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4% T T LMEEY (QUAT) D= U AEERICKITTHE

Administration of Antimicrobial Quaternary Ammonium Compounds (QUAT) Caused Immunotoxicity in ICR Mice

page 357 4B (right column)
[#% Error]
A [EUEH L7z QUAT DRfS7 13 2.25% n-alkyl (C14:60%,
C16:30%, C12:5%, C18:5%) dimethyl benzyl ammonium
chloride & 2.25% n-alkyl (C12:68%, C14:32% ) dimethyl

ethylbenzyl ammonium chloride

[1E Correct]
AEIfE A L7- QUAT ORI 2.25% N-alkyl (C14:60%,
C16:30%, C12:5%, C18:5%) dimethyl benzyl ammonium
chloride & 2.25% N-alkyl (C12:68%, C14:32% ) dimethyl

ethylbenzyl ammonium chloride

page 362 FEILE (abstract)
[#% Error]
n-Alkyl dimethyl benzyl ammonium chloride (60% C14, 30%
C16, 5% C18) and n-Alkyl dimethyl ethylbenzyl ammonium chloride (68% C12, 32% C14).

[iE Correct]
N-Alkyl dimethyl benzyl ammonium chloride (60% C14, 30%
C16, 5% C12, 5% C18) and N-Alkyl dimethyl ethylbenzyl ammonium chloride (68% C12, 32% C14).
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4T E= T MMEEY (QUAT) D~ U RGBBRICKRITTE

WD BeE", BRamT, RABAIRET, TimR™, /NGgIER™

QUAT IF2FED 4 kT v E=T LM (TAFATUATFARUNLNT BT LI T A RETAFNLTAFLTTF LA
VIUONT R AIBTAR) BERBERE LTHEAINTWSD. QUAT &~ U AL LR aE st 2 et L
7. 8 EfmME ICR ~ 7 212 QUAT % 0, 50, 100, 200 mg/kg f&N#5-L, 2 HZICKRE LgsERE, MR, e fmho
U L SERGIHT, MR O A N A VEAREDELERIE LTZ. F£72, QUAT 50 1 BRZIZINET A7 I v &5 L
T, EASHDHINAT VT I 2 IgM FUAZHIE L=, QUAT &5 CHEKREFENICINT B HEOHD, B #lESLIcBEE
T A NhA LV IL6, ILI0 D &, HUIIAT VT 2 [gM FUEREA OB NS SN, SR OFRERIT, HEIKERE
HTEHDN, mER~OMEERANAREFNICA LN LD, #0IE LEHT 2OLZEME~DZEOMEMEN

RIE ST,

F—U— R 47 =0 LM, QUAT, REH, MmN U2

X C ®

48T =y MMEEW  (quaternary ammonium
compounds : LA QUAT & W§3) 1B A o FUmiEPEAI <
HY, BOBGA A ORRMIER, NTTUT, EESCREESE
OB MR L Ol &8 COREEM 24 2. Al
RENEM AR - WRTHEMNT, WIRE U L CHEH
INTWD. 48T U E=T MEGHO— e TEIEICD
WX, v 7 AR O #5 U720 LDsg 1 150-1,000mg/kg
EWEINTWE Y. AARICEE L CEAT S &0 O F]
FED S, ARG 7 B 2 B ORISR, B R§~D i
BB Z BNTER, REZNM L TRINEND Z &322 <,
2%BIRCRIBEDT LAF—DFERICIE R B e nd o
EMIE SN TWS Y. Siddiqui HITIEIET » M2 487 >~
£ =7 2MbAY) quaternary Silsequioxane % 1,000 mg/kg % 5-
L7, 77 v FOEAFMERHEFMRIL VA, HIRERO
HINAEBIER LTV 5 9.

INFETICH AL, QUAT 2GR OHEE - ZEAlD
EHE LSRR BT 2 ATt A B 2, IR
FETIHE I POV TOMFEIB IR oo fER, HR -
A 2 mLkg ZHE~ T ARAZL L%, b0
~ U ADREIBEENTAT~ T R, FECROHIMEFE
REROKF2ERL &Y. ZOHROWR - ZEH
WXTNVEINNDAFARONLT VB baTA4 RET
IWFNDAFINZFAROVNT =g hIaTA R
=Y IRQAY S

QUAT D5 2 ~DIEMIZ A2 DT, Sk EEs /o
MEIMEFD BT, 8 KM ICR ~ 7 A2 QUAT %
BAEE L, ERICKIETHEIZ OV TRE L.

EBRITIE

1. 6

A [ENfE ) L 7= QUAT DRZS3E 2.25% n-alkyl (C14:60%,
C16:30%, C12:5%, C18:5%) dimethyl benzyl ammonium
chloride & 2.25% n-alkyl (C12:68%, C14:32% ) dimethyl
ethylbenzyl ammonium chloride 7> AL 4, = =7 (AL,
HA) HEEALTZ.

U v RER O M R mHUR & BT 5 FuikiX, PE IRk
anti-CD3 (clone:145-2C11), FITC #% 3% anti-CD45R/B220
(clone:RA3-6B2), PE f%##% anti-CD8 (clone 53-6.7) K N FITC
25k anti-CD4 (clone:GK1.5) 1%, Xy /7 ~r « a—/L¥—
(CA, USA) 72> 5 B A L 7=. PE-Cy5.5 fZ#% anti-CD3
(clone:145-2C11) 2 TY PE-Cy5.5 #557% anti-CD45 (clone:30-F11),
anti-CD16/CD32 1331 /S A 44 = A(CA, USA) 205
A L7z

Ovalbumin (OVA) & bovine serum albumin (BSA) &
concanavalin A (ConA) X Sigma-Aldrich (MO, USA) 75
A L7-. HPR conjugated anti-mouse IgM antibody |& Zymed
(CA, USA) BN L7=. HPR OHE TH D ABTS Tablets
X Roche-Diagnostics (Basel, Swiss) 7>DHiEA L7=.

RNAiso Plus | TaKaRa Bio (HiL, HA), RNAprotect
Cell Reagent (I Qiagen (K, HA), TaqMan Gene
Expression Master Mix, TagMan Gene Expression Assays,
Inventoried (IL2: Mm00434256_m1, IL6: Mm99999064 ml,
IL4: Mm99999154 ml, IL10: Mm99999062 ml, IFNy:
Mm99999071_ml) & High capacity RNA-to-cDNA kit {3
Applied Biosystems Inc. (CA, USA) M SHEA L7z,

2. B
1) B HATF v — /LAY A= (BK) M, Crlj:CD1(ICR)%

TR 2 v F BB R AR R ERTERL  169-0073 HURTERETE K E AMT 3-24-1
Y SRR ST X — BRI R A R TSR, 169-0073 HERUERETE X ONT 3-24-1
R L R v F —BRBE RS 169-0073 HURERETE X 5 AHT 3-24-1
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KD 7 EimE~T A& EEAL, 24-26°C, HXHEE 50-60%, &
12 B OB E CF T EIBN T TATF v/ r— 0T
B3, 1AM THEAST L. THAE BLUER , vv=
R KA B ISR L.

2) B EJ5H: QUAT %78 /KTIHEMEL, 0, 50, 100, 200
mg/10 mL /kg C 1 [FIBRHIRE O35 Ule. HRITAE KO 48
HU7z. 2 B BICAERIUIR, B, s, Mok ORI o &
BERIE L. MRIEPEEE AL LT EDTA 2EHL T, i
IHERIMLT-.

3. JEig- R D5y B

ol B VMR & R L 72, FhENE 4 mL O
0.5%BSA % & PBS HTEY DWW ATA KT FAD
BED O TE LS, "ESTumOF A 2 Ay aT
A L7z, 1,200 rpm, 5 min Tl L7z, WiE% 4 mL O
0.5% BSA % & ¢r PBS THFLE L 1,200 rpm, 5 min THEH
L7-. {RIEIC 4 mL ORI (0.173 M Tris-HCI (pH 7.65) :
0.83% NH,Cl=1:9)% 1% T, =iR 10 min THRIMLER 2 ¥ 1M
St72. 4 mL @ 0.5% BSA % & ¢ PBS |27l L 1,200 rpm,
5min T2 [P LT, M%K% 5 x 109mL ICFHRE L7,

4. AMBRYTHA T DRIE
Ll R O S 0> 5 x 10%/mL D HIRRIALFE % 96 well
DT L— MZ 0.1 mL $0530E L7z, gL PE £l
anti-CD3 (T cell) & " FITC f57# anti-CD45R/B220 (B i)
PUAZ Nz, NMafRAIiE I PE-Cy5.5 #245% anti-CD3 (T #ifia),
PE 4% anti-CD8 (CD8 MtEAINE) & Y FITC £ anti-CD4
(CD4 BEPEMIAN) 20 % =BT 30 DA v F2— 3
> L7=7%, 250 uL @ 0.5% BSA %% e PBS T 1,200 rpm, 5
min T 2 [EBE4% L 450 uL @ 0.5% BSA % & ¢ PBS |[ZH#ilE
L, BS7TumDFAar Ay vaTARLEZ., MEFDY
RERIE, M 0.1 mL 12 0.5 ug @ anti-CD16/CD3 % il %2 C
Fe &K% 7 v v s LIz, PE-Cy5. 515 anti-CD3, PE
Tk anti-CD8 & O FITC #£7#% anti-CD4 ¥ 7213 PE-Cy5. 5 %
% anti-CD45 (F L ERFL@HUR) , PE 3% anti-CD3 & U FITC
25 anti-CD45R/B220 #2303 14 > F =2_X— 3 » LTz
%, 4mL OFIMHE (Tris 1 g, NH4C12.8 g/500 mL) % /0%
THKPTS A FaX—a v Lz, FED PBS T
RL, 1,200rpm, Smin Tl L7z, &5 4mL D 0.5%
BSA % &1e PBS T 1,200 rpm, 5 min T 2 [EI¥EH4 L, 450 uL
? 0.5% BSA % & te PBS I[ZFRlE L7z, aotdem L7l
iZ7ma—4%A kA K VU— (Cell Lab Quanta SC * "X 7~ >
s a—)LA—fM) CHIE Lz, iRy voSERKiE T v—
A kA bV —"TPE-Cy5.5{Zi# CD45 HuiR TYufa L 7= A M ER
Foy A L, S DI HGELOFREE T HMEKE /30 6 U
RERME Gy B RE LT

5. & PCR
JE gt > & MiA 2 5% L, 10% FCS, 1M HEPES (1% v/v),

10 mM sodium pyruvate (1% v/v), 200 mML-glutamine (1%

v/v), penicillin-streptomycin (1% v/v), 2-ME(0.1% v/v),
non-essential amino acids solution (1% v/v)% & ¢ RPMI-1640
BE MU FFEIE L C 5% CO,, 37°C SRR T TR 48 L7z,
3O % 5 pg/mL @ ConA TIEMAL L7z, 5 KIS
flfa 2 4E 8 T, RNA filifHl & T RNAprotect Cell Reagent ¥1%
Hi 4 °C THRA(F L7z, # RNA 1 5x10* {7 & RNAiso
plus % » - CHbH L, High capacity RNA-to-cDNA kit ©
cDNA Z{ERE L7z, E& PCR % cDNA iR T T A ~—
TagMan Gene Expression Assays (Inventoried)% Fu T
TagMan Gene Expression Master Mix THIlE L72. SUGIE,
50°C, 243 (194 7)), 95°C, 10 53(1 Y1 7 /L), 95°C,
15F & 60°C, 143 (45 %A 7 V) TiT->7=. PCREMIE
ABI 7500 Real-Time PCR System (Applied Biosystems Inc.) T
UTNEADZRE LT, I LTS RNA &iFINT A
¥ — v 7 B{E T B, microglobuline (B,M)% = > hm—/L &
LCEHE L7,

6. Fuf

1 mg/mL OVA & 9% AIK(SO,), % 1:1 T/EA L KOH T
pH 6.5 IZF#HM L, PBS T 3 [EEH LT, 0.5 mgmL O
OVA(+ralum)iEK 2 ER LIt & L7, 8-10 WD ICR
~ U AT, QUAT % 7&BE/KTHAEL, 0, 50, 100, 200 mg/10
mL /kg T 1 BEGHIREAEG Lz, FH 1LH=0 100 pg
OVA(+alum)/ 200 pL Z fEFEANBE G Uz, xR PBS 2 &5
L7z. OVA #5701, $#514% 8 HIBICREHIR SEMm L, i
WEESHEL T, MET 5 E T80°C THRIFLT-.

7. HFLOVA-IgMFLARDOHIE

FT OVA-IgM FLi&iT ELISAIETRIE L 72, 96 "D~ A 7
17 L— RZ 100 pg/mL OVA % 100 uL Al % T 4°C T—Hk
JE L CEFME L7, 0.05% Tween20/PBS (0.05 T/P)<T 6 [A]
e L, 5% BSA/PBS (S5B/P)ZMZ TEET I K7 1 v
X U7, 501 & 150 FECFIR L= Mk 2 0 2 C 2 R
FHiE L7=. 0.05T/P C 6 [HI¥EH4, 5BP ZMAX C=HIRTI
Wil 7' e > 227 L2 HRP AZ#% L7-Hi~ U R IgM ik %
Nz T 2 FERIRHE L 0.05 T/P T 6 [mIPei L7-, FEW

(ABTS &) Z#MNZ CTHMBESHE, 0D405492 () O
ETvA 77 L— ) —=F— (P IARVE—h, Fthl
FET LR CHIE L7z,

R
1. FELIBHEREL
# 1 ICHTE & 200 mg/kg QUAT O 5% 2 HH O ICR ~
U ADKE L figgnERA AR L. QUAT O#H5-T ICR
~ U ADKE LT, B, W, RO E R L7
Mol

2. MIRHIMD Y g kD H A 7
Mo SHENT, AE 21TV QUAT D5 (0,
50, 100, 200 mgkg) (kA7 L TR BINE R L (Zh
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Fh 9.59+£0.98, 9.57+0.90, 8.81+1.39, 7.70+1.54 x 107
fa) . MapgoMfE D 727>T CD3'CD4'CDS", CD3'CD4" &
CD3'CDS Dl kix &b L7z - 72723, CD3'CD4'CD8"
AL 0, 50, 100, 200 mgkg QUAT D5 TEEN
5.03£0.52, 4.84+0.54, 4.19+0.49, 3.66+0.67 x 107 (ZiB/1H
mERLE (K1).

3. gD Y Bk EZ AT

X 2 IZRR MO T Hifle & B Mt % 79, QUAT &
A% o pligh THIR & BAIEORII R & N TEE L7
Motz (X24).

4. RO Y 8RO Z A 7

FRAE D [ i ERE L 200mg/kg QUAT D P& 5-CTxIHE D
80%! I L7z, AMER @ T #l%kE 200 mg/kg @ QUAT
B HTHLEL L > 7228, B AL 200 mg/kg O QUAT
FETHIBD 62%ICH B L. £7-, BiilaokEd
X QUAT O H BARIFHENR H o 7= (X 2B). ( *p<0.05

Jonckheere test )

5. PipkEEA

QUAT #: 5%, OVA/alum THAE L7z~ A0 8 BHE DI
& OPUFEF A IgM Hifk % ELISA THIE L7= (X 3). 0,
50, 100, 200 mg/kg QUAT #¢5-THt OVA-IgM FLikfEIT%A
HAKAFINZIEA L7z ( #p<0.05 Jonckheere test ). 200 mg/kg
QUAT £ 5-TiIHL OVA-1 g M HUA R IT R BRIZ LT 64% T
AEICHAD Lz,

6. MEgMIRR DY A A VEA

QUAT %25 Lo~ 7 20 Jiligiiia 2 ConA THIF L 7=
REDOYA b A > mRNA O ER L (K4). xH (0
mg/kg) TiE ConA FIKATIC L, TL2 1% 230 fi%, IL4 1% 28
%, IL6 1 14 %, IL10 13 1.8 f%, INFyId 78 5t Eh
BN L7, 50-200 mg/kg @ QUAT % #5- L 7=~ 7 A D fhli
HfE% ConA THIELT 5 &, IL2, IL4 & IFNy rmRNA (X%}
WE L FRRICESIML7=. L2 L, IL6 mRNA (% 50, 100, 200
mg/kg QUAT 5 THHED 63%, 49%, & 31%IZENZE
AUiZb L=, IL10 mRNA 1% 50, 100, 200 mg/kg QUAT %
HCHIRD 39%, 50%, 31%&TNENAEICHED L

( *p<0.05 Jonckheere test ).

=
QUAT R N5 L7RED VU » _ERDOY 7 » MIZEA(k
DdH2DNE I D%, Halg, Mg, RAELE TR~ KE

1. F D BHIRE O A58 QUAT D e 5- Bl 17 L TH N A L

200 mg/kg HETIIABE ThHo72. LovL, Mg Bl
OBITEAL Uienotz. £, iR, MK K+ &b
T AR OEIIEIL L7 dy > 7=, QUAT O/EMIE T flICIX
WEE 529, PO BHMICERN TH o2, QUAT %
BOEb9 2 L —E3E» LRI S TIHIZAY, fh

O B ISR 52 TV B ATREMES IR S 7.

L B MO L TWD Z ENbho=0T, B
AR OB BPUEPEAE AR T ST D03 &R~z
QUAT # 5%, HUi & LT OVA %5 L TH OVA-IgM $T
KEZHT-. WENS, QUAT 513 B Mtk o
WO OVA-IgM Bk E b L7z,

PLOVA-IgM FUikid T MlKIEETH Y, B MIRINEN:
{EEAUTHISE L, PURREADMERET D721l T Ml s 5
DY TFNENELTS, DF0 THRIEIYA A%
PEA LT Bl 2y b3 %. 1.2, 1IL4, IL6, ILI0,
IFNy (3 TR PEAET B2V A4 R A U THY, St %
Rt X 2@ % %29 5. Th1 1L IL2, IFNy % Th2 i% IL4, IL6,
IL10 AT 5. ConA 1 THIfRZTEMEL L CHA M A
VEEA T RET 53, QUAT #5-%%, ConA HilEC, Th2
DFELET DY A S IA DB ILA IFx I & RIFEEE 80
L7228, 116, ILI10 (IxtfRIC b~ ME M &R LTz, FRIC
IL10 IZH BRI HE EICREA Lz, 16, IL10 14 B #Hifa
DG L PUREEAEZRET D22 BNMONTNDHDT, £
NHORA, B AIRRORD & GLikpEA OB O FIK T &H
LI ENELZBNE. DT L1, QUAT ITRAIIC Th2 #
WICPER L, Th2 Mk DH o IL6, 10 FEADED Y, Bk
PEAE WD ST D ABEEZ RIBE L TV .

200 mg/kg QUATD 1 [HID 51T, $0% RITAH B 7R HIE
A%ZR L. ZOQUATOBRIZ2%IEHE T &HiZ10 mL/kgD
BHETHD. HE, HRICANLONTNS0.01-1%E 0 b
FIRETIEH D, — 12200 mg/kgdD & ARNICELY iA T
ZLEHEIITR I 220, QUATOVEMICIZ A fHE
TEERRLNTZ LD, DEOMEY K URTE CHufZ B
W%ﬁﬁ’éT%@ﬁ%é R, FEOBNTI—T

RLFHACEZ LI-EFR, bETH, AT, EEHDLIV
i%%ﬁbfn;ﬂéTm@#,%K%%ﬁ@%@t%i

BAL, AEOFMIRA S LE Tl 2.

TR
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F 1. v UAORELIHRIRE I T 5 QUAT D% mean + SE (n=5)

Cont QUAT
Body Weight (g) 26.09 =+ 0.64 26.60 =+ 0.91
Thymus (mg) 547 =+ 13.1 61.1 =+ 3.7
Spleen (mg) 1179 =+ 52 1128 =+ 18
Liver (g) 1.36 =+ 0.13 142 =+ 0.09
Kidney (mg) 333 =+ 35.1 346 =+ 14.8
6 6
Thymus CD3~ Thymus CD3* T

(4]
3]

IS
IS

N

N
Cell No. x10 7 cells
w

Cell No. x10 7 cells
w

—_

-

cbg* cD4* CD4* CD8*  CD8CD4~ cbg* cD4* CD4* CD8*  CD8CD4~

o
o

1. FRRAIREIZ %95 QUAT D2
n=9 (1o [7]50 E 100 B 200 mg/kg

(A) spleen (B) Blood
1.4

~

(=]

- 1.2

[3,]

-y

08 r

0.6 -

w

04 r

Cell No. x10 8 cells

Cell No. x10 7 cells

—_

o

T cell B cell T cell B cell

2. (A)PUIEANAE & (B) ML IZ 595 QUAT D%
n=9 *p<0.05 Jonckheere Test L[]0 (150 100 B8 200 mg/kg



Fold of B 2M

Fold of B 2M

3
[=3
o

100
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Arbitrary Units

0 50 100 150 200

mg/Kg

3. #L OVA-IgM HiLiRFEA TR 35 QUATO, 50, 100, 200mg/kg £ 5-0> 2k
*p<0.05 Jonckheere Test

50 100 200
mg/Kg

0 50 100 200
mg/Kg

INFr

50 100 200 0 50 100 200
mg/Kg mg/Kg

4, ~ 7 ANRBEAL OYA N A BEAEREIT XD QUAT D2
n=2-3 *p<0.05 Jonckheere Test (] no EEConA
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Administration of Antimicrobial Quaternary Ammonium Compounds (QUAT) Caused Immunotoxicity in ICR Mice
Atsumi YAMAGUCHI', Tomoko FUJITANI', Norio OHASHI ", Dai NAKAE" and Akio OGATA”

In this experiment, we studied quaternary ammonium sanitizer (QUAT), which is widely used as an antimicrobial agent,
containing 2 types of quaternary ammonium compounds, namely, n-Alkyl dimethyl benzyl ammonium chloride (60% C14, 30%
C16, 5% C18) and n-Alkyl dimethyl ethylbenzyl ammonium chloride (68% C12, 32% C14). The immunotoxicity of QUAT was
studied in ICR female mice. ICR mice were administered 0, 50, 100, or 200 mg/kg of QUAT by gavage as a single dose on day 0.
Control mice received only water as the vehicle. Body and organ weights and the number of lymphocyte subsets in the thymus,
spleen, and peripheral blood were measured on day 2. Body and organ weights did not change. Lymphocyte subsets in the thymus
and spleen did not change. The number of B cells in peripheral blood decreased in a dose-dependent manner, but the number of T
cells in peripheral blood did not change. ICR mice were administered 0, 50, 100, or 200 mg/kg of QUAT by gavage and
subsequently immunized intraperitoneally with alum-precipitated ovalbumin (OVA) the next day. OVA-specific antibodies in the
serum were evaluated on post immunization day 8. Consistent with the decrease in B cells in peripheral blood, OVA-specific [gM
formation was significantly decreased at a dose of 200 mg/kg of QUAT administration. Spleen cells from mice administered 200
mg/kg of QUAT expressed smaller amounts of IL6 and IL10 cytokines. These cytokines originate from T cells. These results

suggest that in ICR mice, QUAT may impair the immune system through a T cell-dependent immune response.

Keywords: quaternary ammonium compounds, QUAT, antimicrobial agent, immunotoxicity, mouse
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