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ARG FREIRTE Y 22 B A G012 X ; LPE \MPE .HPE 4420 41rh HK .PK .PFK-1 3G PEH T %, 2 B H i & X (P<0.05
X P<0.01), Z8 LATR, St PM,  ZR 88 WX R BRAT M2 7= A AR R s i, ol DR BG4 21 280 %) TG AU A QO AR ERS 1k AR, S L A
1z BhEES] .
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Abstract: Discuss the mechanism of PM, to sugar metabolism through studying the influence of different con-
centration of PM, ; on incremental exercise rats. The 32 male Wistar SPF (specific pathogen free, SPF) rats were
randomly selected and divided into control group (EC), high dose of PM, ,+exercise group (HPE), middle dose
of PM, ;+exercise group (MPE) and low dose of PM, ;+ exercise group (LPE), and PM, ; was administered to
rats by intratracheal instillation at the doses of 30 mg-kg" bw, 15 mg-kg™ bw and 7.5 mg-kg™ bw respectively.
Then all rats were trained by treadmill running with increasing load. Stroke index score and neurologic symptoms
were used to evaluate the rats’ behavior, and the HK, PK, PFK-1 were tested by ELISA. The stroke index were

statistically significant (P<0.05 or P<0.01) in three group, compared with the control group; as a result, the activ-
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ity of HK, PK, PFK-1 were declined in LPE, MPE, HPE compared with the EC, and the difference was statisti-
cally significant. The PM, ; exposure can affect rats’ behavior, resulting in changes of the anaerobic metabolizing

enzymes, and then reducing the body' s exercise capacity. With the increase of PM, concentration, HK, PK,

PFK-1 activity decreased.
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PM, A0 5 G B R AT5 YL BRI v A 32 25 g
Yy, BARAR N & TR R AR RS |
TR B K s i e e ke i, T
NI Z2 i3 56 I Y007 1 35 31 B R T
M5 ARG , KAIAE 25 5 Qe R b AT R 5 i
gl 2R PM, X AR 053 | LA T I 5K Y
fREREXURE ™, A PR HIHLAAT 25 (Y B i, 2
R BRI 2 S DR P X i 22 R G D RE A 19
PEE AT AR B S AL MAGE Sl
LR RE AN A YR, L RE B B 4 i AR SR Qg R
WA FRIK s BEAROCH R, FRERG A 5 Z 2 Fh )
I NG Y/ PSE SN A I NTTPO R AN kS /T
A N s 2 A Y TR Sl BIF AN () i
PM, B2 0] 12 B 47 O 27 1 5 B AL A £ IR il
FRsE S AL, /T LA PR W] PM, ; %% % 57 it -z 2
SR -IBBRLREZ 8] 1 R R PRI —E R LR B % b
AT RN 5 e R AN 2 TR i A AMA T T sl Y
B i — e ik a

1 ##5 7% (Materials and methods)
1.1 PM,RAE KB 5

PM, WS 2R FHORL ) 8 BER R e 64T, b Ay
G A RE N, R Z 5 m R
X S L e A S At ) it ATV B DA ORIE S Sl
WA, (R TR AR A Y e B i R
PR D SRR 1.5~2 m, HHTRES
TR TS LA 22 HARRT AR i | DRI I BRURE 0 1) 1 2 SR

FAIRLC R 7 e B, ) B AR 5 SRR i A B S ], ik
SREERSFIREBELE R 1 m DL b BT 18763 m DAL, 4
K 24 h BEEEREE HREE 30 d, RAEERTARERIE M5 R
S RS AR D T 2 FUR AR, 15 10 0
KLY T MR R 45 o WS B S, SR I 0
JEEEE B SRy /N R A B K b R R 7 iR 3
HEAT 4 WEY , IR 30 min, 757 25 55 F /K % Bk
YIEAT Ve BB TR AE 4 °C T #E(T 20 min 5.0, %%
N 1000 r-min |, B 5 EAS TG FRE,-20 C {4
o JERERTEH 0.9% A B K i il s A% 3
AN (0 FH R A R IR AT, K R 4 R Rk T
TR,

1.2 AR 5]

BECKMAN AD 340 fk 2% % St g br A (€ ),
MR23i BG5S OAL(SEE Thermo A Fl); L 3]
A (h E B B IS 2 7]) ; Bonso-TCS-2000 A
HLFFR (B A B AL ER ) ) ; DK-98-1A fH ifit i 4
(R A PR 7)) TN-100 L4541 KA (@RI
A s fbAE) ) ; TH-150C HY R 75 KA R ks )%
RERAEZ(AC 2.5 wm YT B2 RAT)

1.3 S shYndl S5izsh %

TEF 7 JEI Mg R R B 32 L (Hh P 42 3838 K
2F P 2E B s i 35 D BRI, 951 A SPF (specific
pathogen free, SPF), /A 180~220 g, LI K AY
T 3% B S 6 ¥4 R OO0 F 35 R SE 56 sh W 1 48 T 1k
BOLY BEATHAES YRk SE 30 KR R SE 47 2 d
(438 O P B 5 DI 2, SBE A 10 memin™ 2R A Ry

®1 KXREHHFE-ER(n=9)

Table 1 The incremental training model of rats (n==8)
S8 HfH
Parameter Value
B ENHE /(m-min!)
15 18 21 24 27
Speed of motion/(m+min™")
32 ZJj i} ] /min
15 20 30 40 50
Duration of motion/min
W)

0 0 0 0 0

Slope (°)
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5 min-d™ ; 1IE YNGR FRRE T A K BBEBLS A EC
LPE MPE Fl HPE 41,5341 8 W, A SL 50 K R EAT
1d AN E , 1 d J54% 88 15 m-min” x 15 min
(I F 45% Vo 00, 18 memin™ x20 min (424 T

50% Vo), 21 m -« min” x 30 min (424 T 65%
Vo m) 24 m-min” x40 min(#14T 70% V, .),27

m-min” x50 min (F4F 76% V o man ) BRI 328 18 670 £
AT, BIRING T RILTF % 1,
1.4 SRyl e S i

YL BT SR A L 1 PM, o B TE 7K TR 50 P 7
A 37 °C,# M 30 mg-kg' 15 mg-kg' 7.5 mg-
kg™ /AR AT AR T ERFR A 3 mL -
kg, ATl PM, BRI AT 40 A T IS 57 REE
KRBT I IES s BC 4142 B RIAR i 751 12 Fn oy =Q e
[ SRR AR BEER K
1.5 AN & FAs bt

L35 0 2% . KRRz sh 45 H 5, 18 I 1 5 RR
(20% SRIHFIR) , 8 F S KI., 48 56 1 & T
37 CHERZKIA 5 min J5HGH , &3 7RO LI
083 500 r-min” B> 15 min, 2 MIEIFE T 4 C
KRR

i e PR R« A R A LI L o %, BT R )
AETE SRS UITF S K Rk | 2R 88 U, S5 FLAC 0 e &
SAEABT—“ VI /AN O 46 HE VR BT 3k, 25 LI
SE . SR 37 °C A HE K BB TE A, R
TR R BE W RE o5 A I AR AR I S5 SR 18 4l E VR
FEVE2 YR H T RIEA 6 mL, %5 2 IFEA 3 mL, RS
0 2 W, EWEVEW S 6 mL, #RJ5 LA 4 000
r-min” 4 ° C FE.L> 20 min, B E R T-20 CIR-AF
PLFEAT I it

JBEDU Sk VAT il 4 BUAH U8 (0.5 ~ 1 g), FE VK

P 10 A R K R B S I, DR AR T PR, ik
A 5 mL HB)/INEEMRINTE W (2):V (mL)=1:9 f Ll
AT 1) 2 3 A i (pH 7.4, 0.01 mol-L™" Tris-HCL,
0.0001 mol-L™" EDTA-2Na,0.01 mol-L" FEHH, 0.8%
(1) NaCl %) , VK 2514 PR BE /N 8 IS e 5 ik 41
2 SR e B AR e ISy ) 2R A T A S SRR
SPRWGE I R AT g AR YR R B0 L 4 000 ¢
min” &0 10 min, Bo3 B 0 _IEW 4 CHRAF

FE BRI 12X . Tl 3K B 98 T B 52 6 ) 4 HKC, PKC
PFK-1,

AP FEBATEA ) MY 25 43, 0~3 43 NSEIR A,
3~9 Gy Arhia e AT REAA B 7, = 10 20 W A 4
BANERLEE 1 43, B/ D S0R . 1 A, Bl
RE 1 4, S5 . 3 4y, HR B R B T .3 40, SR i
HMRECON"F.3 4y, LIS N1 4, 7L 3 o
BRESHE K ia 5l .3 4y B REES 16 47

PR 2R R I L 4 10 43,0 0 1EH 1~
3R EE 4~ 6 r EERI, 7~ 10 A3 E R
A A R0 4, RIEATREES) . 1 43, IEW A0
o3 AL L 1 4y, AT 2 4y, A3 4, R
7.0 ﬁj\,xﬁgﬂ:@ 1 é}, AEIRIK: 0 é},xﬁg/ﬁ(ﬂ( 1
a3 EIRBAT #3800 3 fCKBR T2 80 . 1 43, i
IR IR TC N -2 47
1.6 GEit=aor

SCIGAE BB AR A TR Ty 25 SR R,
KH SPSS 13.0 SeitF A ab B, SEAT AT AEAS ¢ K
B A AR RS (xxs) | TRGE 22 00 B

2 Z55 (Results)
2.1 PM, BFEAHE B K EBRAT A2 52 0
YU 5 £ A K A TP A o0 sl 2 ARV 3

R2 PM,REXNEFHARITAFZHIRM(n=8)
Table 2 Effects of PM, ; exposure on behavior in exercise rats (n=8)

415 HH(n) PM, ¥k /(mg -kg™) sy PZNTEREIR D53

Group Number(1) PM, 5 concentration/(mg-kg™') Stroke score Neurological symptom score
EC 8 0 2.75+1.04 2.11x0.24

LPE 8 7.5 6.38+2.67" " 3.05£0.62

MPE 8 15 9.63+3.40" " 572121

HPE 8 30 12.00+5.70" * 8.44x251""

4 :ECLPE \MPE # HPE J&iz slixf B4l (K7 =iz shdl  piliEiz shal

R S AL SR IRALARLE,T T P<0.01,

Note: EC, LPE, MPE and HPE stand for control group, low dose PM, s +excercise, medium dose PM, s +excercise, high dose PM, s +excercise; compared

with EC, ©* P<0.01.
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gL 2, ¥4l WoR, 5 EC #H kb, LPE . MPE HI
HPE 41 K FUAY A5 A543 i 2800 22 R0 IR 20 B &
FRER U BE 3G nmi e, 2 R B A ST E X
(P<0.01),
2.2 PM, B 58X K UM JC Uit 1 52
YU e 25 A K BUMLE JC TS PR 1 22 A0
3, W15 3 W40, F1 EC 2040 b, LPE .MPE . HPE
2 HK \PK ,PFK-1 i P 35 B H i 55 12 A ¢ i
N, 2255 G L (P<0.01),
2.3 PM, B5EXT K Bl BALF JCA gt i 52 0
Y55 454K B BALF JG 4 Qs v i 28 1k
W4, mEPEIEE L, A EC A, 3 4 5E4l
HK .PK \PFK-1 i M4 F K H 5 PM, , 1 BE Al 0] i A

KRN, 25 A Gei 24 L(P<0.05, P<0.01),
2.4 1Bl e PM, 2 7R 0K BB U Sk LG A A it
(1) 5% ]

YUHE e 25 2H K BB Sk JUL TG S804 G e P 52 i) D,
5, FSEIEEA, M EC 44, HK ,PK . PFK-1
Tt TG PR BE A PM, o ¥R B2 3 DT 2 500 1 A G M T e
ZESWH G 2EE L (P<0.05, P<0.01),

3 5#7 51312 ( Analysis and discussion )
3.1 PM, ZEEXTia 3l K FRAT A #5210

iz 81T R R is AR OGE 3 2R NS R 5
AR TEIATR R Sl BRI R 5
T EYAT AR SRR, R RO A A IR N

*3 PM,REBEWNKRMFLERGEEHIFM(1=28)
Table 3 The activities of anaerobic metabolism enzyme in serum of training rats after PM, 5 exposure (n=8)

21 51 HK PK PFK-1
Group /(U-mg™! prot) /(U-mg™" prot) /U-mg™" prot)
EC 0.95£0.15 14.29+2.25 1.46+0.27
LPE 0.83+0.13 12.39+1.95 1.26+023
MPE 0.64+0.10" 9.66+1.52" " 0.99+0.18" "

HPE 0.50+0.08" 7.54+1.18 0.77+0.14

T S RALHIE, T P<0.01,
Note: compared with EC,” * P<0.01.

%®4 PM,RENXAR BALF X ERSEEHIHM(n=3)
Table 4 The activities of anaerobic metabolism enzyme in BALF of training rats after PM, ; exposure (n=38)

255 HK PK PFK-1
Group AU-mg™ prot) /U-mg™ prot) AU-mg! prot)
EC 1.55+0.13 23.31+2.06 2.73+0.31
LPE 1.34+0.12" " 2020+1.75" 2.56+0.29
MPE 1.05+0.88" ° 15.75+1.36" 1.84+0.21"
HPE 0.82+0.07" 12.29+1.06 1.4420.16

TS XHRAM, T P<0.05," " P<0.01,
Note: compared with EC,” P<0.05," * P<0.01.

*®S5 PM,BEMARBEELNEERGHEENZIE(n=3)
Table 5 The activities of anaerobic metabolism enzyme in quadriceps of training rats after PM, ; exposure (n=8)

251 HK PK PFK-1
Group AU-mg™" prot) AU-mg™" prot) AU-mg™ prot)
EC 2.00+0.23 30.08+3.48 0.13£0.02
LPE 1.74+0.19" 26.07+3.01" 0.11x0.02
MPE 1.35+0.15" 20.33+235"" 0.08+0.01" "
HPE 1.05+0.12 15.86+1.83" " 0.07+0.01"

L SXTEAM L, P<0.05," " P<0.01,
Note: compared with EC," P<0.05," * P<0.01.
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SR G 8 S RAE PP b e T IR A 15
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R BB S AT DRk ", HALHZE PM,  EA
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i RE e A HEN 75 28 T i %1, T 2E o B A PR
20 ML N SME BAL B B — RIUATRE MR AL, Ca™
AT T B 5 P = P T L 2 — 1R IE B
PRop B I ia sl 55 MK A2 5 40 A5 25 P04l A8
AR IR, 550, i shid B b R AT R
FBRAED , PM, ;7 55 2 15 238 102 Bl 17 25 1% 7% A
3 B0 R RO 8 5 1 — 2P R, (HR X A
PM, 22 5% Wk (1 A8k, ) DABR A O J2 K R s AT
IR 2 S B~ b 2 22 ] ) — R R BB 2

EESERET U ERE NIV L P ik vk 7/ i S
RN R Z — , R EE S EH S AL RS
AR A A M ARSI TR 2 Oy R AR T
v T sh 05— BT ROV R & i T
LA R 2 5 LA Y BT BE 12 3l D fiE % DI AR
K, PITE R i PM, o 20 K B EE IR 2 9 A B A
[ 45 w0 S AR AR S % B, 3 3l K A
AKVIEE) T ELs 315 1 B RE 1K FE %R

TEEN XU T PM, s 78 20 K BT N 24 1) ik
PR REZ I, HALHE K BRAE PM, ;5 68 fllis
SIS FECT S A0 07 T e 5 | A 223 BT 1Y S5
WA SR, PR 24 S R R R
P ALY AN JE DT A 307 33K, PR G
NG 2720 RPE TR T 4 AT R RE T A
Yy 2 2 W iy st o e A ) R B AR SN R
TS A AN 2 AT o e AR, I HLAE R N
HPA il 1] 7 b 2215 18 5% e i A= B0 2 1o Ay A5
S DTS M 21K BRI AT R 2 0 T R T Re , ik —
A GE S AT N I R VR %, K, PM, 2% BE X
18 B K FRAT A 2 1 52 ), A AR 245 % 2 J00RE 9 45 1
S ON R UEZE k=R A i K Vi 7 s = 2SR ak VARV N 2
BERG X B R AR ) R R IB MBI E RGN
UIfe S w O B AT R 2 1, RPN 2 2 il iC iz
Bl S AR
3.2 PM, iz s K R TE . BALF A1 DY Sk LAY
HK .PK .PFK-1 F¥ 540

IEH AR, HLAR 432 3l 2 R I BE 6 £t
INE T AR P 1) 45 o i 138 52 1077 A6 1T A 6 114 181
W, LA AR A T2, X Rh Y R e 1 AR
T vl S S Rl A YA I R AN TR 9 1 BN
25| A G A& A N AR AL, B2 B 5 AR AR
HA LA HERRE

PM,, % i85 Xof T W 28 G 1) 4 493 A7 7 3% 252 1 ol 152
PERON P AL R T 32 Bl B R SR s ) 3 2 5 )
I B PR R B Z , PM, 5 X il D) 8 19 52 1) £F
FE—SE I P, I % 5 A ] A9 4 e 22 ) A 7 Je 30
ol R RN Y

HK PK , PFK-1 fE Sy 4% T S0 AR 15 i) BIR ok g, L
AR ZE 5 32 BN A R 1T, 1 s A1 4
R, SEEH R 3 4.5 Bl oR , PM, LR
HK PK \PFK-1 3 Fiig i 14 bifi 5 2 8 vk JEE 114 384 e i
REALK, 2B PM, ; 5 58 4 5% M AL 4R 1) 9 TG 4010 0
N FRBIALAR R TC A HERERE 0T . IMLIE Y 3 b
PR REAR 32 22 K« (1) PM, R AL S AT LA
68T 40 B 7 %, 3980 P 3 2 | A AR K 8 4
TR BERE J122(2) PM,  FIr #5447 F0 A WL TS e
YR & & 0T LAS AU = A [ O 45 B AR SR
RS R BRI R 280 2 R VE 70 I 45 5 0T, PM,
TEREUE L R G0V 15 B IR 2 ik [R5 S 48
FRGERLAT A 9 2 A7 , 5 350mh 83 0 ™ 2B FRE T
SH A RGO HUARTT A B ] 52 2R R 5%
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M), 1717 2EL 2 P %) 5 B R G i AR 5 b 2 o il
Rk A OGP Bl sk o 2 A% 1o 336 SR FAAIR 5 | S Bh 4
F7 A ek AR | 1 B i A 2238 T B M A el AR 2 5 |
AR Al D RE P A LR, 7340, A A
fiff 5 HE AR AR RN B el R o SRR AR IS ) & A AR
g DT -5 %) A5 2000, JH e 4 285 R 2 0 /AR
W A B

WATR A R B, PM, 5 IR I 22 G B 14 &
R E YA P BALF H A Ak 38 A 1) 48 1k A 2 il
WG EI BN, AL BALF H 4% Filt bR 528 It A 306
AR, S TG PML 5 % R R SR8 (1 S G 55
Pk, HAHLHI T RESE PM, (B3R T Ml b 7 -6 40 il 45
S B, (i MR i | S U S S R 1 21 2
WG, AL, AhES PM, B EEE BNk, wT
DL SE M I B R P 025 45, BT PR RRA

HK \PK \PFK-1 {5 P 19 /N 2 S e 20 21 g IR
ASME LIPS . Bk WIAE iz 2hh 72 it GE L
RGPS LR, SCPR b e 0 B il ) o R
ASLES H HK PK \PFK-1 3 FTE PM, #5555 HF
TR, KRBT PM, FEI T 18 3 K B BEIE % R 40
HIELRERE 1, X J2 PR PM, TR B A ) 5, A
ACAT D 41t 2 220 A1 0, i LR 2 4 i
WATRE SRR IARRE [ Ca™ s 454, TS 5
(A%, DI 5| S 2R (A 4 S P 5 R S 2R Y f
Ko 2R AR T RE RN 20 M B AR 25 ¥4 | e 235 A Al 3k )
YA PN B 1 A AR e 7R

ASE B % HK PK  PFK-1 1% PR [ 5
PM, i B HAT B b (R SRR OG . 456 SE g b oK BT
SRR 2 B PM, W R =y, X HLAAZ Bl
P50 0% N S T e (N BB U NS 2 0 [ RN =1
3 FPASIRI A B 7 PML, T VE X 38 Bl 3R 58 R LKA TS
2 AR B 520, o2 R 5 Bt AREZEAR R PM, 5
T TRV 2 g W) 8] -1z 3l )7 X128 B 4 fir-18 s X 4
Z I 6 R PRt B SRy R, oA i —
A BHAE PM, s 28 55 1915 Yo A58 i gl xf A (A (gt
PiE LRSS

B A SIS A5 R AT L (1) 3 Rk
1) PM, s % 5% 7] LASE I K BRI s A T 7 R 1, B AR
KEIIZSIEE ST ;(2) PM, Y48E /57 HK PK PFK-1 {if
PEBIR B sZ LA G e S A AL 25

BIEE R 2% (1982—), 5§, SR EH 2 EE S DH
T, 8 HR FEARITGAT AR EEE SRR 6 %
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