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O Session 1. Toxicology and Pathology of Air Pollution

- Cardiopulmonary Health Effects of Air Pollution

232} : Kent E. Pinkerton(University of California Davis)

Ml dolH BA AN A foF A

> o
o X

&N YA 2L AR 49Fe Fe TV L9HeE,

S g =

ol FH FAVIHAL TE, =& 7z 9%, 4 F oY

ool HEBAG WAL FHe 1A B Fu TEWL
B goln, YAEAe g BANGH 44, H29
ok, BF7)% ABBA AESL B G o3 245

- Susceptibility Variations in Air Pollution Health Effects
32} Urmila P. Kodavanti(US EPA)
Al A 29 fAAYe FrledUoR fuE A
s2 Wee ZANAAY ZaAN, FAA4E 2ol

S, AR mE mA vE, Fud, obEy] gewdE, A
AN A 2EHZ Sol Frleddd o
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Pro-allergic Th2 phenotype)<= ] WdsHA st%oH,
SE7IME §gnto] 2 22 (Respiratory syncytial virus)oll o g
HE g fdedel ¥ A 839 A

%7]9—03%01] 9]5_].' /1\_]_7‘(‘" Q_}'Ogﬁg: %_7]._‘13. Xéj\]/\]'ﬂ;ﬂ =
o

—

oo 2 o

L T el )

- Exposure to Ambient Ultrafine Particles as a Risk Factor for
Neurodevelopmental Disorders
WA} : Deborah A. Cory-Slechta(University of Rochester
School of Medicine)
B2 IGEgxAA AH AFHEZ Ao (Autism  spectrum
disorder, ASD)E =gt AT EANe} T L9d
o

EEo] d¥o] dvar B3a =

2 =
2 HF 2 F2IE FEEHY, 2uA g4
AF3E  Lipopolysaccharides®] ©&5 9 23 =& %
A= AAE =82 dele old A3t AdHA
o, HAl/ZEA] HA] =F Fole WA Fe ¥ ST



- New Onset Asthma, Ozone, and Innate Lymphoid Cells: A

New Pathogenesis Paradigm
EA}F : Jack R. Harkema(Michigan State University)

obs7le] M B Aol &Y T LEH} AHoE HH
=

AolA e dd =Eoy 2d9de SRR €Al 2Es
E=F sigle W Bl 2% HYd HaAx sAle Suket
SAkTAd el gEshe Blo] ERlEfeH, 2Fo o)
E4E AR ZEVIE Wde LA videld Ay #dd
AP AdQ HYeM &= sk Ty BAEZE obd 2%
AH "HZFAE(L2s)O] ofsl =d =, =, 29 WhaH
EZo] HAAAE V=9 FAREE IL2s w7 28 HHREE
ety BHle T

mebA, 71 T 2E A a3 a2 e ojye]d
Fob HollA A 29 "o ndHErd Blds A, 24k

[¢]
A= MM E AL

= o, W 1

0 Session 2. Toxicologic Pathology of Workplace Agents

- Organic Solvent Neurotoxicity
WA} Peter Spencer(Oregon Health & Science University)
n-hexane2 A, 7+, 2 7= AF AAA 2L Ak s
A F71SAR ol ARSEHA A=, AR T <
=3 =22 ZEANAAN 22 4 A Sa-5 =)
£3), £33} xolA A2 BuHT 3
n-hexane< A7} =™, y-diketone ARl 2,5-hexanedione
5HD)E 99%2bA4e fuam, = O ydiketone
A 1,2-Diacetlybenzene(1,2-DAB)& &% FARAS g
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£3], A7 vA&T-S T8 Stathmin 2 Actin alpha 27}
y-diketone?] ZTATGHAZ g2l 5

-diketone©] Lysine®] e-amino®} F7}A|
Lysineo] JH3 @ids EXA7H,

- Rapidly Progressive Pneumoconiosis in Appalachian Coal

Miners: Clinical and Pathology Findings
TE A} ¢ Robert Cohen(University of Illinois Chicago)

MEelAE AR PR AdAFe AT Fel Fy

AeE B FEAAA AR F0] SR oS
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- Silica, Lupus, and Dietary Omega-3 Fatty Acid Interventions
23 A}; 0 Kathryn Wierenga(Michigan State University)

A3 d A 7HCrystalline silica)2} 2ol Quw7}-3 A4kl

Docosahexaenoic acid (DHA)= A4 EHHA F3Z 2 (Systemic
lupus erythematosus) &3 #H# o] §)

Fx2 7k 2del NZBWF1 tpg-2oA HZo =

Fof Al WA ATHH A H-E(Self-tolerance) A= A7HH
Hhsol wRET, FHeAMe olad HESE IAsUe

S
=

oJak YETE BAE, TAZ, ALHFYE/NAE, 4713
Fyste YAATE TAHYOM, oF o]y YuTE
" AR FUAI L, ol ATANG LS S



THIE& A2, DHAS FAsisl= W A&7F fdsts
ol HEEZ JA, A 3 B AA Aol Al =

- Flavorings-Related Lung Disease
2¥ 7} Ann Hubbs(NIOSH)
mool s AAEAJDA HZ, F5 2 A9 At 2l A
dote = ASAIA HHAG A7IBdAFo] TS A+
34 Alpha-dicarbonyl 3}3t&, Diacetyl(2,3-butanedione) 2
2,3-pentanedione®] A4 ZIHAA DA #AATE Jd=dH, #E
AT A= Diacetyl® 23-pentanedione°] W2 A&
AA G@Rd FgAEe Belete, 7= AuIAE FERna
Hysta =

ZoA A kE Al AR E”ﬂ A AZIEA DT AR

7]‘: A7t FEEden, =3, HAS FUAE ATl A
3-carbon  alpha-dicarbonyl §}5L =21,  Methylglyoxal-&
Diacetyl Xt} % FEoA 5 AuAALE F28A+=
HEFE A it oz ALESt= &< Diacetyl, Acetoin

i 3
rw r
-.>1

2 Acetic acidE FAFAI FASE FEE YEo =& A,
Diacetyl ©=o|u T & =43 Eg=EddA 7= 4ozt
=YX T Acetic acidYt Acetoin @ELEA=

A &=

Q Session 3. Toxicity Assessment Paradigms in Regulatory

Pathology

- Toxicity Assessment of Food Additives: Myrcene, a Synthetic
Flavoring Agent
3L - Steve Mog(US FDA)



Mycere& 3}&3F, W, Al8A A& ¥ 9 ofyzy, &4 3
2ol ArsE AT AMEE

1l FDACNA At & EEZF Myrcened A FHE= A
Ay, oA AR AxFd HF/ALTo F948 UA
S7tste] Ao A dekdo]l IAHJ o, FA L

8%, AL 0, 4,2, 6%E FTART ¢3lo] A=
A= AFAA ol Y=

- Cell Phone Radiation: Toxicity Assessment of a Physical Agent
232} 0 Mark Cesta(NIEHS/NTP)
FoZeoly FA AHle AR 3 Eady wWAA Es
Hole & dEstr] fls F4 F3 WAs(Radio frequency
= LGN AEA ==
°R

radiation)= &AFS}IL o]
15 WXx 7]« Global system for

z7] FdEe F2 A
mobile communications(GSM)Z} Code division multiple
access(CDMA) ] A=

GSM % CDMA FAFa WAL WA S4e H7shr]
el A BlobRE S 235k b SD HAE A HAxE=E
900MHZ= 15, 3 ¥ 6 W/kg FAFITYA S F 7H3¢
A A w=FEg o APAN, FAFISs WAES
PA7] &t on] Ho| AFHd4L D A7 BAAT HAaE
fFastd oy, A71Y AFe 2 F T dz2ed fFARE
TFEOE ATl AEHAUF

GSM 2 CDMA F A7 EFolA FHA B 7A A
Aol ANHzF 2 ¥l oA AAuFo] FRIFEF oH,

GSM A-FoA= FAl FZAgNA ZEXSIAH A EFo] F3

EETANA FTFEES FRAMT T o] A==



- Risk Assessment Considerations and Chemical-Induced
Olfactory Neuronal Loss: Hydrogen Sulfide as a Case
Example
- W32+ David C. Dorman(North Carolina State University)

AR EAHS)E FANG E4E U A TR

S T

Y TAFAE il AXFolA B HHE fEg
cold HHE FnE HuFE =3 stol=ele 7271
Hed, o IHus:E FHE Edo FAH= 54,
stz wkg, 2 71l 2A%
-olE EBAE] Hste] B AFodAME AYTH FESH

—

=
Physiologically-based pharmacokinetic, PBPK)¢} X435
-4 (Computational fluid dynamics, CFD) E&-& Z &
stA=H, Aday Fsltrao o Tz A HAelA
Z1R/7F wE BEE o2t YE e, Cytochrome oxidase
AA o= dAH U= Aoz FAHAF

[4_{

- Polyethylene Glycol (PEG): Neurotoxicity Assessment of

PEGylated Biologics
- W3E A} : Deepa B. Rao(US FDA)

- Zgdgdd = F(Polyethylene glycols)e 84 E3HA
AT 2 Fa Fod &ARZ ol&HA Aoy, %=
T2 Fo(el, A9, Jst, o5 u)dA ZZcEd
=Y F HAxFo| g FHEAE 2

- ZPoEd SdEH AdEAd AFstes S oEe

7€ S7H7IE AR, HYEAEAAA  E
g3 Agd AgEA Fo A #AFEHE= kil
< X3} (Vacuolation)?lH], Z2jodx =8&F9 AF
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mAE Aoz dEA IS
A A NN A He Wit AuAlxz 9 HujdEo mAdEdH 9
el Hgo] AAAA FExsrt #EFEHJAE=H, HYERZA
sishio s ZEdEd 8= S40] IAHAS

- o2, Recombinant human IGF-1°] Zgogd =g
a3 FEHrE 2gEHA ¥ FEHEGD Ho FHo] H&=
AL & v Y- HAHE TETTLE THS= A=
A=y, ol EgdEE =g EFF54o A AEEEY
Fluoro-Jade EA H7}olA A7 7]Foly & FF&
H XA e AR FRAEAoew, =kHl YFHILE
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O Session 4. Endocrine Disruption and Reproductive Pathology

- Antiandrogen Mixology: Cumulative Effects of Environmental
Chemicals on Male Rat Reproductive Tract Development
- W32} ¢ Justin Conley(US FDA)
=819, FERH, A4 5 da 5 94 447 ol A
Hd E9 Z7h FAG dom, oY B4 AS F
dEEoA A

E Eo, ¢lz=zA F£84

ﬂl

=
=
=
=
el
R
X
ol
=
kr
i
o



(Adverse Outcome Pathway, AOP) HES9ZE F¢=E + =

- Reproductive Consequences in Adult Female Mice following
Developmental Estrogen Exposure: An ERa-Mediated Estrogen
Response
- A3E A 0 Wendy Jefferson(NIEHS)
col2ERAAY FetEd wE2 AT V1Y, =Y 32 o=

fridsh=t ethylstilbestrol(DES)7} Ejolell =Z=H, A2 7] A]
TR Bl B MIE Fol MEES HEE sk
Aol He W FgAuet Ageko]l TAT 5 E(>90%)

A Ul DES =% EHoke] FH 734 A7elA T 9fn|

NE A= FHA 2olE FE3t= S A9 ERa dependent

histone H3K27ac®] #dAZo #3 AT72#=E, AAdA=

oldl Axs FAstrl HsiM Hokr]ol DESel =%

AR ST B =T (A FA7IE EA 7)) Aol A

RNA-seq®} H3K27ac ChIP-seq& AA3AS ol thxT9

LA FA 71 6F LG 7] Abolol A= 416170 FHA TR o] Zpo] 7}

lom, o= WAF7] Hakel AHo] AU+

]
-HFE ) 2T 279 DES =79 A& 7)o A4 3,330
TR o] o)zt Qlglew, o= Ejo}r] DES =& A&

1
Ao, 53] AAY DES EolAQ A W F3A EH zo] F
40%E F74 ¥sE, Hol] DES =& Ald= gRlE= ¥sl ¢
- H3K27ac®} ERa ChIP-seq A3 ol"d FHA9  50%°l A
H3K27ac 41&7} F7FskAY vl 7+2 <] ERa binding 230l
FolElm g o]yl AT DES =& AgolA fAAe] g3
Hstol] &2 o= Ae AAT

tlo T

- Update on Intersex and Endocrine-Induced Reproductive

Abnormalities in Fish
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- W32} ¢ Mac Law(North Carolina State College of Veterinary
Medicine)
SEIAe 2@Edel Mg A
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43, Ethinylestradiol(EE2), TF
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O Session 5. Pathology in Ecological Research with Implications
for One Health

- Honey Bees and the Four Ps—Pesticides, Pathogens, P-coumaric
Acid, and P450s
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A} May R. Berenbaum(University of Illinois)

Z7HF MAARA EHE vmEdeld T2 d48s st
=24 A ¢ Fadddew AFAs BAA =Eo] hsA
o] o
M a

20061 Als Al#HA(Genome sequencing) A, EXH fFHA
SoNA AAolE thAtel AHEE Cytochrome P450 7 =}ke}
AYdd A v uE I Ey dag A9
ZE o, 9 ASA, THNAAA Soll o8 <tstH

rJ

SFA| Y, P-coumaric acid ¥ Quercetin 22 24lo] 2 &3e&2
(Phytochemicals)& HY3 o] 58S FHAIE FHAAES
EXNA B AFA YAA ] AFL 5 YA F

- Integration of Pathology in the Assessment of Adaptation to
PAHs in Atlantic Killifish(Fundulus heteroclitus)
232} @ David E. Hinton(Duke University)
HAYols sftAte] AL FALANA FHAE
Ab-go] ol 2ol AstH, EAHEAA 100-500 pg/g= oHH

WS d3lra EFEo] 7HE ®ol 45 e Ao
=]
=

A 294 (Fundulus heteroclitus)= 43
olFoE HEFAIH oAz I AN FH BddE ==

2 4 2 % ol A=
W7 gW olge syt BaFRoH, A elE mALE
FE3} 8 AAE B4 5 0 W, A% BgE, AT
WY #E g4 34 5 3l HobrldAx A%
% w Fny 4484 5 H71@40 #BIAS
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- Biochemical and Hematologic Changes in 28-Day Rat Studies of
Seven Per- and Polyfluoroalkyl Substances (PFAS)—Beyond
PFOA and PFOS

T} Michelle Cora(NIEHS/NTP)

B 43154 Perfluorinated substances(PFAS), Perfluorobutane
sulfonic acid(PFBS), Perfluorohexane sulfonic acid salt
(PFHxSK), Perfluorooctanesulfonic acid(PFOS), Perfluoro-
hexanoic  acid(PFHxA),  Perfluorooctanoic  acid(PFOA)
Perfluorononanoic  acid(PFNA) % Perfluorodecanoic acid
(PFDA)E 3tgE9 A-&71ek dold wE Al 4=
o] 3l7] 9sle] ¢4 SDU o) 28U F9k T3S

old =2 dF, 7IF H = AL g= AAE(,

=4 BA &v 27|, €F HHA FHHE)E W=+ 4

ANeE 3 SBAY) 2WAEORE AS o

AR s Aostat, Agge AN FEAelA Loy
955470 Zletw, 2zrdsn sgzdMddel=s ga
sh= sz} HelE o, PFHxACI A= A4 wdo] B2
e

zAYE S A, A o B A, BEAE F Ta
So] FAEAS

- The Occurrence and Toxicological Effects of Freshwater Cyano-
bacterial Toxins

32} Gregory S. Travlos(NIEHS/NTP)

g ZA| 7 (Cyanobacteria)= H o] FE3F BEIA A A2 st=
FHA SR, 2 A%, YR BY, F day
e IS AT RIYAS Aol 98
=z 7|t &9, FES 9E =

1



& =*(Hazardous Algal Blooms, HABs)E Astal
a7l M, oKllEE, Ths, d¥gEE B AFECAl 7HA
FEFe A= AE & dHA U=

e dEx2ATe M £ 54 dEEoIER
Cylindrospermopsin (CYN) % Anatoxin (A-a)¢} 3 Efo]=<l
Microcystins(MCYSTs)e] 91o™, CYNE o8 #7]o] &S
H 2=, 53 o &4% ¥ #EstH, Aas A7
=4, MCYTSse= it S48 484 s

O Z2H MA(FLUE)

- Three-Dimensional Human Uterine Fibroid Cell Culture for
Exploring Molecular Mechanisms of Fibrosis and Nongenomic
Signaling by Environmental Estrogens

23} ¢ Lysandra Castro 5 (NIEHS)
33AED) WA EEe AZEYI ARAAFeNA  Fgol
et e, Ad ERIE(AET 2F)e AT

=

[}

BN ZAA FEHFE FAdTUdOZ oA x]_%o] HZAOoZE
A9

=N

}%Loﬂ/ﬂ O]‘jﬂ AretsE 7=
A Al e xﬂl_‘% Ht UtSMC)«OJr s B &< F(H-ULM)
NA SHEHAAE = 3xY =AHPFHE FUisiA =,
I HELLAE 96-well platesoll A FHFAME v AE o] &
st FAA 713 79 Fof| 5=

813 10% FAHAEEUdH| TAHA 7] 1% agarose® A ] 5}
AL E  Stal, Hematoxylin  and  Eosin(H&E) <4 2}
Masson’s Trichrome(MT) @A st M=ZzFxe; Fhz =
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H&E Qa4 AZ IJEose 2sTde yHzgowm

sAsEA A BAAE G, oA AHe AP FRD

Azl @ BRHQOH, MIFANNE AFIEE
: JEREEE

S AELYANA By e ZA X

meb A, AsdE AT

s FEIH= HFAA
%S

AF3l=n @2 A8

- Bisphenol A and Its Analogues Induce Fibrosis in a 3D Human
Uterine Fibroid Model
3L Jingli Liu 5 (NIEHS)

Bisphenol A (BPA)®} 1 +ARAI(BPS, BPAF)« Cl=E=Z3%
GAF AAS 7R 34 UEuadERAE BPAE 7t o, Al
SoA AfFsE sk, 53], BPA 9 BPAFE w2

AgolA Ar3tE e Ao2 HiHo Q=
AqgoA Ae FETFT(Ee ATIHATET)S &3] A=
NAEZA ¥ TUHOo= Mz 7]4d(Extracellular matrix,
ECM)9] #=3 HZo] SAHOR, AFIHdFEd A4
At A & A 2EZAS Ade WA AA F=
3 3 F(Ht-UtLM)= ©] &34 BPA, BPS
BPAF (10°-100 mM)29] A=Z F2, A3t A #dd g
ATE Ao, AZA|¢E Cell counting kit-8 assays
o]-&sto] st om, BAFAA #dx & ZHE 2 Fibrosis
pathway-focused RT? Profiler™ PCR array, A-3l= Ik
A oA Masson’s Trichrome (MT)E4, M=zl 714 F4
722 Western blotting< ©]83te &35+

J¥ZA3},  BPA, BPS ¥ BPAF= 3atd HidmEA Alx

/\
24 8 HesE mT ZpAZom, AEe) /8 FAEAC
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- Al-Based Method for Quantification of Bleomycin-Induced
Pulmonary Fibrosis in Mouse Model
232} Uttara Joshi 5 (Aria matrix)
A3 7 U g FYE AWe= AE aart
gt oz dedAd goW, we HfE FREIL
o) F AEE NTAY AUF B NP Lol A Fa g
AFAA Aol sAse ANGE BoE AH, 28, A
2 0] 9 &
2 AT = Al HEY(Deep learning)d o]w|A|] A&
ol&std HAYF3 A=e AT AL} Vles FHSL
O AsE B stArE T Ayt Hlusk sl
A FEe 1070A 40MiEE 1000782 o] WA ol A
FRFAoH(Td A= 9895%), L F 6079 Aolx
Aol Aol ol FA =
Bleomycinge FH% w29 #H F AMEo|A, Picro-Sirius
Red-Hematoxylin (PSR), Hematoxylin and Eosin (H&E)
dHe T He STHel=E 2R SERel=E olvAE
stom, olHAE 512 x 512 FAS}st] Ty 474A
sGetE =2 Edstal F 8t shols
1) Color deconvolution® 2 &zl 2, AS AAE<

Resnet= ©| 83l 9 A7|#x], d3 F9 SAES A Y

ox
o|N
(0]

m
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ol AdAolA WelsArt FadAsel Ao @
Ane RYoDE AIE ol&d BE AFHE AMAI
Ae o Ak A 4 Qe Piol D 5 AL

O =Z2H TIHE(1)
- Immunohistochemical Characterization of Oxidative Stress in
Lung of Rats Exposed to Humidifier Disinfectant, PHMG « HCI

LA olgE ATHd, A Ead diY
PHMGE 2FF, EE4, 9 53] 7l57] AdAldA d8 A
28 FHAZ, gstATE 20113 YA} o P o] Eo] Al
dd =Hel #HEdS Tyo] Jhsrl FAE] PHMG - P}
Aol Aot ¥ oy, PHMGY o2 FAEZAQ PHMG
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FEZF : Polyhexamethylene guandine (PHMG) was widely
used as an antimicrobial additive in humidifier disinfectants
as well as shampoos and wet wipes in Korea.
Epidemiological studies reported that an outbreak of
pulmonary disease with unknown cause, which pregnant
women and children died from, was involved in PHMG - P,
the main ingredient of humidifier disinfectants. Because
there is still a lack of information on the mechanism of
toxicity of PHMG « HCl, another derivate of PHMG, this
study aimed to characterize the oxidative stress of
PHMG « HCl in the lung of rats in 13-week repeated
inhalation toxicity study. Male F344 rats were exposed to
0, 0.13, 0.40, or 1.20 mg/m3 of PHMG « HCl for 13 weeks
via whole-body inhalation. Histopathological examination
and immunohistochemistry for 4-HNE, oxidative stress
marker, were conducted in the lung of rats. The number of
4-HNE positive cells was analyzed by Image J. In
histopathological = examination, lung lesions including
alveolar/interstitial ~ fibrosis =~ with  inflammatory  cell
infiltration, detachment of bronchial/bronchiolar epithelium,

bronchiolar-alveolar hyperplasia, bronchiolar/alveolar
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squamous metaplasia, bronchial/bronchiolar/alveolar
exudate, and alveolar hemorrhage were observed in 0.40
and 120 mg/m’ groups. In immunohistochemistry, 4-HNE
was expressed in the epithelium of bronchiole, mainly Clara
cells and macrophages in the fibrosis. The number of
4-HNE  positive  cells  significantly = increased  in
dose-dependent manner. PHMG * HCl induces oxidative
stress, which could cause tissue injury and inflammation
that proceed to fibrosis in the lung of rats. Based on our
results, this experiment is the first study that oxidative
stress of PHMG is immunohistochemically proved.
Therefore, our study could help elucidate the mechanism of
PHMG-induced damages in the lung of patients that were

injured by humidifier disinfectants.

O T2E WE(2)

Two-week  Toxicity study of Humidifier disinfectant,

PHMG « HCI by Whole Body Inhalation Exposure in Rats
HEa ol SE AT, AET Ui
PHMGE =ollA 7h57] AdAZ de] AHgd A RA,
A=Al 2 dAldt o3 oflolelA PHMG - P7}
Hd7E 8t Age 3 Aoz Bsioy PHMGH
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, AT, dHYEt,
d43st, A7 %, ¢ 3 248d AAE 2=
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P =5 : Polyhexamethylene guandine (PHMG) was widely
used as a biocide in humidifier disinfectants in Korea.
Epidemiological studies reported that PHMG ¢ P provokes
pulmonary fibrosis in pregnant women and children, which
causes their death. Because there 1is still a lack of
information on the toxicity of PHMG « HCl, another
derivate of PHMG, this study aimed to characterize the
toxicity of PHMG +HCl in rats in 2-week repeated
inhalation toxicity study. Male and female F344 rats were
exposed to 0, 1, 5, or 25 mg/ m> of PHMG « HCl for 2
weeks via whole-body inhalation. Clinical signs, body
weights, hematology, serum chemistry, organ weights, and
gross and histopathological examination were conducted.

Emaciation and rale were observed in male and female 25



mg/m°’ PHMG * HCl-exposed group. Significant changes in
hematology, serum chemistry and organ weight were
observed in PHMG » HCl-exposed groups. Gross observation
showed  ballooning in the Ilungs of rats in
PHMG « HCl-exposed groups. In histopathological
examination, atrophy/regeneration to squamous metaplasia
of respiratory/transitional epithelium and atrophy of
olfactory epithelium in nasal cavity, atrophy/regeneration to
squamous metaplasia of epithelium in trachea, inflammation
and squamous metaplasia in larynx, fibrosis, necrosis with
inflammation, inflammatory cell infiltration, detachment of
bronchial /bronchiolar epithelium, bronchiolar-alveolar
hyperplasia, squamous metaplasia, alveolar emphysema, and
hemorrhage in lung were observed in PHMG * HCl-exposed
groups. PHMG « HCl causes a variety of inflammations
and nonneoplastic proliferative lesions in the nasal cavity,
larynx, trachea, or lung of rats in PHMG * HCl-exposed
groups accompanied by significant changes of clinical signs,
hematology, serum chemistry and organ weights. Based on
our results, this experiment will provide information on
histopathologic characteristics and dose selection for long

term toxicity study

V. AN & E0IAIZ

O B AxZA Y2 NIEHS(National Institute of Environmental Health
Sciences)/NTP(National Toxicological program), uSs
EPA(Environmental Protection Agency), US FDA(Food and
Drug  Administration) %  NIOSH(National Institute of
Occupational Safety & Health) & "= SA43#H Fo7|33
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Pathology Department, Inhalation Toxicity Research Center, Occupational Safety & Health Research Institute,
339-30 Exporo, Yuseong-gu, Daejeon, Korea, 34122

Polyhexamethylene guandine (PHMG) was widely used as an
antimicrobial additive in humidifier disinfectants as well as
shampoos and wet wipes in Korea. Epidemiological studies reported
that an outbreak of pulmonary disease with unknown cause, which
pregnant women and children died from, was involved in PHMGeP,
the major ingredient of humidifier disinfectants. Because there is still
a lack of information on the mechanism of toxicity of PHMG<HCI,
another derivate of PHMG, this study aimed to characterize the
oxidative stress of PHMGeHCI in the lungs of rats in 13-week
repeated inhalation toxicity study.

1. Experiment design

Concentration
Group Number of animal
(mg/m?)
Control 0 5
Low 0.13 5
Mid 0.40 5
High 1.20 5

1) Animal: Male Fischer 344 rat

2) Test substance: PHMG<HCI

3) Route: Whole-body inhalation

4) Inhalation time: 6 h/day, 5 days/week, for 13 weeks

5) Histopathological examination and Immunohistochemistry

- Positive cells of oxidative stress marker 4-HNE in the lung of rats

was analyzed and counted with the Image J Program per unit area
(0.25 mm?).

pacit g
Figure 1. Histopathology of the lungs of rats exposed to PHMG+HCI. A), B)
No abnormal lesion was observed in control and low dose group, respectively.
C), D) Fibrosis with inflammatory cell infiltration (arrow) was observed in alveoli
of mid and high dose groups, respectively. E, F) Hyperplasia of Type Il
pneumocyte was observed in alveoli of mid and high dose groups, respectively.
G, H) Epithelial detachment (arrow) and exudate (arrow head) was observed in
bronchi or bronchiole of mid and high dose group, respectively. 1) Squamous
metaplasia (arrow) were observed in alveoli and bronchioles of high dose
groups. J) Hemorrhage (arrow) were observed in alveoli of high dose groups,
respectively. Magnification: x200, HE.
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Figure 2. Immunohistochemical findings of the lungs of rats exposed to PHMG<HCI. A) No positive
cells were observed in the lungs of control group. B) 4-HNE positive reaction was detected in the
cytoplasm of Clara cells of bronchiolar epithelium (arrow) in low dose groups. C) 4-HNE positive
reaction was observed in the cytoplasm of the Clara cells of bronchiolar epithelium (arrow) in mid dose
group. D) 4-HNE positive reaction was found in the cytoplasm of macrophages (arrow) of fibrosis in
mid dose group. E) 4-HNE positive reaction was observed in the cytoplasm of Clara cells of
bronchiolar epithelium (arrow) and type Il pneumocyte (arrowhead) of alveolus of high dose group. F)
4-HNE positive reaction was found in the cytoplasm of macrophages (arrow) of fibrosis in high dose
group. Magnification: x 400, IHC.
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Mean number of 4 HNE posiive calls

Figure 3. Comparison of the mean number of 4-HNE positive cells per unit area among groups.
ignif i ; "P<0.01 with control group; 1t P<0.01 compared with low dose
group; #P<0.01 compared with mid dose group.

PHMG-HCI induces oxidative stress, which could cause tissue injury and inflammation
leading to fibrosis in the lungs of rats. This is the first study that oxidative stress of PHMG
is immunohistochemically proved. Therefore, our study could help elucidate the
mechanism of PHMG-induced damage in the lungs of patients injured by humidifier
disinfectants.

1. Lee SJ, Park JH, Lee JY et al. Establishment of a mouse model for pulmonary
inflammation and fibrosis by intratracheal instillation of polyhexamethyleneguanidine
phosphate. J Toxicol Pathol. 9: 95-102. 2016.

2. Rahman I, van Schadewijk AA, Crowther AJ et al. 4-Hydroxy-2-nonenal, a specific lipid
peroxidation product, is elevated in lungs of patients with chronic obstructive pulmonary
disease. Am J Respir Crit Care Med. 166: 490-495.2002.
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Two-week Toxicity study of Humidifier disinfectantiPEMGSFHEePBYYWhole Body Inhalation Exposure in Rats

Yong-Hoon Lee, Hyogeun Cha

Pathology Department, Inhalation Toxicity Research Center, Occupational Safety & Health Research Institute, 339-30 Exporo, Yuseong-gu, Daejeon, Korea, 34122
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Table 1. Summary of

Figure 3. Gross findings of the lungs of rats exposed to PHMGHCI
ballooning ngs
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a R
res of rats exposed
noaeal cavity, A) 0 mglm’ group, x200. B) Degeneration o tansitonal epitheium
(arrow) in 5 mg/m? group, x400. C) Degeneration of respiratory epithelium (arrow) in 5
gl roup, 4400, ) Degencrakon of kanskionl sphelum (e n 25 MO e,
egeneration of respiratory epithelium (arrow) in 25 mg/m? group, x400. F)
Ulcerahnn of transitional epithelium (arrow) in 25 mg/m?® group, x400. G) Olfactory
epithelium in 0 mg/m?® group, x400. H) Atrophy of olfactory epithelium (snvw) in 25
mgim? group, x400. In Larynx, 1) O mg/m? group, x50. J) inflammation of lamina propria
(arrow) in 25 mg/m? group, x100. In trachea, (K) 0 mg/m® group, x400. L) Degeneration
of epithelium (arrow) in 5 mg/m= oroup, X400, M) Acphyicegeneraton of epielm
(arrow) in 25 mg/m* grouy ing, N) 0 mg/m? group, x200. O) Squamous
metaplasi of bronchice (arow) in 25 wm=gmp, X400. P) Fibrosis of alveoli (amow)
in 25 mgim? group, x400. Q) Detachment of bronchiolar epithelium (arrow) in 25 mg/m?
group, x200. R) Alveolar necrosis with inflammation (arrow) in 25 mg/m® group, x200.

PHMG-HCI causes a variety of tissue injury and inflammation in the nasal cavity, larynx,
trachea, or lung of rats in all PHMGHCl-exposed groups accompanied by significant
changes of ciinical signs, hematology, serum chemisry and organ weights. This study will
provide informations on PHMG+HClinduced histopathologic characteristics and dose
selection for long term tnxlmy study.




