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Abstract ; Inhalable fine aerosol particles, namely atmospheric particulate matter with a diameter of 2.5 wm or less
(PM,;), are well recognized as one of the major air pollutants that are harmful to human health. Previous studies
have demonstrated that increased concentration of PM,; is closely related to the incidence of allergic diseases in
children. However, the mechanisms by which PM, ; exposure is associated to allergic diseases remain elusive. To
study the role of oxidative stress and macrophages in PM, ;-induced damage in children living with allergy, we first

sampled PM, ; from five apartments, each housing one child or more who is manifested with at least one allergic
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symptom like allergic rhinitis or asthma. Mouse peritoneal macrophages were exposed to the collected PM, (200
wg-mL™) for 24 h, with or without the addition of Vitamin E in the medium. Treated macrophages were subjected
to detection of the levels of reactive oxygen species (ROS), glutathione (GSH), malondialdehyde (MDA) and 8-hy-
droxy-2' -deoxyguanosine (8-OH-dG) as oxidative markers, and tumor necrosis factor-a (TNF-a) and interleukin-
8B (IL-8B) as inflammatory mediators. The results showed significant increase in intracellular ROS accumulation,
lipid peroxidation, DNA damage and inflammatory response in macrophages exposed to 200 pg-mL™ PM,; as
compared to control air exposure (P< 0.05 or P< 0.01). Interestingly, the levels of ROS, MDA, 8-OH-dG, TNF-a
and IL-8 in PM, ;-exposed macrophages were significantly lower, whereas that of GSH higher, in the presence than
the absence of 50 mg-mL" Vitamin E. These results indicate that a higher dose (200 wg-mL™) of PM,; leads to

oxidative damage in mouse macrophages, and Vitamin E could mitigate the PM, ;-induced cellular oxidative stress,

exhibiting implication in therapeutic treatment of allergy in children.

Keywords : indoor PM, ;; macrophages; oxidative damage; inflaimmatory factors; Vitamin E
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RIRFAEHEEVINLRY ) Zhang FFYXFRE 4 4
AT M BRI 22 FER)8 000 Ax 4 /A T
BRI, PM, R AR TR 39 wg-m”, JLERENG Y &
R R £ A 1.22% ; Chen 5P i Jil £ H Logistic
AL T B E 6 AT (L o R K
b e KIE)30 759 4 i L 0 o
ARAMEAKE 255 % B, PM, 48 - 0k B 49 T 5
10 pg-m™, 3 fME B4 (OR =1.2,95% 1] {5 X [i]
1.11~1.29) BERi#E(OR=1.1,95% AJ {Z X [i] 1.03~1.18)
R R IE A G, KIS R I, PM, SR 58 X L
FL e B W SR PM, s 5 fL
PRI 110 DI v A 56 4 [

T 5T R B, PM,  RE(1 5 W 40 it ) g 2k
IR 75 2 W s A Al SR ™ PML, 3 L
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PM,  FOREPEML i 4 2200 3 B AL 35 S Ak Ry 38, RAE
N A 56 KA R A gss SN, H rp 48U Ak 0 38 nT B
SEANBIBLZ — A HLE 25 SR SR e
PM, s AL LA e 245, B e i ARG, &
Xof IR T R A At A e L PN A A A L
T HUAER 45, 7 i B, PM, s 5 A0 AE &

PP PR B PE 4 (ROS), i ROS M &4 5
WP GRS a5 DI AH 51

BT 2R AT SR PM e JEE AR R 5 F PR A
T NT R A F ke HE PM, 10 H Y 2 88 8k
WA BM R R KT E S, REUEANE il PM, ;1)
HEWEFEN BAENE, —SfF s dss 1 R AE
A ZE P T AL R s T g 2= A i HL 22 9 PM, A
WA TRE R T E AN, W, 2= PM, X R AR
N JEH IR A 2o O R L3 1) s e (B AR G T
AATE N ICTATEE L XY 5 7 g i SR L Y
R PM, il KA [R) 57 i PM, 2258 T /)N
SR i Ik 44 7 46 7 930K ~F-(ROS . GSH , 8-OH-
dG), ZAEH T 7K ¥ (TNF-a , IL-8B), Jf-[A] I Ik 5 VE
AT RELT , DAY /)N BB s 240 i ) S A B 3
MUK VE TE sl B b g AL R E R

1 ## 57 i% (Materials and methods)
1.1 SERM R
111 F2UER 5

1% %% : AirChek XR5000 PM, , FRES R A 2% (3 [F
SKC),QMA £ % f5(3% [£] Whatman), Centrivap® B %5
B4 (€ [E Labconco), Power wave XS FfFFRIY
(3% Bio-Tek), FLX800 % M7 (32 [H Bio-Tek),
SW-CJ-2D ## T AE & (F [# J5 M 4k, TE2000-S
{38 @ fBE( H A Nikon),,

A . RPMI 1640 15373, Jifi 4 IfiL 7 (Gibeo), —
AZE RN ER-LBE R (DCFH-DA |, >99.9% ,
Sigma), fi At B L 2R (TBA , 43 A1 4l0) , if JF R 45
P R IR) & (R o R E ) TR SR T, /N R 8-
OH-dG ,TNF-« Fl TL-8f M Bt 4t 328 ik 57 & (€
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TE T4 P T 4 1l vh o SE g sh Y o 4
HEfY SPF 2% M Pk B B/ R (6 A iy, & 48 IE 5.
42000600003915), bRifEFRIE (12 h:12 h St B - PR B E
,50% ~70% WEREE IR R 20~25 CHfFE 1 JHG
b 2
1.2 SRk
1.2.1 PM, fR4E

AWFFESERT 100 42 P oK BE T 10~12 2y L
HEATIR) A 8 A W 2 DLR A5 L S A B ) > 3
AL HLERAA 1R 1 AR RLE 0 e e R (an it
WO B R N, T EE S P REEAE N PM, R AR
1, H AirChek XR5000 PM,  KAESS KA, Tk &
B S iR 1.5 L-min™ 2016 4F 10 H & 12 A
)5k H R JCIR] WK RE 8 h, SR kR 21 isf 1 0 14 28 PN
PM, % B 2h 200 ~ 500 pg - m™, A X 95 B 9 B
55% ~70% , % NI EE AR AL 17~22 C, RAE
FESLTE QMA A JEfF(E AR 46.2 mm) I,

1.2.2 PM, Bl &

QMA (YRR 2 T A PRIS K DR BY 1 1~ 2
em’ (/B FH = 25K 4R 5 20 min, K BRUEME,
TSRS, B A B A B O WA b B FRE 5, H
PBS ML W BE VRS I KA 4 CORFF, SEH )
Y 15 min BRI,

1.2.3  ELMEAH M) 43 B FE R

WEPE SPF 2 KM /)N FRSESGHT 3 d, I8 5 1
mL 6% AV PETE R (AT 0N R s = AR TR Z B
W) J | 422 2 i v 2507 I B 1 20 IR AR A4S I 40
Jil, 28 HE 4o 5858 S EL W40 i, [ BT 0.4% 5 Wy
4 (Trypan blue , SE560 2 H F G (AR 4 €0 57)) e (2 5 g 41
ML 5 min, 7350 3 RITECILET A 100 A4 b 3
NI Y E B, BT 241, B 40 B 00 77 15 R = 1-(4
+5+5)/(100%3)=95.3 % , Z% 5 J5 5755 i 4 ik o
AR T 6 FLAR 2 h J5 , P R NG BE A A, 1r 40 A T4k
J VRS A R 1x10° A - L BB A 96 FLik T,
fL 180 LIRSS & TR D R
1.2.4  PM, R ERRIE M BERE S 04l

PM,, 5 E WAL 5 3% 24 h, PM, WK ES %
JeAT AR A O R), 10 we - mL ' (fIKF] ),
200 wg-mL"'(EF&);50 mg-mL" A VE 7 AL
YU, SCE A an R . (A) X B4 (control, sa-
line), (B) A& i< 8800 R JL 2 A ‘% N (indoor allergic) 10

pg-mL" PM,,, (C) i &k L 19 % M (indoor
allergic)200 wg-mL"'PM,,;(D) VE(50 mg-mL™");(E)
VE(50 mg-mL™")+# i 8eiEik JL 2 /) % P (indoor al-
lergic)200 wg-mL" PM,

1.2.5 f5bnile

(HROS MI=E .2°,7" -~ %62 — 1 (DCF)
Bz AR M A A B, FH DATPAL AN 4 Ak
B AEREPE™ . DCFH-DA fE %5 75 40 it I 5F b
SN Y 7K i R 0 i 7 AR AR 28 OGRS DCFH, ROS
o 3 A W R AR A ok Al i BAR DT A S
SCHR20], AR RIIBRGY &S TRERET 5
min , 9K J5 Ve % B & K 485 nm A& B IR K 520
nm, ] FLx800 2 YGEs bSOz

(2)GSH 7€ - 25 e H pkn] AAE R I b 5 At
TAH AR R (DTNB) [ 2 1 446 5 %), GSH
& AT R A X R B 2 A8 Ak, SRS TSR
W) 412 nm P T ROGIE , AR 2, 1155 GSH
& (wmol-mL™")= 0OD,,,/0.0023, R*=0.997,

(3)MDA I % ; MDA 1 5 TBA & I JE Wi e &
MK SER AT S 2,2 mL 0.6% TBA ¥ i
H(10% TCA Bh%)5 0.5 mL SRR A, ks
15 min, A B LIRS W ULTE A B, Bl 5 PO v
1,10 000 g Z5.0> 5 min, YHE Y LI, FHBEAR U
M 450,532,600 nm % K T W OE{E, MDA & &
(wmol-mL™")=6.45%(0D.,,-0OD,,,)-0.56x0D,, .

(4)DNA $5i 173 73 H7 « 2 5% 5 00 48 B b3 i v e
£ 1Y 8-OH-dG & H-fi ] ELISA 57 &l iE ik &
TURPE R 0.5 ng-mL"',

(5)TNF-o Fl1 TL-8B A4 Az il . A< S 56 v 5 W5 24
it 35 W R TNF-o AT IL-8B (75 Hiffi i ELISA iR
F G, TNF-a  IL-8B 37 &5 R AKE #E M 8.0 pg
-mL™",

1.2.6  GEil2e00r

R R - 2 (5 (mean) + 5 1 22 (SEM),, 4 [A]
(022 5 3 A d 5 B ) 7 22 70 AT (ANOVA) S & ¢ A
(Tukey test)#fiE,P<0.05 P<00l NERBF. 4
1K Z 8 ] GraphPad Prism 5.0 #4214

2 #53 (Results)
2.1 PM, 5 /N BRI s s 4 A T 25

1 7R PM, 7% 5% 24 h J5 /) BB i 5 w4 i
(IR 2SR Ak, o BECZE (4 15 1 40 o 2 T30 80 s A 1) (11
1A), A D AR ZGE , 111 PM, 2 55 41 A 1 W 40 i O )2
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A) Control o v S vty
B) Allergic 10 pg * mL™' PM, g R : o3
" (C) Allergic 200 g * mL-" PM o LT o, ® -”
D) VE (50 mg * mL") Lo s s B R
LA ) ie -
g E) VE (50 mg - ml)+ e S T
3 @ s - > T allergic 200 p g * mL™"' PM, i ; P ot i e a. o
1 PM,,R5E 24 h RERMMHFEE ( Giemsa 3, x20)

1 (A)XF BB 4H (control, saline), (B)AR i S0 Ik JL2E (1) 2 P4 (indoor allergic)10 pg-mL™" PM, s , (C) i SR L 1)
Z M (indoor allergic)200 wg+-mL"' PM, 5 ;(D)VE(50 mg-mL™");(E)VE(50 mg-mL )+ i ik JL# i % M (indoor allergic)200 wg-mL™' PM, 5,
Fig. 1 Morphology of macrophages after exposure to PM, ; for 24 h (stained with Giemsa, X20 magnification)
Note: (A) Control (saline); (B) allergic 10 pg-mL™" PM,; (C) allergic 200 pg-mL" PM,; (D) VE (50 mg-mL™);
(E) VE (50 mg-mL") + allergic 200 pg-mL" PM,.

(A) Control
15009 (B) Allergic 10 g+ mL™' PM,
(C) Allergic 200 g * mL™' PM, (A) Control
14004 (D) VE (50 mg + mL™") (B) Allergic 10 pg - mL™" PM,
(E) VE (50 mg + mL™")+allergic 200 w g + mL™' PM, (C) Allergic 200 g * mL™! PM
1300 #it 16 = (D) VE (50 mg + mL™)
(E) VE (50 mg + mL™")+allergic 200 g * mL™" PM,
E 12004 u
B *k
= 1100+
2% i ~7 124 oa
= E 1000- A& . = ®
= g ° © = —— oo
Zs 0o — Vo¥ T E 10— _
S 2 ® 22 % ®
&2 o & = E oo —v— @
g 8004 ——— <Tﬂ = 8 -
= © T S ] ®
700] o, 27 o i ® * _oo
° ] @
600 & ®
T T T T T T 4= °
A B C D E F
REFRZH ’
Groups I 1 I I I I
A B C D E F
B2 PM, 3/MREREZAE ROS FIEME (n = 5) -
X RLIHE," " P<0.01; 5IRAU(PM, s+ VE)HEL,*#P< 001, Group
Fig. 2 ROS level of macrophages induced by different B3 PM, X/NRERZHAM GSH BIZNE(n = 5)
concentrations of PM, ; after 24 h (n=5) Ve A BRALA L P< 001,
Note: " * P< 0.01, compared with control; ** P< 0.01, Fig. 3 GSH level of macrophages induced by different
VE (50 mg-mL™") + 200 pg-mL" PM,; concentrations of PM, ; after 24 h (1=5)

*

group compared with 200 pg-mL" PM, 5 group. Note: ** P< 0.01, compared with control.
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ARFERIH KRBT (K 1B 1C); HFf#E PM,
FERIE R %5t I 35 R (181 1B 1C), AT 1E A
PIFE 1, 5 200 wg-mL" PM, 41 L4, VE (50 mg-
mL™") + 200 wg-mL" PM, (4 S A — & FLE 1 4 46,
HE A0 B W R %
2.2 PM,,i% S ROS 4 1l GSH HEi;

ROS J& 48 A i 1 A bR 259, T GSH
SR A R P T BRR, T LATEBR TG PR
(n-OH %), B 1k &AL, (A A Bt SR BHAE, 4l
HIP PM, 51555 ROS Az i i) 45 S an il 2 fir s, ROS
IKFFE PM, 25 5% 24 h Je 3 mdE % 23 (P< 0.01),
5200 pg-mL"' PM, 41 H4E, VE (50 mg-mL™") + al-
lergic 200 pg-mL"'PM, 41 ROS & T, ZRH S
THEE X (P< 0.01), WK 3 A LLE 1, SXT R4 L
3,200 pg-mL" PM, 41 GSH % & B B [# %, 2 5%
A2 L (P< 0.01); 5 200 pg-mL" PM, 4 Lt
¢, VE (50 mg-mL") + 200 pg-mL" PM, 41 GSH
TR,
2.3 PM, iR A L

ROS i #IFE RN 5 — N FREERESFHIR
Jo it AR S TR o A A 2 g — D R A A
MDA JZ g it E AL 4, R T MDA ¥ B2 Y 728
AT AR /R B B A i AR B . NIET 4 AT LR
1,10 wg-mL" F1 200 pg-mL" PM,, 21 MDA /K
RGN 2 (P< 0.01), 5 200 pg-mL" PM, 411k
% ,VE (50 mg-mL") + 200 pg-mL"'PM,, 4] MDA
T PR, ZR A GRS (P< 0.01),
2.4 PM,;i/55 DNA $iif)

8-OH-dG fE >l DNA S AL$t 4 i UG A, 7T
FHok 2 e PM,, 35 5 DNA G IFEEE, dnid 5 fr
7N, 5 IEZH B, 200 wg-mL”! PM, 4 8-OH-dG
AKEREN, 22 546 G273 L (P< 0.05),
2.5 PM, iS5 RAE H TR

TNF-a Fll IL-88 , & 2 il 52 1 5 0E I+,
R E AT A i 02 ET DL R TEAL PM, X E
MG 44 L 48 SR S5 1 (4 52 ), TNF-oc B 285 SR G 18] 6 Jir
7N, SR IEZH B, 200 wg-mL! PM, AH A B ¥ 2E
5(P< 0.01), 5 200 pg-mL" PM, 4 %8, VE (50
mg-mL") + 200 pg-mL" PM, 4l TNF-a /K5 f#
IR REH, IL-8B MIZEFRANE 7 Fin %45 R BR )
S TNF-o BAHIR], RIS %R EE,200 g -mL™!
PM, ZH I K T 8 A5 fk(P< 0.05),

A) Control

B) Allergic 10 wg * mL™' PM,

C) Allergic 200 p.g * mL™" PM,

D) VE (50 mg * mL™")

E) VE (50 mg * mL™)+allergic 200 w g * mL™' PM,

(

(
0.6 = E
(

0.5 1

0.4 -

0.3

MDA 7% /(umol + L)
MDA content/(pumol -+ L)

0.2

0.1

0.0

A B C D E F
AbFRE
Group
4 PM, M ERHMI MDA B0 (0 = 5)
S IR A" " P< 0.01; 5IREH(PM,+ VE)
H, 7P P< 0.01,
Fig. 4 MDA level of macrophages induced by different
concentrations of PM, ; after 24 h (n=5)

Note: “" P< 0.01, compared with control; *#P< 0.01, VE (50 mg-mL"") +

200 pg-mL™ PM, 5 group compared with 200 pg-mL™ PM, 5 group.

(A) Control
(B) Allergic 10 pg * mL™"' PM,
(C) Allergic 200 g * mL™' PM,
1000= (D) VE (50 mg + mL™)
(E) VE (50 mg + mL")+allergic 2001 g - mL~ PM, ,
—~ 800 =
e *
JE £
* e ®
0 Z 600 . - )
=g i
4 € —_—
23 ° o0 ‘ ®
T2 400
13 ° wv i
2 | S e
oo | o &)
[><]
2004 ©
[ J
0 ] | I I | I
A B C D E F
A FRZH

Group

5 PM, X EREZHAE 8-OH-dG FIEME ( n=5)
T S HREARLE, " P< 005,
Fig. 5 8-OH-dG level of macrophages induced by different
concentrations of PM,; after 24 h (n = 5)

Note: * P< 0.05, compared with control.
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(A) Control
(B) Allergic 10 pg - mL™" PM,
(C) Allergic 200 g * mL™' PM, |
50= (D) VE (50 mg * mL")
(E) VE (50 mg * mL™")+allergic 200 p g * mL™' PM,
40 =
= **
23
& [ ]
w 230 .
Z % ® a®_ ®®
I £ - —
4 [¢)
3 ; 0 ®
| -
Ze Yo oo
= o ° ® o
10 =
0 T T T T T T
A B C D E F
AbFZH
Group

Fig

IL-8 B & &/(pg + mL™)
1L-8 B content/(pg * mL™)

Bl 6 PM,. 5 EMEMAL TNF-o B98I0 = 5)

FSXRAME, T P<001,

.6 TNF-«a level of macrophages induced by different

concentrations of PM, ; after 24 h (n = 5)

Note: © " P< 0.01, compared with control.

(A) Control
120 = (B) Allergic 10 pg * mL™' PM,
(C) Allergic 200 p g * mL™" PM,
(D) VE (50 mg + mL™")
(E) VE (50 mg * mL™")+allergic 200 w g+ mL™' PM,_
100 - -
*
@
80 =
[
L ]
60 - —— _
2t S
®
404" o o
-
20 "
I 1 1 I ) 1
A C D F
phsLiEeEl
Group

B7 PM, Xt EEMAE IL-88 BIFNE (n = 5)
T S XTIRAALL, " P<0.05,
Fig. 7 1L-8( level of macrophages induced by
different concentrations of PM, ; after 24 h (n = 5)

Note:" P< 0.05, compared with control.

3 i}i8( Discussion)

I SEAT [ AN AU 5 R A R B AR
HY G PM, 5 L i SO B 2 R A7 e 5 —
FERI AR SRR R 5 PM, IR BRI A P,
Rojasbracho %™ iy fF 55 R B, = N PM, ¥R JE 54
AT R b AR O, T A4 95 4 DR 7T i o 1A ft B
PR E R, IRAEAS SIS R T
K PN PM, A7 1T BB 2 180 20 453 475 14 JXUBS:
RIS EE R R /)N BRI I 1 s 200 e ) ot 25
Bl PM, (B BV B (3G NI PR A, 22 Oh R 28
MTEAS R E B W H 5 . PM, s Z& 88 i 1 10 pg -
mL " B ANE] 200 pg-mL", Sz BRAE AL R 98 RE 2
(R R R — 5 W AR R B ROS
SR B R GSH 4 B AH N MR | g
AL =¥ MDA F &1 Jin, 8-OH-dG 7K F- 3 Jin,
IL-8  TNF-a fZRIXEIGN,

WS FRW]  38 2o S A L N 5 19 9 S5 1 AT
& PM, i £ B B0 ALH 2 —" . A AR
HLPM, A B A RER PRI A AL, Xy
F 23 1 S ROS REEXT DNA i st {4, ROS
AT LA A0 BBz fk PM, ( J5 BB A SR A SR A B, A
AL D)6 1 40 M 5 PML, A2 BAE A M 4 i
ZESMR Y PM, S , fEBE ROS MR 2R, 41
S BN R B (R 483 407, MLAA Bt =2 2 1 Hh BIVRSF 19 Ji
N7 ST SR 2 IR (O I A ) R R A A R
AU P, B TL-8  TNF-o 33 26 441 it P 7 1) %
Bt WX LR S 372 PML, 105 3 2 ALY, SR, 1 30
R S A B L DU AR 2SR, IR TNF-o X BILAA
AP IR LB S R s T R EH B,
77 LB AR K S il 4 A0 1) 394 58 1777 34 5, TNF -0 1) 2 780
AT RE S SO H AL VLTI E P
(WM D L 2 i ) Wl LA 3 0 9] 8 0 4 O 40 g
PR KO (6 AR SR I e R ok v ) 7
BEA G AR RAE IR F (0 TL-8 \ TNF-a Z5) Ay F ik,
W S 3 % 3 B O R R B 1 2R
F4 T (MAPK ) i 428 A 5% 5% I T (nuclear factor-
kB, NF-kB)IEE™ W 7EPF W 28 48 950 (AN 18 P 0
W R R R, PM,, § R 2o A2 2 5 PR - M f (N F -
kB-dependent)i& 12 | #% 5% 5% X 1l il (IkB-independ-
ent)iR 2L HE TL-8 BRI,

H R AR 5T 2R W, S840 N 8 T8 U T 20 41
SRR PN ROS 9 & 7= BT T R A &L 58
JEOS-ff AR KR b i ROS 7K A 34 i At GSH
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