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Vi AgE K P (4 2t R AR (E IR G V5 e i BAARSSONE , LA B A3 FAILHI H A i AN . W ERSE PM, i/l Y 5 58 X /IS BRI
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Abstract; Currently, the combined pollution of PM,; and indoor formaldehyde (FA) has become a common issue
in main cities of China. The two pollutants have both been reported to induce the lung damage and worsen allergic
asthma, while there is no knowledge that whether their combined exposure has synergistically toxicological effects
and its molecular mechanisms remain unknown. In order to explore the influence and the underlying mechanisms
of FA and PM,; on lung damage, male Balb/c mice were randomly divided into six groups: Control group,
AZDS8055 group, PM, s group, FA group, PM, ;+FA group, PM, ,+FA+AZD8055 group. After the end of treatment,
histopathological changes of lung tissue were observed, furtherly the oxidative damage (ROS, GSH, MDA), DNA
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damage (DPC, 8-OH-dG) and apoptosis (Caspase-3) in lung tissue were detected. The results showed that com-

pared with control group, different degrees of pathological changes in the lung tissue when exposed to 3 mg-m™

formaldehyde and 2.5 mg-mL" PM,,. The level of ROS were significantly increased, GSH content were signifi-

cantly decreased, and the levels of DPC, 8-OH-dG and caspase-3 were also significantly increased. These adverse

effects were more potent with the concurrent administration of AZD8055. In short, co-exposure to FA and PM,

has synergistic effects on lung damage and oxidative stress along with its downstream DNA damage may be one of

important mechanisms accounting for the lung injury in mice caused by combined exposure.

Keywords: PM,; formaldehyde; combined exposure; lung damage; molecular mechanism
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BRAA M XM AR 3 B, 2 /8 o 06 A 3 T == 4b
3 N2 S5 Y 4 i PML R R

KA PM,;, TRE SN I FREHAE <2.5 pm
Y2 ) |, 2 TR ] 3 A SR X A ARt 52 i) e K 1)
RGN, W T OREG YY) PM, B A
LA, AT 3E 2ok A it A R i v 5 1 AR A
I TE S0 O LA R, DA R 9% 22 45 F s I
RGP S R ) 7 T A B, PM,
BEIN 10 wg - m, At £l B R B B 2 s
2.10% . 7341 ,2016 4F( P15 T34 8 22 ) (Environmen-
tal Health Perspectives, EHP) 7% i I ) — CH#5 1,
PM, ik BE 38 it R AIR 22 4.00~7.06 pg-m?, #5
e N AF 22 Wiy 119 S8 6 L T G, RaR RS R
W, 3 4 KA PM, 5 5 W7 i A0 8 AH OC , 2 88 AT 5
E Al LU0

A Sy — b EE B 4k T D0k}, vz o T
FLARMINT. FKH GG, EXF AR
YA 5 Je 2 A A SUER 2R B IR AR
W2 T (%) BV P WP 2 T 25 L 2 Wi S IS DA Wi )
JE , B T o FFY T 0 ] S BB i S A9 k3 A
FE IR A5, LA B 1 i 9 45 i I 3R 20 0 e b gt
T S RS 2 R A SN 2 Wity X 2R P33 191 X R
FERRTE L, B B T 0.12 mg-m” 5, = N H S
BETFE 10 wg - m™, {8 N B W e B M 4R = 0.2
¥, WA Rumchev 48R & B0, H i 2 2 7K
ik B m o 0.60 mg-m B {8 JLEE A& A I g 1)
GRS Rt as e hn, 3R 2 WHFFE R, W B R aE
DA it NN L 28 A 2 i, L 1) %oF R
YRR E T

H AT, TTIe A7 27 B SEIR AT, #8325 5C 1
ZHPRA PM, o A1 B B BR B 000, 5 B G 2%
R AN TE I 2 AL BT 4 A HGE . 2016

AP E AR O S OB R, 2016 4F 80% I T
PM, ¢ i 3 & I PR AR AR 1) & b 35 pg-m P
BEAh, B Al PR EE 3 T P AR L A
70% 1, FTF PM, R SR AR TS YL 1 B LI L, —
A TR WA T R R T R A S AR TR A
B, B, WFR R A AR R B AN AR H AR
AT 5 o, 38 I i 20 2 B SR SRR R B
DNA 5455 S A T~ 55 A 2 R b A R, DA
T PM, I B B — R B2 5 R R 75 5 7 A /D BB 43
Yt mT ML

1 ##l5 7% (Materials and methods)
1.1 SE5shY)

SPF %% 6 JA i 1M Balb/c /NERL(Z 22 @) H W
b B pIm I oG o WK IR S 7ESh Py iRl 57 2
ARSI SR 1A, fop HOE B R B JS R TSR R, B
YA FR = IR EL S5 IR 20~25 °C, AR 2
50% ~70% ,JGIEIER B 12 hi12 h,

1.2 EEEGH SR

Fa/R BAR(10% , Sigma 23 H]), PM, Y4 5 CR 4
FAEH I JE K 2%), AZD8055 (Abmole Bioscience 2
), GSH 12U & (F mU L U E W) TREWFSE ), /N B
8-OH-dG ELISA i5f] & (Blue Gene), /)N i, Caspase-3
ELISA i 7| & (Blue Gene), & [ fitf K (Merck), Ho-
echst 33258 2Lk (Sigma /A ), /NI BEIREE S,
5B (WH-2) , A H R e 0 5 X (4160-2), 4= i K/
BCHFRL (Bio-tek) , 2= K AR (DNM-9602) .
1.3 SRk
1.3.1  PM, Bl &

2015 4F 10 H—2016 4 1 H , ZE4E h i K2
HFPIRETI(R 10 m 2247, J8 BRI A W Sk ) 7 i)
JCE Thermo Anderson G-2.5 K i R AL #% (35 [H #4
ML wl) SR A e 2 4 I (9% ) Whatman 2\ w])
RERAPM, . RAEJFHRA PM, 1Y 15 IR 5
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FRIFEEI R 1 em, BAKE TR, AR 15
min, FE 3 K, Ve PM,, , IR G 6 )22 1 i
UE VB YA R H. 45 T 1§ (Labeonco,, USA) , K i VK 4A
TRAEE . 2 EEE, FHJC TR AE 28 48 7K e il )i AH Rz
R

1.3.2 S nd S RE TR

SIR FH 48 HOSPF 2 M Balb/c /)N B, BEHL
g1 6 4, B4 8 H/NR ., FA SR ST
#(3 mg-m?,8 h-d',5 d-w',2 w),PM, R
R REEE (2.5 mg-mL",40 pL-K",3 K-
w',2 w), /5 DNA it EFlah R imneE =
47K F1 (mammalian target of rapamycin, mTOR)%F 5
PERIBE BT AZD805S5 R FHVE B 1 7 Nk A7 2 8 , 2
AU A 20 mg-kg' -d" . LY A R ER
JrEmE 1 iR,

1.3.3 LS HOMH A%

5512 RYSTEES IR Z 5, K /N BRUEUME I F Ak 3T
BUN G ZY FRE, Jin A — 2 5 04 B B IR +h 2% v
T (PBS), HBEEE S 3K 48 7E 0~4 °C A% 10% B4
LU 53 WL 10 000 r-min™ 8520 15 min,
BEERH.

1.3.4  AfbFsbrile

JIN BRI A, P45 I S <+ Folin- Bkl 5 /1N Ui 28
USRI o i BRI I0 20 B B & i )
PARMERRAE LI AT, ROS & 8 5E . K 2/,7'-

TR LFRER (27,7 -Dichlorodihydrofluoresce-
in diacetate, DCFH-DA) &, Bt/ Ui 20 214 3% 3+
PBS # B¢ 100 £, 4fL 100 pL i ABEFRAR .
A 10 mmol-L"#J DCFH-DA 100 pL,7E 37 °C |k
JEARAF 10 min J&5 , 7F 480 nm $L& 6 520 nm & FHE
TN GSH & . ARS8 I
Fae BT A R 3K R0 8 U B AS A o R R RV R AT
MDA & 1 M & « & B A I b Z B2 (thiobarbituric
acid, TBA)%, B 10 mL X%, B MA 0.5 mL fF
INEE SR, RGBT 2 mL 6% TBA ¥, 1R 2]
JE 7K 15 min, BUH KR HT, 10 000 r-min”
20 10 min, B35 W 43 0 7E 450 nm 532 nm Fl
600 nm T IMEWSEIE, ¥ C (uwmol-L™) = [6.45
(Aspy- Agy) -0.56 A, VR FIVREE  THE AR FE &
MDA HJ¥ & . DPC Z 0 5 . R KC1-SDS VL
B FRESH A 100 mmol - L™ KCI Al i+ 4t
R - A B UIE R AW, MiiE 25 1Y DNA B 7E
W K LIRS 1 DOE A R KT
b5 DNA ZZHk i 85 H T, i 52 3K 19 DNA R
¥ FEINATE YK Hoechst 33258 % DNA 4L {4,
W2 8 A BD AT 45 14 DNA BYAEX &, et
ANAEHE DPC 2%, DPC =521 DNA & 8/ B
DNA 5 #t+jif 2 DNA % 4it), 8-OH-dG HI Caspase-3
BRI AE g FH AU 0 ELISA 530 5, LA S2 16
AT R P ) S U P AR R E A T

1 Control 12 13
AZD8055 ot
I 20 mg-kg'-d’! I l
2 AZD8055 1 12 tl3t
es
PMZ.S
| 2.5mg-mL" 40 pL | l
3 PM 1 12 13
23 test
FA FA
h_ 3 mg'm? | r 3 mg-mﬁﬁ
4FA 1 5 8 12 13
test
Y o FA+PM, |
SPM,fFA s 8 12 13
test
FA+PM, +AZD8055 FA+PM, +AZD80S5
: |
6 PM, +FA+AZD8055 | 5 3 12 13

test

E1 XRIMHOBERBFTR

Fig. 1 Experimental groups and exposure scheme
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1.3.5  /NRUREHZ)
INEETEUG /N0 25 58 B (0 il | 2 J5 TE 02 1Y
Az BRER K P e T il 2R T 03, AU B IE R R
WFREEW T, 48 h )5, &l 350k gt ik
SEAL PR S A B YT RLZY 10 pm 1938 7, 1] g
KAHER .
14 Gt

SEYREAE A A5 M2 % s . A GraphPad
Prism 5 CPEAER, SPSS 13.0 #5440 B4R #E 4T 45 11
T, SRR 2R 7 22 53 1 (one-way ANOVA),
Turkey £ & [t % (multiple comparisons ) K5 56 2H [] 2%
B 22 57 0 2, K a R P<0.05,

2 Z58 (Results)
2.1 B AR R R AR

Xf BREH /N B B T OGO R MRS R 4P, =53
MAERN, Je3 2 W5, 5X A L, PM,; +FA
4171 PM, s +FA+AZDS8055 4 /)N BLI B I 8 57, b
MZERE, S H RN S 8, /N BUARE A2 L 2
7R A G rE /N B AR i 5 00 REZEUAH FE R H B
[ 2 B (R R AIR (P>0.05)

26

24t ——
= 22 L —a—~g e |
@) hg e —
15 ~~—
B 20t ~—
B
2 Control
e | —=— Contro

18 —— AZDS8055

* PMZ.S
16 + ——FA
——PM, +FA
14

1 2 3 4 5 6 7 8 9 10 11 12
Time/d
B2 /NMNEREETH

Fig. 2 Body weight change in mice

2.2 /NERUI AL UV N S B I 5 AR

Yedg 2 Ji e, /N U421 ROS 5 A8 1k i &
3A s, 5 X BRALAH L PM, 41 FA 41, PM,, +FA
ZH L) K2 PM, +FA+AZD8055 41 ) ROS 7K -4 ik
FH(P<0.001); 53515 PM, 5 \FA FR 2 % 2 AH L
PM, +FA 4117 ROS 7 & (3t BA 3% 2 5 (P
<0.001); 5 PM, ,+FA 4 H Lk, PM, +FA+AZD8055
419 ROS & 1t b M1 i (P<0.05), /N Ut 41 21

GSH F it Z b an &l 3B iR, 5 X A A L, 4 4
GSH /K- ¥ 3R B o 8 35 P °F B (P<0.01 B P<
0.001); A kb T PM, .41, PM, ,+FA 40 GSH &
EMERRN(P<0.05), /NEUITZLZY MDA & 25 £k 4n
Kl 3C i, 5XF LA, PM, 411 MDA 7K -2
FE ETH(P<0.05), FA 41, PM,,+FA 417l PM,,+FA
+AZD8055 21 MDA /K- & &M EFH(P<0.01); 5
PM, A EL , PM, +FA 41 MDA /K- 21 TP
<0.05); b 5 PM, +FA 41,PM, ,+FA+AZDS8055 41
MDA /K-8 2 FH(P<0.05),
2.3 /NEUIZZY DNA 4550 2 25 51

/NEUIZHZR DPC & =22 an 1 3D s, 5XF
MR I, & 2H DPC /KF-3 8 %1 ETH(P<0.01 5
P<0.001), /MNEUITZHZ 8-OH-dG & & 7A8 1k inid 3E
Fis, SXHIRLH A EE  FA 2H 8-OH-dG & & B 3% F Tt
(P<0.05); PM,, 21, PM,, + FA 41 fl PM,, + FA +
AZDS8055 21 8-OH-dG & & ¥ 3% [ F+(P<0.01); 5
PM,, FA Pl 58 40 4t , PM, +FA 4 8-OH-dG
TR E EFHP<0.01),
2.4 /NERITASUR T Caspase-3 7 il i 45 2%

& 3F o~ , A0 LT X REA 4521 Caspase-3 7
W3 EFH(P<0.001), 5 PM, 20 FA ZH #5255 40
AHEE ,PM,  +FA 4 Caspase-3 7 & i 3 P (P<0.05)
FF
2.5 M H&E L8

ffiZH 4 H&E YL ] o Baks 45 R an il 4 s &
HEZHFI AZDR05S 41/ R il el 2100 Fr e B ok <G
A AN Sy (AT SR W= Lot s = M RS ke
T SCEE- LA B )2 HES . PM, 2R FA 41
/INERA It R0 e 3 B A AT R G JEE | ST A
L S 300 LA R P 4 LR L 48 Ay = 1Y) 9% A L v
1, M PM, +FA 41 A1 PM, ,+FA+AZD8055 2 nJ )
il IR BT 0 e 4 WA R
5 Y S B 1) S A MR

3 iFi2( Discussion)

VAR R &0, A= BUK -1 ROS AIE M
SO Z HUMIE R S AN R 3R SR A Ay
AR, HHURZ RSN FAS KR 2 T i i AR AR
(1) ROS 7] LAFE W 14 P9 GSH, 1 JRAILAA Hh 2 4 K 4
T s AL, o MDA 2R FUd L r F 2z
— RS AL DN 2 B TS Caspase-3 7P
PR TR BRI, fif R AR Dy fig 2 VA, 7™ A 4 i
T, AR5 PM, B ARG /N4 2
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%&0@‘006 < @é Q%Q & 0&00@ Sk {< QQOQ A;@:o&o QOOQ ST {‘ 00&
- K
S QY;@ Y ST T ST
>§ XQV’ ;'{V’
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N 7 <

3 /IMNERATALFLAH, DNA i ARATNELER
L SXHEMIEL,T P<0.05,"" P<0.01,""" P<0.001;5 PM,+FA 4IAHH,# P<0.05,% P<0.01,%* P<0.001,

Fig. 3 The oxidative stress, DNA damage, apoptosis levels in the lung tissue
Note: Compared with control group, © P<0.05, ** P<0.01,""" P<0.001; compared with PM, s +FA group, # P<0.05, " P<0.01,"* P<0.001.

B4 MREALYIF HXE # &
TE: AL XIE4L; B, AZD8055 41;C,PM, 41; D, FA 41;E,PM, ;+FA 41;F,PM, s +FA+AZDS8055 41,
PO SRy ST IR (R Sk D JAE AR ML
Fig. 4 Histopathological changes of mouse lung tissue stained with H&E
Note: A, Control group; B, AZD8055 group; C, PM, 5 group; D, FA group; E, PM, s+FA group; F, PM, ;+FA+AZD8055 group.

Black arrows indicate bronchial remodeling ; blue arrows indicate inflammatory cells infiltration.
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H ROS fil MDA 5 & B & PE BT, GSH & & T
K, 220 PM, S I56 A HY R 25 % ] LA LIRS A fL e
REAR, UM 2™ A 05, A, — 3 s
B2 PG L Caspase-3 SR BETHE, B4
T gE ] WP TE/NR 41 21 Caspase-3 /KF-, it
M, PM, s 5 FHRESE [R5 B0 BUIT 2 2477 4 5
LUK AR O N7 A ) RS R o 291 I ES 3 TR N
REJCIE, 51 R Anp T,

IeAh i 2 A ROS iR REX T DNA 71, B Wik
SERAEM LAY 8-OH-dG /™ H 5411 DNA 431 144
S 5T18E, BT IE 5 00 55 B 0 & 5 5% S B
RIS PR RMAR S S IG5 3 e B, F R T LU R
KB 20 21 DNA ZE Jl 8-OH-dG, H. & 3 7] 42 3¢
N T Longhin SEU R 9Y & 3K, PM, 78 7% 2 3L
8-OH-dG &M, ANF5EH, PM, KA H i 2
Fa, /N EUI 4021 8-OH-dG & 34, it 5 1
PM,,  Fl/ak FP 5 2 5% BBl o o & ROS M 512 /1N i
774 DNA #if5, DPC J& 5 & DNA #4519 &
2P, DNA & (A A S8 0% i, Y AR
R SR B T 305 =2 H Ak 1 2 VRN 40 T At
DPC, %M T DNA &5k fo el A5,
PM,  FITHT i Bk 2 5% 34 25 5 8l 41 80 DPC 19 B
B, B PM,  FITHT [ 52 45 7% 8 W] W 3 15 Jin DPC 19 %
H, FUCHEN, PTRE M T SR R R S B U 41 4
KA B, 724 K ROS, 4k 1/ 5 T 8-OH-
dG #1 DPC JE A, i ™ 5 1Y DNA H 455500

IEFIELT, 24 DNA #6545 & A= 1, HLA ] Js 3
DNA #3165 , Hir, mTOR 7] i@ i mTORC1-S6K1
P T8 AT JE B i Bo#b fF 2E K] D2 (Fanconi anemia
complementation group D2, FANCD2), # Ifij i %
ATM-Chk2 £ 55 5 oK & &2 DNA 4 5, M\ i s 2>
DNA 73 FHi5% . Guo SFPRYBFFR MR, /MR
mTOR K A5 5 , FANCD2 & H 2635 N iR, gk
SE(T DNA By, L i mTOR 25 T DNA
P REE . AZD8055 14 mTOR 43 MR 5 Pk
TR, GE AR SRR BT DNA B9 45516 52, AT
& DNA 1 # 45™ A W 5% A, (A BH W 5
AZDS8055 J& 7] i %2 5% T PM, 5 Fl1 HH 1 119 /N B4R PN
DPC F1 8-OH-dG % & .3 T+, it — 2D 56k
AZD8055 FEMZFILIET mTOR 451 DNA #i6 & &
&, TSI EE DNA 945473 .

Zi b ARIESR R, PM, 5, H B 2 58 I /DN BRUT 41
LR A Il 20 B AR AL 45405 . DNA 51453 Fn 40

MR TR BLGE, SECT /N, PM, 5 A
WK 2 e 2 IR /N U 4 £, SR B D R A i
S5 B R S B A AL B0, N IR DNA $5i 433
B ST INE A DNA $5 405, LA K 40 3 T n] B2 BBk
B B T B A 45 i ALS] . PM, ISR S
A B JtA53 0 X e R I 2 i ) A 3R s i AN T A
—E R

i, A AHEEFETZ2E R E LB AL X (No:
2017YFC0702700)F= B % & & A3 & 4 (No: 21577045) %+ A&
BB,

BIEEE N 240973, %, A TR 4L AR T4
PR R AGHF IR, BB AT, ZEAEAR
HAELEHMRAASTENFRERRILT L WIE R R KL
oF AW I A TAF 124 & & SCIKk 3 L 30
2%,
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