetal HuElt
(Ogasawara et al., 1991).

w3 oA AZIHA HE AHN-9] BEL v 7S #<l8k] flste] a
-SMA¢®} TGF-B W x4 3}8hs HAAstal i, A3 EAGS flste] MT
o Al O A) /\] ~}oﬂ1:].

1.2 NIRRT, VA AL ARFIINA 27 F917 o-SMA
WA zA el G, MTAAS S40R Selso] £Anst Zehaol
ohy FHrow Hlath - SMAL BB So] Fow txzols 7@
A, ABA, Ga F9lel4 FelHgon AgHon HE 5 i 240w,
gzitst gel BRColA A718H A AfFolA 248 G4 hgo] w1y
oAtk TGF-BE BKCTOIM A719A 43 2 A28 ALALAN 38 F4 0



o] #&H =4, a-SMA 2 TGF-B8 =+ W&} vluste] WA x2 3} st
F7F Sk th TGF-B+= in vivoel A 7129 B& HHE F=she 4
R 1591 (Goldsmith et al., 2006), =0l A] Silica F A] A A|3xE2} 4
frobMaE, A28 #HEZAE T2 AgTAA TGF-B 23S s tHWilliams

et al,, 1993). =3, H= HnHt BdA Abst~Ed A7t TGF-BE frEshe
Aoz WE=H(Ahmed et al., 2014), EAZ A WA 24 3o A 8-OHAG

o] TGF-B d 79194 fAkgE F-9lolA Rl ong At Ed 27}
TGF-BE friste] H& HgiE F4d o= AlgHh

oA, 2 dATE FFEIA S W BKCE 5571 74] oA AgtrEH2E
frstm, 53] HdA 4st ~EYAE fFkste] = A7), IL-
IL-5 TNF-a AFIEFRRIS wH]8te] SA7} Z]%OW ZIRLE
del27] WS frdetd, HoAE ASAE# AT TGF-B ARl E7RRIS

o oo

i

>

>

m o
ml
k%
D
M
=
ol
o
o rr

s
olo

fEste] WHAD WgE fues A2 AAHTHIY 26). B ATE Akl A
Sel=7) v 1S ARERA SUSAT A, L AT A
F2 el 24 2404 9ud 7o) BAAE 54 Aol & Ao
Fag AEReR 55717 547192 TA4CR WA @l
EAGT THBE PR 5 71WS o) 83l ¥4 £Eol4 /11 Bl BAAE
EAet Q77 F7hz SRAsolel frkn AlRHt
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Abstract

Study on the Respiratory Toxicity of Biocide,
Benzalknonium Chloride

Yong-Hoon Lee, Dong-Seok Seo, Min Ha Km

Inhalation Toxicity Research Center, Chemical Research Bureau
Occupational Safety and Health Research Institute,
Korea Occupational Safety and Health Agency
#339-30, Exporo Yuseong-Gu, Daejeon 305-380, Korea

Objectives

Biocide 1s a chemical to control and eliminate harmful organism. In 2011, an
outbreak of pulmonary disease with unknown cause, which pregnant women
and children died from, was involved in biocides. However, the toxicity of
many biocides has not been eluciated so far. Benalkonium choloride(BKC) is
quaternary ammonium compounds and has been widely used as biocide, and
mvolved 1n the outbreak of plumonary disease by humidifier disinfectants. But,
the toxic mechanism of BKC has not been proved enough, especially in the
route of inhalation toxicity. Therefore, in this study, we aimed to characterize

the toxic mechanism of respiratory system 13-week BKC repeated inhalation
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toxicity study.

Methods

In this study, male F344 rats were exposed to 0 or 1.8 mg/m’ of BKC for 13
weeks via whole-body inhalation. Histopathological and hematological
examination, Astra Blue-Vital New Red, Alcian blue-PAS, MT special
staining, immunohistochemistry, and ELISA were conducted in the tissue
sample or BALF of rats.

Results

In histopathological examination, a variety of respiratory lesions was
observed in BKC group. Especially, mucosal cell hypertrophy/hyperplasia and
eosinophil infiltraion in nasal cavity indicated that those lesions were similar to
allergic rhinitis of human. Hematological analysis showed increase of
eosinophil in BKC group compared to that of control group. Also, In
immunohistochemistry and BALF ELISA, the intensity of allergic markers,
MUCSAC, TNF-a, IL-4, IL-5, IgE, increased in BKC group compared to that
of control group. In immunohistochemistry of oxidative stress marker,
8-OHdG, the intensity of 8-OHdG increased in nasal cavity, larynx, trachea,
lung of BKC group compared to that of control group. And in
immunohistochemistry of a-SMA and TGF-B, smooth muscle hypertrophy
markers, the intensity of a-SMA and TGF- increased in the lung of BKC

group compared to that of control group.

Conclusion

BKC induces oxidative stress, which causes tissue injuries in the respiratory
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tissue of rats. It leads to induce allergic inflammation in nasal cavity and
smooth muscle hypertrophy in bronchioloalveolar junction of lung via various
cytokine responses. Especially, this study elucidated the mechanism of BKC
inducing-allergic rhinitis in laboratory animals. Therefore, this study will
provide worker and consumers using BKC with useful information about
health and chemical hazard.

Key words : BKC, Allergy, Oxidative stress
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