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Abstract: Motor vehicle exhaust is one of the main sources of PM, pollution in China. Long-term exposure to
vehicle exhaust causes damage to animal respiratory system and other organs. To explore the effects of long-term
exposure to gasoline-burning vehicle exhaust on lung tissue damage in mice, 51 male 8-week-old SPF-class ICR
mice were randomly divided into 7 groups. Among them, one air control group (6 mice); three control groups: 0.5
h control group (5 mice), 1 h control group (8 mice), and 2 h control group (8 mice); three gasoline exhaust expo-
sure groups: 0.5 h exposure group (8 mice), 1 h exposure group (8 mice), and 2 h exposure group (8 mice). Mice
were exposed to gasoline engine exhaust in homemade chambers for 0.5 h, 1 h, and 2 h daily. After 95 days of ex-
posure, the mice were sacrificed and their lung tissues were measured for inflammatory factors interleukin-6 (IL-6),
lactate dehydrogenase (LDH), tumor necrosis factor-a (TNF-a), and transform growth factor B (TGF-B), and pul-
monary pathology sections were made for HE staining. During the exposure experiment, the behavioural character-
istics of the mice were observed and the concentrations of O,, NO_, NO,, NO, SO, and CO in the exposure cham-
ber were determined. In addition, PM, ; gasoline vehicle exhaust particles were collected and analysed for concen-
trations of water-soluble anions (F~, Cl', NO;, NO;, SO7), water-soluble cations (Na‘, NH;, Ca*", K*, Mg*"), or-
ganic carbon (OC) and elementary carbon (EC), seven heavy metals (Cu, Ni, Mn, Zn, Pb, As, Cr) and 16 polycy-
clic aromatic hydrocarbons (PAHs). The results showed that: (1) Among the chemical species analyzed in the sub-
chronic exposure chamber, the OC concentration was the highest, accounting for 75.5% of the total chemical con-
centration in PM,; followed by EC, accounting for 22.9% ; and then anion and cation, accounting for 1.11% and
0.27% , respectively. (2) The mice in the three exposed groups were less active. After 5-8 minutes of exposure, they
entered sleep or rest, with the respiratory rate decreased, and these behaviours can reduce the damage from gasoline
exhaust emissions. (3) There was no significant difference for weight growth rate between the parallel exposure and
control groups, but the growth rate of the 2 h exposure group was significantly lower than that of the 2 h control
group, and the 2 h exposure group has a weight decline tendency at the 14" week. (4) Compared with the control
group, TNF-a in the 0.5 h exposure group and IL-6 in the 1 h exposure group were significantly increased, indica-
ting that exposure to gasoline exhaust gases induced mouse lung inflammation injury, with increased secretion of
IL-6 and TNF-a. With the prolongation of exposure time, [L-6 and TNF-a were significantly lower in the 2 h ex-
posure group than that in the 1 h exposure group and 0.5 h exposure group respectively, which indicates that the
lungs of the mice were seriously injured and the immunity was seriously reduced, with no positive anti-inflammato-
ry response. (5) Histopathological observation showed that pulmonary congestion was more serious in the three ex-
posure groups than in the control groups, a large number of lymphocytes and neutrophils infiltrated, and the alveo-
lar interstitial hyperplasia was obvious, showing a gradient difference of damage aggravation with time. (6) Long-
term exposure of gasoline vehicle exhaust can cause lung injury in mice, and the degree of damage to lung tissue
increases with increasing exposure time.

Keywords: gasoline engine exhaust; PM,; mice; chemical composition; exposure chamber; inflammatory factor;
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1 ##l57 % (Materials and methods)
1.1 FEAUE S FE A

FE A < v i UKL ) SR A 2 (185 1 2030,
W87 L1 S AT FE BT L B T 3 A (ICS 2000, 3¢
Dionex /A ), JC % /A HLEK 53 H7 4 (DRI Model
2001A, 35 F Atmoslytic 23 ). X &£k 9¢ 6 23 #1 4L
(MESA-50, H A< HORIBA /A 1) S AH (4 15 33 ¢
X (7890A-5977C, 56 M 25 A~ 7)) 42 H 3 A fk
{(TBA-120FR ACCUTE !, H &R Z %) Al WLt 4r
JENEETH(T200, FHEAR SR RTA &8 A FRA &) i 4
FEAL(XH6080 , PUZ2AZALAR) ) DG W WS AR A (Sunri-
se™ F50, B+ 1) 7ML (Wackerneuson , 75 [ j,
o AR) AT (Testo 340 , 7 [ £l &) Al <45
£t (Testo 0409 1202, 75 [E £ [K]) . CO Al {L (EM-20,
T USRI H AR

FHEGRIFER - A UE MR (S E Whatman 23 F],
LA 90 em) 92 VR E A fk) s /NI 4 R 6
(interleukin-6, IL-6) ¥ i2 i S /i (lactate dehydrogen-
ase, LDH) I8 1 3E [ F a(tumor necrosis factor-a,
TNF-o) b4 K K F B(transforming growth factor,
TGF-B)ifk G At st & A WRHE A TR A FD; Al

50 L 9ES4%, HIE 1 mx1 mx0.5 m AR TIE L
I B R YL A B (290 mmx 178 mmx160 mm),,
1.2 BEESM PM, B 5 CRAE S AR
1.2.1 FERCRE

92" VR A BB PRI UL HZ 4T 10 min J&,
FEANEE N RAEE A HEAE N 3 em A, L1 100 L-
min” Ji AR AWA H #1950 L ARTHERAS, AT
MEVEREEILE ., HEA PM, RAE kL i i p ™
2030 A A BE TSP SRAE#S7E Whatman ™ 7 9%
[ (Grade QMA1851-090)_I- [F] 5 R4 2 1y PM, 5 “F-47
FES, LLAS 43 A7 0T 6 Wk B2 R 2 Wy ot 2 BRSO
[26-27], XF R AF I S U8 B 3E AT W Ab BRIT T 43 2 —
KVFRE, B3 PM,, MBI, JF 4 fb2ed
SYRRIE R 500 L YRR A N SE PR i) B R Ak 4 o
H(RLES0 L),
1.2.2 Ak p sy vy e

PM, s #E R M B 5 (F . ClT \NO;, \NOj;
SO )HIK B 25 F-(Na™ \NH, ,Ca® (K™ \Mg*" )Y
YRR FH B 35 )0 5 | A BLAR (OC) 1T 2 ik
(EC)HIT & B/A MUK 73 B4 73 B, Cu \Ni ,Mn , Zn
Pb As .Cr %5 7 #H# 4:J8 0% H MESA-50 %Y X £k
P SBT, 1 L SCHR [26-27 109 23 BT 7 5516
il 22 455 1 (PAHs) AR €33 - T 1% 156 FH A A A, £
FEZE JEMS 8 2 A S T R TT (a) B
FIFO)PEE AP AT (a) e (Bl IF(1,2,3-cd)
B ORI (ah) B 2RI (ghi) 8, TR FE RRRERT Y
SR

RIMAE RS M2 2 1 B b, A5 bt
ACHH S RET (R 0.6 L min ™) YL 340 9 (5 K
/N BRI DY BERE ()T 45 YL BE B Be A YL B RS TR 2 i
KBt 0, NO, NO, NO SO, , CO K il {3 i G
FEAAN CO RYSIARHR T | 45 LB 105 YR 2 45 SR
FIIME.
1.3 SEEG ) KW 18 1 2 R S0 5
1.3.1 SZEshy

Wb s A B AR R IR A RS\ (B
JES . 11401300053484) %) 51 H ifEME 7 Jiily SPF 2%
ICR(Institute of Cancer Research , %% 3 Ja i A1 5% T ) /1N
B, IAE(38+2) g, WA RUEMFE 2 R, SLW7EE
22 ~29 C) N34T, IR HIHEE , 5AE A R
FHEBY R, DR IE S S A KA ST, /N RS RT
SEINA Y CE B
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mx0.5 m)N 52, Hirb 3 X B4 51K 0.5 h Xf
MG H/NR AN A H 2252 0.5 h) 1 h XTHR4LES
SUNR G RN A S H 28 1 h) 2 h XTRRZEG H/MR,
FENZS S H 2R 2 h);3 DRI 0.5 h B
HE /MR AN ERSH 05 h) 1 h 2
FRAG H/NRG AN ERH 2 1 h)2 h 2
FEHE J/NE N AR H2#E2 b, NS
WP sUE B O REATRIME RIS
JUBERE  JE A PVC BRIE R FH IS 3 A0, A4S N
SEMRGAERENCTICE T /NIRRT N, 48NSR 5E
R NPT G E D /N E R B ER A
RN RS2 05 h 1 h 2 h 5, BUl/NRGE, FTHF
W e B R s R, BIE 1 d R
SHG, ANULHEAT 95 d M AR EE LY, 2R S R
o B S/ AT WAL, 53R 7 d I/ NRUA R 1
WA FERTHEAT B Ji — IR BR R, SR A A3 A E 44
K B PRE KR = (SR - W AR ) IR,
1.4 BYIFEAT 5 KA 8 bR il

WS M R R S A RS, S IR R A

x1 REIBRSY

Table 1 The experimental parameters in different groups
LG4 Groups IiE)/h Time/h  /NEREC Mice number
FEIBONS B2
05,1,2 6
Open control group (OCG)
05 5
X HRZH
8
Control group (CG)
8
05 8
| )
Exposure groups (EG)
8

SINTIT I, SR U 3575 A B8 S 56 B, R SE B A4 21,
-80 °C THRAE, R FRT AR — 25 Je 0 32 0 5 4% 4 P
F IL-6 .LDH . TGF-B . TNF-a ; [F B} SR 45 22 il (11—
A7), FHAE R ThARE 22, HE Yoo )5 i 712 il 2 20 2R )
A ER ST
1.5 HdEoatr

FH Excel il SPSS 17.0 {4355 - 34 {8 Al b
22 X5 Z [H] IL-6 \LDH \ TGF-B , TNF-a 55 A 4iE Al
T IREM KR YRR TS Y (CO R it
IR R TCIL G v 22 S ) 1 22 S MR R A T B R R
24341 (One-Way ANOVA), /7 2255 MK H LSD &
By, 95 223E MR ] Dunnett’ s T3 K de , FH2 HIEEIR
E CEAE bR AEDR)

2 55 (Results)
2.1 AP ERAR VR A R AT I A R4 28
15 Y IR I
2SR B, A YL BE AR E B RN REA
YRR BT UR Y 7 Iy BE R d 25 SRR B BEN O, T
JEE RIS Gk B 25 R AN 1 25 (P>0.05) . SR N
0, WJE N 20.65% ~20.73% (W3 2), KRG R I5 YL
Wrvte i 5 3 AR o= , 530 FHSF- 34 (8L (GB3095—2012
TN R BEBR{E) FR 8 40 R . NO, Ry 1.95 ~2.21
(025) mg-m~;NO, &0 ~0.14 (02) mg-m”;NO Jy
180 ~221 mg-m>;SO, N 163.61 ~167.88 mg-m™;
CO Jy>1 116 (10) mg-m>, VM4 RS PM,, 4%
KI5, OC W E fe i, o 633 pg-m”, i PM,,
AL R BE 1Y 75 5% ; HRJ2E EC, M 192 pg-
m”, (7 22.9% ; RO B FIBH B, 4300 9.31
pg-m 1227 pg-m?, &5 1.11% F10.27% , ffik
Mk 7 ME 4R ,0.04 pg-m”, i 0.0482%(1& 1),
PM, AL AL JEN TR Dl I 36 3, o, B
B F R, NOL il SO MR B H i, 4 il R 3.10
pg-m M 301 ug-m>, PO} IKZ, A 222 pg-m”,

R2 REENESKRTRUIRE

Table 2 Oxygen and pollutant concentration in chronic exposure box

0,% NO,/(mg-m?) NO,/(mg-m>) NO/mg-m?) SO,/(mg-m>) CO/mg-m?) FEAK ()
05 h ZFE4 (05 h EG)  20.73+0.06 221=1.11 0+0 221111 165.09+58.15 >1 116 23
1 h 2§40 h EG) 20.710.07 195+153 0.14£031 1.80£122 163 616887 >1 116 53
2 h B##E4(Q h EG) 20.65+0.01 2.18+145 0.09+028 2.08+1.17 167.88+6020 >1 116 29
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PAHs:
134 pg* m™0.16%

TR SR A
Sum of 7 heavy metal
elements: 0.04 wg * m™

BHE5 ¥ Cations:
227 pg* m30.27%

FHESF Anions:

EC: 931 pwg*m?3 1.11%

192 pg* m>;22.9%

0C:
633 pg* m?75.5%

1 RBEESPM, LFHESKRERBS
TE:EC F/RILERK,0C F/nAHLEK, PAHs FR 23512,
Fig. 1 Chemical components in PM, of gasoline engine exhaust
Note: EC stands for elemental carbon; OC stands for organic carbon;

PAHs stands for polycyclic aromatic hydrocarbons.

PHESF4150h NH, Wi, 0 1.15 pg-m”;Ca®
WRER 2, 0.733 wg-m>, % =% JF M Na",
0223 pg-m?®, PAHs W', 2K I (a) EE VR B d5e i, M
228 ng-m”, #it GB3095—2012 H1—%% 24 h ¥y
W 2.5 ng-m”, FEAJE TR UK B = BRI T
WK (ng - m™?): Ni(18.8).Zn(8.79) . Cu(5.15). Mn
(334). Cr(2.74).Pb(1.55). As(0), H  Cr i it
GB3095—2012 H1—ZAEF- 1M 0.025 ng-m™,
2.2 FIMERARWEMRE /NI A2

TN R R 20, /N UG BREEHE I o BRAE
IPERRL N 8 B S RS |5 ~ 8 min Z A TH BRFR

JET R iﬁwkﬁbﬁt,uj‘zﬂﬁﬂ% R AR T B, TR,
A5 SRR T IR AL (Y B A0 1 /N R R B B 3h 17
4,10 ~ 15 min J5 1% 24558 T B 8 53 PURMA S 8

BEMR 11 1E O P RN BR 2H /)N BRI 8 A Y i
A, RSB WS R R TR E R RS

R3 EBUERBEPM, FUFAS

Table 3 Chemical components in PM, ; for chronic exposure box

e ,
éﬁiﬁ;ﬂt SN RS BR2 M éfii:t e BESL RES2 M
Parameter ~ Sample 1 Sample 2 Mean Parameter Sample 1  Sample 2 Mean
category category
F- 0236 0343 0290 %% Nap 622 272 447
cr 0483 0.904 0.693 JEM Acp 372 33.1 352
SO 3.03 298 301 JE Acy 231 2.10 221
BFH4 NOj; 3.12 3.09 3.10 %j Flu 128 102 115
Mg -m™) PO; 226 2.18 222 4f Phe 86.8 957 913
Ionic component  Na™ 0222 0223 0223 B Ant 50.8 498 503
Apg-m™) NH; 1.15 1.15 1.15 YW Flt 162 195 178
K* 0.0942 0.108 0.101 B Pyr 194 253 223
Mg?* 0.0662 0.0551 00606 || PAHs/(ng-m?) #Jf(a) BaA 447 426 437
Ca®" 0.933 0.532 0.733 i CHR 233 224 228
Tk BT 4 53 TC 842 807 825 I (b)2¢ . BbF 92.0 95.1 936
Apg-m?) 3 1 s
Carbon component oc 650 616 633 I (k) HE B BKF 56.0 456 50.8
Ang-m™) EC 192 191 192 # 9 (a)tt BaP 230 226 228
As 0.000 0.000 0.000 BliFF(1,2,3-cd)EE IedP 956 949 952
L4y Cr 232 3.16 2774 ~#3F(a,h) ¥ DahA 397 533 465
/(ng-m™) Cu 540 491 515 7F~)T‘(gh1)TE BghiP 210 208 209
Element Ni 19.1 184 188
component Pb 2.64 0456 155
/(ng-m?) Mn 325 342 334
Zn 8.75 8.83 8.79

T TC FR Bk,
Note: TC stands for total carbon.
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A 7251k
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i [/
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B2 RiuFRSESZNNMNREEERKNOZM
Fig. 2  Effect of gasoline engine exhaust exposure

on body weight in mice

TR B F IR T IL-6(P=0.002<0.05) , FHoAl iy b R 44
Kih R E, BAR 0.5 h MR N TNF-a B3
T IFHO BEZH Y, 1B 0.5 h BERAH A TNF-o 35
7o T [R) FF 18] B %5F BB 2 (P=0.008 <0.05) . 3 Dt B 53
TR TR 18 W/ B R AE B 47, f IL-6 , TNF-at
(R 3 TR TN i 2 528 I ] () JE K TL-6 R BN 2
h R W ELT 1 h BEE4(P<0.05) , TNF-a &I}
J92 h BEEA B FRT 05 h BEHP<005), EkE
IS ErS g E NN T DR T S SR L =W
R, NP B T A PR S I, 2 i 2 5 0 BR A 1Y
LDH F1 TGF-B 73K V25 55 A8 3, iR i 2 R 4g
PR F R b R SHE RO P W RO AN &
2.5 RIMERSWASHEREE T 1Y/ B 2005 2
AL,

HAVHHEWEE R VR0 % B 3O /N BRI 41 21
()45 473 Bt 258 i B (R34 Jon v o 2, o3 40 8 2 2R 0
2 h REEU>1 h RERA>0.5 h BRERAL, WA RN
[i] AR AE K, /0N B B 3 40 AR B 1 22 P 1 A R
11 E (0T 11 = B2 NG = N DN R ey v 1
R ity [ S A BH S, R DL il A0 S A A
L BiTE (15 4).,

3 1312 ( Discussion)
3.1 VRIME RS M 2 8 X /N AT b MR (1)
A

/0N R 0 A o B R R IR ¢ 7 SR R
0.15 (0.09 ~0.23) mL, FFI S5 % 163 (84 ~230)1K -
min”, #EW 8 H/NEL 0.5 h 1 h 12 h iSRS i
YIE Sy Hh 587 L. 11.7 L #123.5 L,500 L 444 i
YN S R YRR/ AR A T S THFE, 22/
bl e K I TRITH AR J5 48 N 8T ATk 20 % , PR 23
PR A 4R T 52 e /N BRUAE AR AIE

K% ES &4 NO, \NO, NO SO, .CO Fl

F4 RHEESESEXNNREEEKNZIN
Table 4 Effect of gasoline engine exhaust exposure on body weight in mice

415/ Groups WM /g Initial weight/g

2K T /g Final weight/g PRE K 2 /% Weight growth rate/%

FFrxT IR ZH(0CG) 39.53+0.90
0.5 h %I 841(0.5 h CG) 40.73+0.39
1 h X4 (1 h CG) 40.87+0.50
2 h %42 h CG) 40.10+027
0.5 h FFH©05 h EG) 39.52+0.61
1 h 2§41 h EG) 37.92+0.72
2 h #FE4(Q h EG) 38.69+042

4764+0.88 20.58+2.83
4848145 1897+2.69
47.14x1.10 15.54+1.76
47.85+123 1931+293
47.05+2.20 18.65+3.71
44.04+133 15.84+2.58
44 87+1.53 15.88+3.28
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Fig. 3  Effect on inflammatory factors in mice lung of different groups
Notes: There is no significant difference between two treatments with same letter at P > 0.05,

and there is significant difference between two treatments without same letter at P <0.05.
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Fig. 4 Influence of chronic exposure to gasoline engine exhaust on pathology in mice lung (10x10 HE stain)
Note: A. OCG, B.05 h CG,C.1 hCG,D.2 h CG, E.05 h EG, F. 1 h EG, G.2 h EG. a. alveolar congestion;

b. lymphocyte and neutrophil infiltration, alveolar interstitial hyperplasia; c. exfoliation of alveolar bronchiole mucosal cells.
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