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Abstract

Many studies have shown that particulate matter (PM) may have adverse effects on
the human body. PM has been associated with mortality and morbidity of
cardiopulmonary diseases. PM may affect the CNS by two pathways, through the direct
or peripheral way. In the peripheral way, systemic inflammation induced by PM and
transfer inflammatory response to the brain by enhanced neuroinflammation and
oxidative stress. PM might contribute to neurodegeneration diseases, such as Alzheimer’s
disease (AD) and Parkinson’s disease. Alzheimer’s disease is a progressive
neurodegenerative disease and the most common form of dementia, which is
pathologically characterized by the amyloid plaque of amyloid-beta (AB) , neurofibrillary
tangles of hyperphosphorylated tau protein.

However, few toxicology studies explored the association between PM exposure and
the progress of AD. The objective of the study is to explore the ambient particulate matter
induced pathological lesions and cognitive impairment of Alzheimer's disease by using
3xTg-AD mice. In the experiment, we use 3xTg-AD mice contain three mutations
associated with Alzheimer's disease. This is the first transgenic model to develop both
plaque and tangle pathology in AD- relevant brain regions. The pathology of Alzheimer's
disease is closely mimics the distribution pattern that occurs in human AD brains.

Male 3xTg-AD mice (17 weeks old) were randomly divided into control (filtered air,
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n=5) and exposure group (ambient PM, n=6) for about 12 weeks whole body inhalation
exposure. The ambient air exposure was conducted by using Taipei Air Pollution
Exposure System for Health (TAPES). The system can introduce the ambient air outside
and provides non-concentrated ambient air. After exposure, Morris water maze post-test
were conducted. AP, hyperphosphorylated tau protein and oxidative, nitrative stress
marker of 8-OHdG and 8-NO,Gua were determined.

The mean mass concentration for exposure ambient PMzs was 7.6 pg/m? during the
exposure duration. In Morris water maze test, sub-chronic exposure to ambient PM2s may
not impair spatial learning and memory in 3xTg-AD mice. 8-OHdG, 8-NO>Gua and Aa,
were not significantly different between the control and the exposure group in
hippocampus, cerebellum and cortex. Most of the 8-OHdG, 8-NO.Gua and Apas2 levels
also below the LOD (Limit of Detection). In the immunohistochemistry stain, APB1-16 were
not detected and one of the 3xTg-AD mice in the exposure group had more
phosphorylated tau protein. We found no significant differences between the control and
the exposure group in histopathology of lung and brain. Further study should be
conducted to explore the mechanism and toxicity of Alzheimer's disease induced by PM
in the older 3xTg-AD mice.

Keywords: ambient particles, Alzheimer's disease, amyloid plaque, neurofibrillary

tangles (NFTs), CNS, Morris water maze, oxidative stress
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T o T RkFZAFZERS T LI B 47 % % (Noldus EthoVision 3.1, The
Netherlands) . 4% & {7 & Tl ¢ 7 3 @R I (escape latency) ~ #% & jE 4 (Distance

moved) ~ % # # i3z (Cumulative distance) ~ 54 :# & (Swim velocity) ~ P #&-T 2 %
9
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*Tpr fF (Time spent in target quadrant) ~ B #%-F 5 % 3=t #(Cross numbers in target

A5 L5

quadrant) % %-#kc o
3.5 8-OHdG ~ 8-NO:;Gua 4 4

F b3t 3 RF AR RIS AR &R 4 A e (n=3)% & & 2 (n=3)
SF CRF MBS 2 ] SR N SRR BRI 0L A AR 4K HTER 5 i 8T B
I SO KRR BRI Y R e S 2 s R 0 e 5 % R L T (Cortex)

R

S

/| #a(Cerebellum) ~ /& 5 i (Hippocampus) ¥ %o % » B ** e & 3o ¢ R
oo L REE-80 Crkida o
DNA %3~

FEBgr 17 2. 25mg Pl s o e~ 200 pL ke e A 257 (Lysis buffer)i= sl i #e
20 puL 10mg/mL 3#-¢ & K (Proteinase K)-k f# 3¢ & ~ 75 puL 0.1mM 2 48 ¥ fig i
(desferrioxamine, DFO)i# #. DNA # . 5 it » 1 B o it ”m_ELFk » 3 65 CF
1/ )5 DNAZ S » F ROF AL HHEL T INBREIEP > L 4~ 4L 20
mg/mL ¥ 4+ i fiF A (RNase A)-k f2 RNA » » 37°C i¥* 1 /] pF > 4 » 200 uL DNA
% & % tbv% (DNA binding buffer)2 200 uL 100%¢2z #% (ethanol) » #-7% ;% > #cd # 1
DNA spincolumn > 12 16,100 g4 C a4~ 1 &~ 45fs F 3 o on D e 48 > 40 » 500 L
7 ek 1 (wash buffer 1) 4 16,100 g 4Cag~ 1 4 48 » £ 4 500 pL 75 i% % e
2 (wash buffer 2) 4 16,100 g 4C 3t 6 ~ 45 > #-H 4R F % 4 > & 4= spin column
I AT 15 mL A E dre g 0 4o 40l 7 7 1 e pE ik (nuclease-free water) >t
65°C 7 fis 5 A 48 17 16,100 g 4°C e 1 A 483 #% 31 DNA » i# Sheish & 127 =
Koo T KB * HrE & Sk k¥ ik (NanoVue Plus Spectrophotometer, Biochrom)ip] £ %
I enDNAE B 2 % R >3t & 260 nm ip] £ =k @ {7 5o DNA JE & > 2 A260/A280
a8 DNA B R » T 8% B R 473 1.6-2.0 7 DNA # A 32 8-OHdG %2 8-
NO2Gua -

10
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8-OHdG %3~

%P~ DNA 4c » 20 pL '5Ns-8-OHdG (25 ppb) 2 3C,*>N-8-NO,Gua (1 ppm) iF
B F iR p RS Sor 10l JEAR 5 10 U/uL i péfis S1 (nuclease S1)*t
37CF i 2 /] pF o £ 4 10 uL 10X sk - # i fi= 3 7% % (alkaline phosphatase buffer)
% 0.2 uL sk 144 ps p= (alkaline phosphatase) » *+ 37°C » & 2 /| F¥{$ » »2 10 uL 0.1N
# & (Hydrochloric acid, HCI)# f=i% 7% ~ 1 mL 2 &t -k (ddH20)#f % = 2 4e ~ 75
uL 1M fF e 4%9% it (ammonium acetate buffer, pH 5.25) - [58-60]

18 14 <7 DNA $& %12 Sep-Pak C18 Vac Cartridge (100 mg/1 mL Waters; Milford,
MA):& {7 F4p 5 B~ > F 44 » 100%:77 fiE(Methanol) 2 1 mL ddH20 ¢ - E S
TP gt FiRSERES % * 1mLddH0 2 AR BFLFRET R
e F o ACE ALY s e L5 mL 40% (VIV) P pR e BRI 0 R T B 3 RS
thdw Rk dg 3-4 ] R E DIg (8 0 4e » 100 uL 5% 5 (Acetonitrile, ACN) w i3
FHw R PR A T AR s F 2 17,310 g 4THE 15 A 4ad AT o vk
i% 50 pL * ** 8-OHdG 4 45 ~ 40 pL * ** 8-NO,Gua 5 B2 A 47 ~ 10 puL w3 i 4c
» 190 uL ddH2:0 ## 20 % 4 7 deoxyguanosine (dG) -

8-NO2Gua 3 B~

#-40 uL w4 ;% 4c » 500 pL AN HCI »* 100°C # J& 30 4 48k 2 DNA » & * &
Tk ka4 ) AR HCL 4o 100 pL 5% 3 w i3 [61-63] » * *+ 8-
NO.Gua % guanine 4 47 °

LC-MS/MS & 73 #

AR p R R 4p K 47 B B R 3 & (Liquid chromatography-tandem mass
spectrometry, LC-MS/MS) 4 47 8-OHdG % 8-NO:Gua > ;% 4p & #7 k1 * & 174 fr i
BERHF2AELRHLFLI Y 4 072 B AH F 4p (Mobile phase) /v iE # 48
(stationary phase)F » 1% 5-¢ % e 4 B # -1 & &% § p* & (Retention time) s 4 £ #-
PE S AR R AT RO DR A T O TR R & SE ST R (ion source)k g

11
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S EL A TR SR AR S LR AR ET S A
BrF BRI GRE N SO B B - =
e e R A R RACR o kAP K 7% % Syncronis C18 g 41.(150x
4.6 mm, Thermo Fisher Scientific) > 7 #4p % ¥ f% 7 0.01% " & ~ -k4p % -k 7 0.01%
BRL o ik 5 500 uL/min o X A7 & L0pl & AT RER G 10 A48 0 L £
7
#
A 5 98% ~5-7.2 45 AP b dF 98% ~7.2-75 ~ 48 AR tE 5 10% 0 %

2B E APk R PR P T H 0 O S4B 4R IR 5 10% - F 0-1 4~

AP0t b sgE 10% ~ % 1-3 A 4BPFF 4Rt G 10%H4 2 5] 50% - ¥ 35 A4

—=\

7.5-10 & 455 $4p aaF 10% o F 3 R eDPFRIR @ * 4o £ 5N T of E 542 (Heated
Electrospray lonization, HESI) » ¥ 2 :E 3# & J& & Pl(selected reaction monitoring, SRM)
BV i 7 F3% A 47 > LC-MS/MS £ 8-OHdG ~ 8-NO2Gua # &+ (Precursor ion)
<+ #+ (Production) - sifg it £ (Collision energy) ~ & /= 7 /& (Tube lens) % 54k %
ok 3~ % 4 4% 8-OHAG ~ 8-NO2Gua # & s pe @ 5 10 Bk & : 0.02 ppb, 0.03
ppb, 0.05 ppb, 0.1 ppb, 0.5 ppb, 1 ppb, 5 ppb, 10 ppb, 20 ppb, 50 ppb (¥ 1) » LC-MS/MS
B3 Bg ¢ 28 5. 8-NO,Gua ~ 8-OHdG z p &2 5. 13C,!°N-8-NO2Gua ~ °Ns-8-OHdG
S g PR~ JF F v 2 Ap e A (R 2) 0 8-NO2Gua - BC,1N-8-NO,Gua % § P &
6.78 ~ 6.77 4 4% » 8-OHdG -~ ®N5-8-OHdG 3 6.33-6.32 4 48 - F 2% Bl s 5 #
SERy T ERERgG BiEiF 2R o i+ Xcalibur 2.2 (Thermo Fisher
Scientific Inc.):& {7 # #7 - 8-OHAG Z_% & *(Limit of Quantification, LOQ)¥7 1 jp|4&
2 (Limit of Detection, LOD)4 %] % 0.1 ppb % 0.03 ppb > 8-NO,Gua %_# &' % i jp|
1%L 5 0.5 ppb 2 0.2 ppb > kA 43 LOQ £ LOD 2 & » #&i@ 12 1/2 LOQ # »
Bttt AR MY LOD » #iEp] 2 1/2L0OD &~ » o

HPLC-UV A $5 j

AT Y * B sk 4p K 47 ik (High performance liquid chromatography, HPLC) -
Hypersil BDS C18 ¢ 1(150x4.6 mm, 5 um, Thermo Fisher Scientific) » r & % ¢k &/

12
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¥ % (UVIVIS) @ ipl % (Jasco UV-975, Japan)*t & & 254 nm %~ 472 ¥ § §
(deoxyguanosine, dG){r & w4 (Quanine) » 3 #%4p = ¢ % ~ -k4p 2 50 Mm ¥ pedek
Ao e * giid S lmb/mine # A4 10pL s A7 5 20 248 0 &
0-7 » 457 4pr Gl 0% = 2 3%~ % 7-9 44575 49482 5 50%~ % 9-91 ~» 45
34D 1% % 9.1-20 A 457 $84p a4F & 1% (& 5) - #-dG 2 guanine & £ 4
petl % 8 Bk& : 10 ppb, 50 ppb, 500 ppb, 1 ppm, 2.5 ppm, 5 ppm, 10 ppm, 25 ppm
(B 3)>dG 2 guanine FF FFE A~ % 5 112 2 57 ~48(R 4) - S PR HREEF T

PR T 2 G B EAR o S0 3 E SISC Bdp ATk St 17 cdp el o
3.6 "% Ap 2 Tau 39

AT AR ¥ 3xTQ-AD | B ¥ 17 wis B s 7 2 B kA A1
* B% % 4 A 172 (Enzyme-linked immunosorbent assay, ELISA)B] & %5 ¢ ¢ A5k
Fodeo RAR T AU LA B F 4 ¢ 2 (Immunohistochemistry, IHC) & 7] % @ 47

Bk v AR A TRRARER R o
3.6.1 z A¥gkk v B2

Bl Bfpe s g d R pE R AR A2 AT AP B RS20
ol m&}%@ﬁ: AR R TIEELIPN nmgzﬁk B 8 2 ¥ & bk (homogenization buffer)
= 4 % 5M B a5 (Guanidine-HCI, SIGMA) ~ 50 mM = = #L 5 2 7 4= (Tris-base, pH
8.0)% F-v p v+ (Protease Inhibitor Cocktail Tablet, Roche) » & * 77 B 5 - ke 3

it 2 16,000 Ao 20 4450 Bl b BT R Ao B 5 20-80C ik g -

. 3¢ ¥ (Total Protein)

1ol i 4e ~ 999 #f¥ 5 % 2 3 #|(Bio-rad Protein Assay Dye Reagent
Concentrate, BIO-RAD) * 323 & & » £ B~ 150 pl #1§ 16 * ik 1 96 3“4 (96-well
plate) » ¥ v/ 2 & 5 F-¢ % 2 5. (Bovine Serum Albumin Standards, Thermo Fisher

13
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Scientific) & 7| 1% - #- 2 p @ 5 7 @ k& 0 ppb, 0.0625 ppb, 0.125 ppb, 0.25
ppb, 0.5 ppb, 1 ppb, 2 ppb » & * fx% ¢ & 4 4783 & (ELISA reader)*: ;& £ 595 nm
RIEBREE FEHRSRRTY TER -

BE R A 172 RIDZ IifE

AFHRRIDGEEE LA A T2 2 = PS5 A £ B A 772 (Sandwich ELISA) » 4 2
FUREF E AT 96344 > T U EAAodEda S R S 8L L B EFRIUR £
(antigenic epitope) & — M4k o 4e r 2 FRHR SR F G OFRIFLR TV & Fp g

VB Jets b r A dnBl 0 be RARRR IS F F 1R ik (Wash buffer) i ik & 4t
BPEFOFZP A AR AR S BRI R B - B R FRIR
Boo BAer @ BREE 2 - BBl B 4 2w 7 B % 9(Tetramethylbenzidine,
TMB) % ¢ -~ % ¢ * Amyloid beta 42 Human ELISA Kit (Thermo Fisher Scientific)
BRI BA S~ ] e~ i B st ABa kR 0 TR R R TSP R F RN
B EEE LA A TR RV E 450 nm Rl Bk B 0 2R E APn kR o B AP ik

B %> LOD » #cig 12 1/2LOD & » ¥zt A 47 o
3.6.2 MK Ty A LR BRI FH 4

PR E R LR 0 el (0=)2 b (=3 S § R

kr

FRUFRLISZH ) BEFRFREAT 27 101U %%F (heparin) 2 5 < %
(Ringer’s solution) 2 & *X j% (bouin’s Solution, Muto pure chemicals)# /i H T 2 5 > 2
TR P A fE et D 0 AR 5 B0 10%Y 1As B HhE IR R > KB T H L
L2 BERUFRAER LR FFRRA RGPS cFRR S F
Mo A TR
LT RE

Fratle s B hERIFLR > A 2 A B PR B - R 2 1Y =
Bl o s dUlgE R > @ F1 G polymer - B v fok B Skt oo w5

14
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TR MEL o TR FPRFREC DR R LA __E'_ S i- B LG P T E T FRIRA

A 17 in A2

FH7 SR o 2 7 F(Xylene) 5 4 4B = = ML 0 BRI S SRk 0 iRE
100%:FpH 3 4~ 483 = ~ 95% P 3 & 48 ~ BS%IFHF 3 4 48 ~ TSP 3 &~ &0 iR
= #29 J g A7 = (Tris buffer saline, TBS):3 /% 5 ~ 424 pH & Zie R FR
(Citrate);3 i 2+ ¥ ¢ k2 5%t -k 4% (Microwave Vacuum Histoprocessor) 130°C #r #2 10 &~
48,2~ TBS %8 10 4 480 * 5 B 73w 3 % & Z 4 (shandon coverplate, Thermo
Fisher Scientific) » ™ TBS 7% 5 ~ 4= =t > *» & jF 150 ul 1% ¥ it & (H0) » *
M REiE ¥ 1 pF(endogenous peroxidase) & (i & 2 F F B+ 4 - TBS jix 10 »
4= = > e 150 pl 0.1% Triton-Milk »+ 3 8 5 fis 1 /] % > 4 150 pl 1:100 48 2
6E10 4~ ‘& 348 (Anti-B-Amyloid, 1-16 Antibody, 6E10, BioLegend) » ¥ ** 4°C 7k fa p
F 5 18-24 | p5>TBS i i% 10 4 48 = = » ¢ 150 pl 1:100 48 2. = 448 (Biotinylated
Anti-Mouse 1gG (H+L), Vector Laboratories)s /# * & 1 -] F* » TBS /7% 10 ~ & =
=x 0 4o 150l fr e # -4 % 45 & H8(Avidin-biotin complex, Vector Laboratories) % /&
F &40 & 48 > TBS jjie 10 4 48 = =x » *7 & &2 30 B 5 v 9%(3,3-diaminobenzidine,
DAB, Sigma); it 4 ¢ 304> £ /&>t p k-kik o B4 & ¢ > 12 g 4 4 (hematoxylin)
BT E PR A 4 (counterstain) 1 4 48 » -k 5 A4l 0 BV S R R ERIEBK 0 T5%
P 1 A 4 B5%FYHE 1 A 4b ~ O50FF 1 4 485 =~ 100%FHF 1 A4z % 0 2

A S AY - T SIS NP S ) & & i
363 HERans é’.,yiéf'_,%‘: LE- & %

ORI F é?k LB A PR Tau 39 2 gRpa it Tau 39 - 4 Tau &
v @ % 1:100 1 2 Anti-t 4~ 538 (Anti-t (Tau) antibody produced in rabbit, Sigma)
re % 1:100 A3 2 - &+ (Biotinylated Anti-Rabbit IgG (H+L), Vector

15

doi:10.6342/NTU201704026



Laboratories) » @ # Bl##ps it Tau F-v Bl * ATS8 4~ & fi48 (Phospho-Tau (Ser202,
Thr205) Monoclonal Antibody, AT8, Thermo Fisher Scientific)r+ 2 1:100 #§ 2 = &
48 (Biotinylated Anti-Mouse IgG (H+L), Vector Laboratories) » # 4 3% 2 g 5 -
PR AR ERCF LI PR F LR FIRURFRF A

ME - X RFTF20 £ ENERRY pRIGE -

SR L U A B BRI D
PHEFREY o ARRLFRI AR FFRRE T o A
(hematoxylin and eosin stain, H&E stain)#-7 s *» 3 § R4 ¢ > > T RZ 1 § 2 [’%%
EFRDULLH - FAVERAF T FIREL S CRFIHEGT AL
T FLEE T

AFEE R SASO.2 MRS AR IR 5 Hicdp A AT B ARl R T R A i
P R & E ok 2 (Wilcoxon rank sum test)rt s e B ZL R gy o

¢ > f(Median) % 7 - A E K% 4 0.05 -

16
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FmE 2%

41 RHEBFHE
FRY T At ME 5 3 o WEAMFLE
42 PMaskR %2 ~ % &

3xTQ-AD | Bl 2Lk 55 f o= B R [ Bk & PMas T0F £ kR
2 76pgm®> kARG 3.8 ugm® 2 115 pg/m® (£ 6) -

2 XRF A7z iAo %0tk 7 2B 60 m(S)enIBFREER G
1101.37 ng/m3 >} PMas T 355 £k B 113.19 % ; 49 (K) 2 48(Fe)shT 2 £k A

> W] % 7337 2 40.01ng/m® > & PMas T35 £ k& 9088 2 0.18 % °

B 7 5 0B ERSFAEDEELCREERRITREAFEY - X2
T E B8 LB EFIHE R R KOS > PR R I E DL R - B
TREH s B IR S FAERNBESE S e F L R(A8) mp KT X7
FHREFHREEA U P RT 5 G IpR ~ P RT 5 9 25 R B %
BT A WP T S U@ R A ¥ £ B (P=0.0466<0.05) 0 B T 2 4 U=t gk~
AERPIEEFLR(E9) -

TEREBFHAREZB CEEFIH- A RE B 9 3

¥

Riad

o

W

3
!

AP R ARG R R RS BI10 L BRI T R A
W R R BT SR KR AdAA B BT LB (%104 1)
17
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4.4 3% 8-OHAG %2 8-NO:Gua

AF1 3 14 8-OHAG 2 8-NO2Gua #5731 = # Aok ¥t 7638 DNA ) = chdff i > &
2 8-OHdG kA& td Bt &3 - LHE A PHEUE LE T < L FRlE
Birdlies - LEAR AT RNELZ TR H A 8-OHAG ¥ Mot i pli&L >
J %2 8-NOGua Jk & tia Biw § — & /40 p#&'I2 T8 #&'L(H 11) - 8-OHIG
% 8-NOyGua feid 5 i ~ | %5~ ¥ % %% > & = 8-OHdG/dG 2 8-NO:Gua/Gua

Ly aEELR(R L2
45 %I AP 2 Tau F-—v

AL RYFPEFAEAITEAITA B P A G T AP kR > T A
FA B E EkR] ABrie B Tau v 2 BERL T Tau $-v o ¥R LA AT
AT ABag ¢ T RHRIY(R 13) 0 B e E AL R oo B 14A G A e » A B2
¥R e R R F]iE P EL APr1s 3t kg ln ke B R PIUEL 3 Tau
Fo adrdliez k@t - &R FIR Tau 39 252 (K 14B-C) > & gifk i Tau

Jov E,Jf»qﬁ ﬁt%féﬁﬂé" g R g %%*u(gll"rDF)

%%@gva&ﬁﬁﬁfﬁ%@g%%’aéaﬁ\ﬁgﬂ\+%gﬁ\+%

FEHINH S ETRE S RGN BA GRS B DRI (o 9 IR I

18
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REE
51 PMasik R % 44

FBYE PMos THFRER 5 76 pgm’ > M3 RWERBE T §F & ¥
(National Ambient Air Quality Standards, NAAQS) R = 2. 12 pg/md 2 & R e
(World Health Organization, WHO)*#= 2. 10 ng/md > RFEF L @ F A L F BT
RPER LB E 2@t 8R- {3 PMs kR -2 5 BT L2135
FAEB AN PMas ERRA TN M26% BARETHALINMZFTLER
sz PMos ik R fe g bR R M 21%4p 2[57] 0 ¥ b4 L F b PMos ik R - . E

b PMas kB 1 17% > Br Mok bk R € SEFE AP B R H 4o m "F[64] -

12 XPF AR % T PM25 A4 24 1 & % £5(S) ~ 47(K) ~ 4 (Fe) » i ¥
kP BEFLRE(GTE BB D) i R ERGE S FERE 2R
o TR R ERPESFERE A RERRE R B AT R L F(C)
FN)2Z v g5 &g > H3jiok 2z 22237 £ @& % 33 k47 & (ion
Chromatography, IC) 2 # 4p & 17 % 3% & (Gas Chromatography-Mass Spectroscopy,

GC-MS)% & B A 47 H # & o
5.2 3xTg-AD -] &

ABERIRE IR FIEEY feislihs a0 AL EEE N kPFRFS
T fi# IXTY-AD /| A R & = f Hoks F ¥ ek #imy gk {ods
F AR (TN g BT 3R B R AR 2 e tuAriE i B 04 B T X é73XTg-AD -]
K € 7 =¥ 5 It (retention deficit) ek 4 » A5 3o % € # - % 19[54] - 6 B * =
1 3xTg-AD /| B > Bl F % B 5 % frie i i 45[55,56] @ 1 & kb Mok i) & a
< » Lani % « (2007)+ $2 C57BL/6 2 3xTg-AD /| & #4269 15" &% | &
BPEE R R R LR S E A o R H e P HRT S %l s

19
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M[B5] 42 B 6 H T 2 QY 4 3xTg-AD 2 R EFENRY ~ AT 5 %
SE RS MR S SR SRR SRR L X

3

OES

OB PR RS B IA S I TR et A s B G 0% 4
ROSsc#ig 7 fris > F Fl4ng " 7 ER M Filiwie § 1 N3 iE 3 o
Bp kBl VRS GG A @ A T ey #[66, 67] - ROS 22 3 iR 4 2
Fooicia B ~ t0 & Bl G 040 B iR 1 12 4R BE[68, 69] 0 L AT T AT IR
W s BOE o7t DNA #7482 o 5 [70] > * e Bop B " @ 8-OHAG 7 £ st
Pele g [71-73] P iaBopio? RAAFDAP T acid = F (VRS W4 [74,75]> 2 5§ 1t
R A B Aes € HIR AP R A[76, 77] - @ Cardozo-Pelaez % + (1999)i¢ * 3 i * ~ 18
734 " « C57TBL/6 -] &> % B %% 12 150mg 4 77 I & # %5 % ¢ 8-OHAG
FREOORFHETY R AR I REREREEFEMR 0 FF VRS gD
DNAJF G AxBE » A H & A 18 2 < 2 34 B P * 2 fF % tg3f 4 [78]

AP EEAFEONERHER T AT R R BRE R %P~ DNA > » 5=
T F R 25mg Hole s 5 P~ DNA > v 42 Pelaez & £ (1999)# * 150 mg #s e

B35 % P~ DNA >

m

e DNA 7 #4050 516 % 25 5 8-OHAG 2 8-
NOGua » ¥ § it B4 2 sl R4 45 7 £ %> ¥ 8-NOGua L %+ 4]
PE[62] > 7 it § B FEaEARY B0 o A RIFI G F OO RS Z ARSI T ARG
BaeFPoorge B R A BB 2 N E B Rs

1395 3 < prdp &> 3XTQ-AD /] B 5 72 3-4 7 < 2474 T (neocortex) i
HR e AR 6 B PET TR S EBT m N AR M E BATA T RETN
B Foo pAB[40] 0 MEF E LR e > LY e AR RAR R s e b AR kR
FAL9] A AR L BREPEG 8B A PR R R BT R A AT T2
4B pIF e o AR S iRy BATA TR Smre b AR BT e A BT 2 Y k7
Fof Sk ey A R RFIT A G AT BHAL L) BTGRP
4 67 ABAPM L P TR B A o R AN EE D] 3XTQ-AD | B ¥ pficz
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o Fle ¥ oav H_AA F1UE g (gene drift) o gt o) BN A A4 8k 7 K T A #E T
(genotyping) » 384 L AR EFEAFIFEL R F A X REF 0BG T o g 2 A
FIE % 0 RN L A &3 (homozygous) > B F N A R Al A F o B A K FNE S
WAL o Rk EsE R 3XTQ-AD | e 7§ 5% > & $ 40T e 7 A FAlE
TR R §F ZARARAT VAR GRBFE AT AL R
Flimwe b AR § LAATAHF 45 K11z 38w CALREAH > AL AL Fuw
AR TR AR TS R AR et ABIRR A e N APras LA
%%3%%?ﬁ#§ﬂ”¥&ﬁﬁ%$gﬂo

F oA QRIS EARERNL 30 AR PR GERER"T
Mo ARFRT Mo R hede i Feemudris kg FRlp
TR »» 7 rrEEa > ez (Westernblot) i@ * b B8 v b i @/ o
FARDLE o ¥ by 7 rpl 2y AR~ BifL 1t Tau 39 4p B <H RNA £ 3R > Bl4e

BACEL MRNA[B0] > f5s* w7 Adbds 3d o Tas L8 -
5.3 pokasx iy
531 ZRBEY % @i 3

AT EEE RGEEE L FRFALRGO FHERIFEY Bk
AP REREER T A GBI B EEF LW AP LHT S F ik
FEBTATARAERAAPHARBREEY S LR o BAFT BEfodLw
SFET R EFIR O RIS SR R e

VRBIOR g B 1S 1T 5 R Bkenk %8 IoFronken & £ (2011)%# * 4 % + C57BL/6
SR EBRG AR 1T T BRF TR EY 2R SR RE R
PR P BRI H e~ 2 FHFERFRFFS DL P fheh=t ™ "E[81] > Ap gt

AT A1 17 ¥ % 3XTQ-AD = BUj 5 2HRSE f Mok PMos T30 £ kA 5 7.6
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pgm®> - X kR F24 - % 7% 5 £ K E12% @2 o Fronken £ 4 (2011)F 7
2 PMas T3 £k R 5 1685pugm®> - * k&6 - 2 52 K E 10" >
EBARAERE HIT% I SRR RFLR kB ERBRE S T
RRARP IRV RIS - R
ARy AR kg2 E T g LB VB AR e AR OB mE
NOAB R o HIRED KRR R S a IReR[B4] 0 JUF F AR R iz 2
Famre AR LR GRS AR B e B SRR ER T IR 0 2 g R R R
voSH R AF[82-84] 0 VM AR F X R EEH e > Wit e p AR D 0 T2 E
Bk v BB A SR AR R EH e PR H N L E[79] 0 BT mre p
ABRAFEERAEFA T LERTP AR EFFER G e AR R
‘b3 Ay @ 6.5 B 7 3XTg-AD -] Bl - i {7 7 Y-maze ~ #7# & 33403
(Novel object recognition task, NOR) ~ = 2 27i% ¥ (Barnes maze test) ~ i3 &' #7 4|
¥ tai7 5 (Contextual and cued fear memory test) » #£3¢ 3XTg-AD /] & ¥t 7 5 F
BROVIR R M A AE R RSk 3T AT T OHATRE 3XTQ-AD () Bl At
Rk gt AT [55] o 4% | Bl % < F Mo ~ BV s R T A1 ¥ (AR P

(iR B
5.3.2 8-OHdG % 8-NO:Gua

AP F AR S F Mokt 3% DNA A5 = endf i > 12 8-OHdG 2 8-NO2Gua
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References Species Exposure CNS effects
Chau-Ren Jung et al.,2015 Human 2001-2010 air pollution | 138% risk of increase of AD per increase of 4.34 ug/m3in
[25] (age>65 years) PMz2s.
Yun-Chun Wu et al.,2015 Human 1993-2006 air pollution | Elevated long-term PMyo level was significantly associated
[13] (age>60 years) with an increased risk of AD and VaD in the elderly.
Dhaval P. Bhatt et al.,2015 C57BL/6 mice | Concentrated ambient (1)The AP 1-40 levels were
[26] (8 weeks) PM25s by inhalation for 3 | significantly higher in 9 months exposure groups.
months and 9 months (2)no changes in tau protein or its hyper-phosphorylated form
(PHF-1)
LILIAN CALDER ON- Human air pollution Significant accumulation of A4z in both frontal cortex and

GARCIDUE"NAS et
al.,2004[27]

hippocampus.
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Precursorion  Production  Collision Energy  Tube Lens

Analyte (m/2) (m/2) V) V)
140.2 13.0 85

8-OHdG 284
168.1 30.0 85
"N;-8-OHdG 289.1 173.2 12.0 85
153.1 18.0 -55

8-NO,Gua 194.9
178.1 20.0 -55
B¢, N-8-NO,Gua 197.9 181.1 20.0 -55
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24~

¥ RFHR S

lon source
Spray voltage (V)
Vaporizer temperature (‘C)
Capillary temperature (°C)
Sheath gas pressure (psi)

Auxiliary gas pressure (arb)

HESI
3000
100
250
60

%5~

HPLC-UV # & 4p ik B ¥ &

Total time Flow rate Solvent A (%) Solvent B (%)

(min) (mL/min) 100% ACN 50 mM ammonium formate
0.0 1 0 100
7.0 1 3 97
9.0 1 50 50
9.1 1 100

20.0 1 100
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16 HEHEFTIHFEER PMs (ug/m3)

10.03 10.11 10.17 10.24 10.31 11.07 11.14 1121 11.28 12.05

(ng/m®) Sampling duration
10.11 10.17 10.24 10.31 11.07 11.14 11.21 11.28 12.05 12.12
Manual sampling oM 4.4 4 49 115 6.1 7.8 8.2 3.8 6.6 8.2
2.5
Dust monitor 189 147 207 53 24 346 372 186 26.7 36.9
_ ) 12.12 1219 1226 1.03 109 116 123 131 206 213
(ug/m®) Sampling duration Mean
1219 1226 1.03 1.09 116 123 131 206 213 22
Manual sampling oM 8.2 84 62 113 86 75 7.6 8.6 94 111 7.6
25
Dust monitor 189 147 207 53 24 346 372 186 26.7 369 329
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F7~

FHEDEFPMys B L% B

Mean Median Min Max BDL or BBK  Percentage of mean PM, 5
(ng/m°) (ng/m°) (ng/m’) (ng/m’) (%) (%)
Man”?)'l\;j:]p"ng 8349.66 8034.17 4776.35 12861.40 100.00%
XRF analysis
Mg 12.36 BDL or BBK BDL or BBK 15.10 90% 0.15%
Al 19.13 BDL or BBK BDL or BBK 53.57 60% 0.23%
Si 35.31 27.21 BDL or BBK 67.22 10% 0.42%
S 1101.37 1185.38 519.10 1971.13 0% 13.19%
K 73.37 70.09 26.11 158.04 0% 0.88%
Ca 5.63 BDL or BBK BDL or BBK 17.35 60% 0.07%
Ti 1.78 1.86 0.70 2.89 0% 0.02%
V 3.92 3.27 1.33 8.45 0% 0.05%
Cr 0.09 BDL or BBK BDL or BBK 0.90 90% 0.00%
Mn 3.68 3.63 1.54 5.94 0% 0.04%
Fe 40.01 4153 21.89 55.39 0% 0.48%
Ni 1.10 1.18 BDL or BBK 3.35 40% 0.01%
Cu BDLorBBK BDLorBBK BDLorBBK BDL or BBK 100% 0.00%
Zn 17.75 18.28 7.56 25.98 0% 0.21%
Ba 1.52 BDL or BBK BDL or BBK 15.22 90% 0.02%
Pb 5.57 4.75 BDL or BBK 24.73 40% 0.07%
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28~ B AR AP FIFR
Dayl Day2
control exposure P-value control exposure P-value
N 5 6 5 6
Escape latency(sec) 60.00 60.00 0.1751 50.46 46.82 0.9994
Distance moved(cm) 879.63 958.22 0.2211 846.23 771.23 0.9143
Cumulative distance(m) 35.19 38.33 0.2211 33.85 30.85 0.9143
Swimming velocity(cm/s) 18.30 16.90 0.7712 20.00 18.41 0.7073
Day3 Day4
control exposure P-value control exposure P-value
N 5 6 4 6
Escape latency(sec) 57.90 35.19 0.7236 39.58 24.84 0.9080
Distance moved(cm) 601.37 803.14 0.7092 479.79 618.79 0.5673
Cumulative distance(m) 24.05 32.13 0.7092 19.19 24.75 0.5673
Swimming velocity(cm/s) 17.97 22.35 0.4423 13.22 21.97 0.2042

d0i:10.6342/NTU201704026



%9~ FAORFENPEFR T &
control exposure P-value
N 5 6
Time spent in platform quadrant(%) 35.80 23.63 0.0446*
Quadrant area crossing(times) 4.50 5.88 0.9781
Swimming velocity(cm/s) 19.73 21.78 0.8947

(*p<0.05,significantly different from the control group, Wilcoxon rank sum test)
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710 ~ FNCRFESPATEREEIE
Dayl Day2
control exposure P-value control exposure P-value
N 5 6 5 6
Escape latency(sec) 51.35 39.96 0.4102 33.39 26.87 0.9273
Distance moved(cm) 603.96 665.85 0.9273 672.15 517.1 0.9273
Cumulative distance(m) 24.16 26.63 0.9273 26.89 20.68 0.9273
Swimming velocity(cm/s) 17.34 16.92 0.6481 16.29 15.75 0.9273
Day3 Day4
control exposure P-value control exposure P-value
N 5 6 5 6
Escape latency(sec) 23.29 32.72 0.7898 21.42 26.27 0.9273
Distance moved(cm) 347.96 566.67 0.7842 268.19 492.15 0.6481
Cumulative distance(m) 13.92 22.67 0.7842 10.73 19.69 0.6481
Swimming velocity(cm/s) 17.28 17.77 0.6481 16.27 17.37 0.4113
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control exposure P-value
N 5 6
Time spent in platform quadrant(%) 32.04 40.91 0.5228
Quadrant area crossing(times) 7.5 8.13 0.4070
Swimming velocity(cm/s) 16.33 18.69 0.6481
43

d0i:10.6342/NTU201704026



(A)

(B)

8-OHdG/IS_8-OHdG

8-NO,Gua/IS_8-NO,Gua)

8-OHdG

14 -
12 4 y =0.5665x%- 0.0033
R2=0.9987 .
10 -
8 -
6 -
-
4 -
.
2 -
e
0 ‘ T T T T 1
0 5 10 15 20 25
Concentration (ppb)
8-NO,Gua
7 -
y=0.3226x-0.054 @
6 - R?=0.9992 ’
5 -
4 -
3 - 0
2 .
-""
L .
0 oﬁ . . . . .
0 5 10 15 20 25
Concentration (ppb)
Bl LC-MS/MS # & % (A) 8-OHdG (B) 8-NO.Gua
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RT: 0.00-10.00 *
NL: 1.47E5

1003 TIC MS ICIS Sppb_170523175204
507
0 |
100 NL: 6.29E3
] TIC F: - ¢ ESI SRM ms2 194.900
50 8-NO,Gua [152.600-153.600, 177.600-178 600]
] MS ICIS 5ppb_170523175204
© ]
: 108- RT. 6.77 NL: 4.63E3
£ TIC F: - ¢ ESI SRM ms2 197.900
2 7 13C,15N-8-NO,Gua [180.600-181600] MS ICIS
< 50 5ppb_170523175204
R
& RT63 NL"1 47E5
] TIC F: + c ES| SRM ms2 264.000
50 8-OHdG [139.700-140.700, 167.600-168 600]
] MS ICIS 5ppb_170523175204
] RT-5:88 || RT 6.89 RT:740
0 oms e -
00 RT.6.32 NL: 6.12E4
] s TIC F: + c ESI SRM ms2 289.100
] Ns-8-OH [172.700-173.700] MS ICIS
50 5-8-OHdG RT: 6.67 5ppb_170523175204

] RT-566 F RT: 590

Time (min)

Bl2 ~ 8-NO2Gua ~ 3C2'°N-8-NO,Gua ~ 8-OHdG - **N5-8-OHdG k& +7 ]
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(A)
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AUC
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y=21.887x-236.22 .®
1 R2=0.9995 .
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Concentrtion (ppb)

B3~ HPLC-UV # & #(A) dG (B) Guanine
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mV

4 2500-3.CHR

dG
RT:11.2min

Guanine
RT:5.7 min

5 10 15 20
minute

B4 ~ dG ~ Guanine & 17§l
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(A)

38

36

Weight (g)
w
I

w
N

30

28

(B)

38

36

34

32

Median weight (g)

30

28

Mice body weight

=== Control
=== Exposure
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Age (week)
Mice body weight
==@==Control
=== Exposure

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Age (week)

B5- RROF | KL

(AR E 12 # = fic(Median)% 7 (B)# & 1 T 3578 (Mean) % 7+
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XRF analysis

&6 -

FHEDE PMys VB A% 2

49

W Si
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HCr

W Ba

other

Al
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mCa
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B Mn

H/n
W Pb
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(A)

(B)

Median escape latency(s)
) w = 9y [=1]
o o o o o
1 1 1 1 1

[y
o
1

o

Escape latency

=8=control

el XpoOSsSUre

1200
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3

3

Median distance moved (cm)
N =2}
8 8

Dayl Day2 Day3 Day4

Distance moved

4 =g=control

==—cXposure

Dayl Day2 Day3 Day4
B7~ 3SR AwplAaraii R E LR 2 B R ey

(A) & B R (B)# & FE4E
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(A)

Time spent in platform quadrant
40.00 -

*

30.00

20.00
control

10.00

B exposure

0.00 -

Median time spent (%)

In platform quadrant

(B)

Quadrant area crossing

control

B exposure

0.00 -

Median area crossing
times)
H
o
o
1

Quadrant area

(©)

Swimming velocity

25.00 1
20.00 -
15.00 -
£ 10.00
5.00
0.00 .

control

M exposure

Median swimming
velocity (cm/s)

B8~ I X kuykZwplzFFE 29 %
(AP T ¢ 2@ RE (B)P &L & U=k (C)FAd &
(*p<0.05,significantly different from the control group, Wilcoxon rank sum test)
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(A)
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(B)

100%
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B11 ~

control exposure control exposure control exposure
Hippocampus Cerebellum Cortex

M below LOD between LOD and LOQ higher than LOQ

8-NO,Gua
control exposure control exposure control exposure
Hippocampus Cerebellum Cortex

M below LOD between LOD and LOQ, higher than LOQ,

BB o] rgE i A B (A) 8-OHAG 2 (B) 8-NO2Gua jk & » # i3
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BL4~ % § Bk f BEA3 ¥ AR RSB 25 55 (A) A e » b B Pl S H 4B 2 (B)frH] 4 Tau 3o

C)fz#lei Tau 3-v  (D)i-d)eshpe it Tau 36 (E&F) % & 2@t * Tau 3v (A-E:100X and F:200X)
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