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Abstract: The purpose of this study was to investigate the effects of fine particulate matter (PM, ;) combined with
multi-diet on glucose and lipid metabolism. Rats were fed with normal diet (ND), high-fat diet (HFD) and high-car-
bohydrate diet (HCD) for 2 months, and then exposed to PM,, (7 mg-kg™") through intratracheal instillation to ob-
serve whether PM, . exposure can cause abnormal glucose and lipid metabolism, liver damage and promote the de-
velopment of type 2 diabetes. The results showed that although short-term PM, exposure was not sufficient to
cause abnormal glucose tolerance and insulin resistance in rats, it had important effects on amino and nucleotide

glucose metabolic pathways. Combined with pathological observation, it was found that PM,  caused lipid vacuole
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in liver tissues of rats in ND and HFD groups, and the levels of total cholesterol (TC) and triglyceride (TG) were

significantly increased. In HCD group, liver cells were necrotic and C-reactive protein (CRP) level increased. This

study takes dietary factors into account and adds to the experimental evidence for the health effects of PM, ;.

Keywords: PM,;; diet; rat; glucolipid metabolism; liver; metabolite

ANZET0% ~90% H1& M5 XU ok B 2535 1A
FRIMAREE R 22 0 Bl 3T Tl Ak kB e, K
ARG YL S | 0K (fine particulate matter, LA
PM, ; MARER)JE A 35 A M fdt R 1) 32 2 1 58 XU 2
— B WATI AT R I PM, s 5505 PR 0 & AR
YIMHKE, PM, 5 H IR BE R340 10 pg-m™ 2 Ak
PRIGR I ZEIG I 1% P, 52 B2 UE 48 SR A
PM, 5 PR AN HI3E A IR AG IR, 5 | R i i R A 41 40
) A L SRR RN 2R AR T B 28 T 4™ ML
I NG D 2 2L 38 R B2 R I TEAR
“HH LA S0 25 0 B A, 5| R A B B A
HO B, ARG E T REAE PM, 5 15 & B PR
R IEE AR,

B st A4 FEPREE V5 Gy PR 2R A0, R R AR 2T 3R
231 L AR i R XU G, shy L gl 2R 3
H1,PM, s Fil i BRI B 3K G HI 25 T B A 0 R
5% ZEHRHU N A JUE 2 A B JHE R G 10 5 958 22 9 % 1
& B o AT 2 BB S A KU K
W8 A KA A P Rl 2 5 R K R AR 58 FIE
JESEIRIRENY S RS AE B R T AR ek
2 TG Y B0 i R T v Y A R A, A DAL
MRt — 2P0 5E . L, A SRR PM,s 55
REFE KA G 2 B Ph ]2 A5 X HLAAR P~ A 2
RL A 3 BRALN

JHFIEAE S A B K 1) 3 A B AR gt s | A2
S A A BRI A M A R B S ALAARAR
WA B VIAH G, PM, 258 I Al i J2 i &) 52 Bk
R E " JEFEARR IS A RE S R0 1 AR
YIRS, R IIRZ R AE YA E B
i — DA 7R FREE T e 55 A0 SR (1 N T8 SCHK , A4
FEGARIREQEHR &g =ik AKE ), 5K
PM, 5 %58 X} K BB R A5 A A e 52

1 ##57 % (Materials and methods)
1.1 PM,, 4H/r=1E

T 2019 4F 1 H—12 H, i & wm#E K 6 L-
min~' f) PM, ; K HFE &5 (BGI, USA)ULEE K PM,
F 47 mm QMA £ P i (Whatman, UK) I, &M

[ % A5 1 (HI 799—2016 . HJ 800—2016 . HJ 830—
2017), 43 Mt S i ik A K A 0Ot G i
WY PM, s FKEYER F R THICE MW E, Xt
PM, MBS 25 M 4T R AE™ A5G PM, 5 1Y SEM
F% 3h 12 EAR R Zeta HLOL, TRAHN PM, SRR 21l
&7 1 DL Y IR AR

1.2 PM,, W%

AT 2019 4E PM,, (9 4F ¥ #0064
mg-m” Bk H Y M R BT W . 2% Curbani
SEUEEST R ARUBORL Y AT T PM, 5 R R T A
A SD(Sprague-Dawley) R U4 2 4 0.250 kg,
IR 254 V,) 2R 2.100 mL 38R ( V)l 252.0 mL -
min”" WFIABAA(H N 120 min™, B T 75 56 bR % 55 26
B o KRR S DU T I EE | R s X
PM,  HISEBRIE A RN 75% 7 Ik Ah, % 1& 100 £%
AR T AP Y rE R R 7 mg-kg M H
T A o AR P A 2 2 8 BT A B AT RE TR A
PM, 5 FE et SR HE I D8 IS v g e ke 1) T4, ) R
20 K R T A B B MR KA
1.3 zhiykhba

STy 58 MOV SRR B Y8 i A R A R
S S — P I8 2 o S 50 3 ) 1 B S D 25 W A (AL
5 A2019-107-01), HEtE SD KB (n=72, KT &N
180 ~200 g,6 ~7 JE#)W [ HrifE BB K 2% 5L 55 3h 1)
Huls, SCEREYIREHL N 6 AR 12 KL IEW IR E
+X B(ND-CON) ; 1E # A £ +PM, (ND-PM) ; (= 5 1k
B +%F H(HFD-CON) ; =5 AR X +PM, ;(HFD-PM) ; 5
WRAKAL S Y1k £+ %) B (HCD-CON) ; & 5k K Ak & )
TR +PM, (HCD-PM), sh¥H%5 T 12 h B IEH
AIREE T 2 IR (24 +2) °C TR M (50+5)% ,
EWAPERISE 7 d 5 He BRSE G o 20 PR AL A s B A
i KA A PR R AR A B LR 1
SIS TR AS BIR i) K B K i, 45 AL RHIL 45 A ]
[ SRR T i A8 Ak, MR 8 JA e, fiff <A T 1
BULEE A3 R —IK, A8 R, R YL E T W I
ESCES, AR AR RS IV IIE R A
1.4 B AR bR

KA AEEK 14 h )5, L 50% 45 B Sk
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E S (R KECH], RIE R 2 g-kg™), BEIORRIE
B HTFIE S )5 30 60,120 min, {31 1% [C(ROCHE)H
4 SR AR I AR {SORD IR AR, 26 R SR il 0 2 I AR
{E, AR I B 2 T I35 IR B R K- AR R I R
JBHE ¥ (insulin sensitivity index, IST)FI%& A4 Y 5k 5
ZHEPTF8 £ (homeostasis model assessment resistance
index, HOMA-IR)" 7 8/, 40F .
ISI = -In (FBGXFINS) (1)
HOMA-IR = (FBGXFINS)22.5 @)
A1 FBG %5 I M 7K F- (mmol - L™ ) FINS %8
JE I 2K (mU- L),
1.5 AR 2= bt
FEMRE S AT AL B |, R = RO A 1 R
4 (85, Agilent 1290 Infinity LC) #4720 #1. Wizh
M. A /K425 mmol - L™ & 7K +25 mmol-L™' Z,
W% B NN, sk RRE R 25 CHE R 0.3
mL-min™", B EEYEBAEF U R0 ~ 0.5 min, 95%
B;0.5 ~7 min, B M\ 95% &AL & 65% ;7 ~ 8
min, B M 65% P25 ML %= 40% ;8 ~9 min, B ZEF
1E 40% ;9 ~9.1 min, B M 40% kA5 4L & 95% ;9.1
~12 min,B 4EHFLE 95% , BESTELHEIR 6550 ik
ASCIR) HEL % 25 FL 28 U ) IE/ B S AR R, SR
AL (145, AB Triple TOF 6600) %8 & ¢ it 49y
A R g AR AR T B gy
% (MetDDA F1 LipDDA )% 5 Il i) 23 454

®1 KRAREMER

Table 1 Composition of rat feed

Ingfims HFD/%®  HCD/%

KIZ3l Soybean oil 5 -

Hi Lard 20 -

FKFEH Corn starch - 15

WEHE Sucrose - 10

IR Yolk powder 15 15

fi§ & 1 Casein 5 5

H[#E B Cholesterol 12 12

RRER4M Sodium cholate 02 02

KR Z4T Calcium bicarbonate 06 0.6

FYEFFI £l Rat maintenance feed 53 53

T "R 100 g kL 35 A7 JSURHI B ik (g) s HED 2R MR IR
HCD £R ik (L& ik e,
Note:  represents grams of materials per 100 g of feed; HFD represents

high fat diet; HCD represents high carbohydrate diet.

1.6 JHFHEZ 4055 i~ %

PR B2 4% 2R W R e K e, B
HUEAT A AL SRR AR DT S mm JE A #R T
IR AN - LT (H&E) Y o, 7662 WU T %
HLVEERYERAE AT IRA
1.7  AAeFE bR E

IR ORI BN R F B 20 min, T4 °C .8 000 r
-min”' B0 15 min B JE ORISR L3 AR 5 RO
bl ELISA il 12551 & (R o AR ) TR 5 i) Y
T BH 0 5 [ 5 25 (INS) F1 C-J ) 25 11 (CRP) 19 7K F- .
KERIFAEH LS 4 °C A W BEIR 55 5% vh s e B
WL 12 10 (g-mL ™)l AL VA3, 250 B b T
VR TR H i =R (TG) ALEIH [ BE(TC), PFA T
Tifig,

1.8 Giitortr

FIFHAAHL B HE AL (Pareto-scaling ) X1 15 47 5k
P AEAT A0 B SR 5 15 FH D fe /1N 3 % 031) 43 BT 125 (PLS-
DA)YSHT, Bl B A P B s i A KEGG Ui /2
Jf(i I Fisher’ s Exact Test §ifi 125 F 7F ) #0 [] 3 % .
fdiFf IBM SPSS Statistics 24 (Chicago, USA)#E174¢
AT s Y 05 S Y B = bR o 22 19 O RO
2 ZH B 1] Y Lo B fiff B R 38 5 25 3%, i Tukey
HIGKE , * P<0.05 Fll* * P<0.01 {434 [a] 22 7 A
EEN -9

2 Z55E (Results)
2.1 PM,, fb2# 450 3RAE

MRYEHTIABESY , A 117 2018 4F PM,; K
PEE T IR EE R A > >F > E L,
PM,, "H 4 J8 Cu.Pb Ni Hl Sb &b T~ %% i/ ¥k J&F /K
F-,Co ,Cd Bi Al Sn &b FHALAK TR %S pi i
TSR PM, 453", ARWF 58 L B Ay
T 2019 4F 4 H ) PM, BESL, X FEEAY EHLIC
FRAKEMER W SR T . gl 1 s, oAl
BTl Ca (421 pg-m™) > Si (3.15 pg-
m~) > Na (2.50 pg-m~) > Al (0.71 pg-m™) > K
(048 pg-m™) > Zn (043 ug-m™) > Cl (0.36 pg-
m~) > As (0.15 wg-m™) > Se (0.12 pg-m™), KiF
PEBS PRS- E N Na'(16.2 wg-m™) > C17(6.25
pg-m~) > S0, (577 pg-m™) > NO;(5.11 pg-m™)
> Ca**(2.74 pg-m™) > K" (233 uwg-m™) > NH,(1.74
pg-m™) > F7(1.165 pg-m™),
2.2 PM,; XPAS AR R R o £ B I F) 52 il

PM, ¢ [ AS [ R F e R B ST 5 % It A 1 5%
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M 2 fros, WE 2 a) i, iR E 4ok R
(HFD-CON Fl HFD-PM) ) {4 J57 5 378 v 1 Hofth 2 4,
B KAL A Y1 40 (HCD-CON I HCD-PM) i 5
FIEH IR EY1(ND-CON F1 ND-PM), 156 B 1% & X} F
PRI A W A, BE SCIR T, PM, R 5%
X K SR A B s A — e R, 56 5 LR, IE R IR
AR IR AL, X R R AR T i T PM,
FRERAL, T = A K AL A W AL X B AL 2 R R
o TIROBH I 5 52 50 25 SR 0 &1 2(b) B s, BT R I
MRG0 AR fE i 26, ih 2 256 TG TR,
HL7E 30 min B, 25 20 10 58 31 0 g A, EE AR
K F,3 FFK & X BE 41 (ND-CON , HFD-CON il
HCD-CON) (1 IfiL ¥ {8 ¥ i T PM,, % &% 41 (ND-
PM HFD-PM Fl HCD-PM), L iABLEL EW], PM,

(a)
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TR T HOR BUR BT & T B, [ B 18 al A B i
KPR
2.3 PM, XA [R)ERE R BRI 2R U R £l 2
W 2 PR KR E AR RIS T4 N g, &
PSR TG % 25 5 PM,, B8R S50 ND 41
HFD 21 %25 8 Ji &) R /K7 5 3% F B s ND 4R R
HOME-IR Fl ISI #5453 PM, ; %0022 53 HA Guit2#
2.4 PM, XASRRE R BRI r 5200
HRAIRFE PM, 5 %48 B AR 15 1 B2 i W] BB 52
M) , SR FH AR $E AR A 20 2% AR T 6t 28 2 AR,
M E ) E R F i i /)y 3 5500 o A
(PLS-DA)XT 25 2l (AR I P iE A7 58 51, PM, 5 B8 40
55t BRI B 2 1 IX 43R 3),

1 PM,, HENMERRKBEETF

Fig. 1
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Fig.2 Trend chart of body weight and glucose tolerance
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%2 PM,, ¥ AFREXAR FBG FINS,HOME-IR ISI K $0
Table 2  Effects of PM, on FBG, FINS, HOME-IR and ISI in rats with different diets

20531

Groups FBG FINS HOMA-IR IST
ND-CON 8.04x156 13.84x1233 4910386 -469+0.18

ND-PM 8.75+1.56 959+1.66" " 3.73+087" -440+027"
HFD-CON 835093 1223+0.63 456+0.73 -462+0.15
HFD-PM 799058 10.14x1.53" 3.62+0.72 -438+0.19
HCD-CON 6.57+0.75 1126+0.49 3294041 -430+0.13
HCD-PM 820083 1101+1.64 3954022 -449+0.06

. FBG X3 M U, B4k mmol -L~"  FINS R4 E IS 3, 07 mU-L™' , HOME-IR A2 H [ 17 FHCHUHE 40, IST AR F R F
TSR 4 B Y A S AR 1ERE 0 = 5 ~ 8 #EATLLN [ (ND-CON vs. ND-PM; HFD-CON vs. HFD-PM; HCD-CON vs. HCD-PM);* "~

I3t P<0.05 P<001,

Note: FBG represents fasting blood glucose, and the unit is mmol+L™"; FINS represents fasting insulin, and the unit is mU-L™'; HOME-IR represents ho-

meostasis model assessment resistance index, and ISI represents insulin sensitivity index; the values of each group are meanzstandard deviation, n = 5 ~

8; within-group comparisons were performed (ND-CON vs. ND-PM; HFD-CON vs. HFD-PM; HCD-CON vs. HCD-PM); * , " *

respectively.

20r

e ND-PM

(a) .
m ND-CON 20
[ )
4 10
|
| | ~ 0

201

mean P<0.05, P<0.01

e ND-PM
= ND-CON

%

=20 \ /
20  -10 0 10 20 30 20 -10 0 10 20 30
{[1] ]
© * HFD-PM 2 (d - e HFD-PM
| HEDCON = HFD-CON
) 10 -
| | ) — .
® o® \ =0 [ ...
g 0 =
. -10 -
-10T [} u
- |
=20 -20 /
20 0 20 20 -10 0 10 2
{[1] 0]
3 RiMHSEITHRE

T : (a) ~ () IE/ B T4 ND 4HACHH PCA-DA #4531 5 (¢) ~ (d)IE/ B 78T HFD ZH/U%) PCA-DA 1853141,
Fig. 3  Statistical test of metabolites

Note: (a) ~ (b) PCA-DA score plot of ND group metabolites in positive and negative mode; (c) ~ (d) PCA-DA score plot

of HFD group metabolites in positive and negative mode.
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PM, , 55 ND 41 F1 HFD 2 K SRR I 2% 1 i
ARUNE 4 s, FEIE S B TR 280 ND 4145 37
AMEESY, Kb 7 A & & L5, 30
ARSI & R M HED 40384 20 4 25 25 A0
W, 19 MR LT 1 AR T HCD 4%
BT 81 Ff, Horb 67 AT E T, 14 MUY R
RS BT k22 SR, KEGG i 5 S 45 R
WE 4 fr7s, ND 4L f HFD 4 /0 & 45 22 50
B 22 ()38 5 240 A A S RO R M AR 15 38 %% HCD
1% ABC s Il i ok 1 25 TE LA T e iR
R R HT A 5
2.5  PM, XN AR R BRUFREG BH AR A6 1452 i)

WENEAERERR G B rp R B, 3 — 2
PRIE PM, s XA SZMA . K R 0 20 2 45 4 2l
AR HE Jea i nE 5 frx, ND-CON gl 45 5 e 5
(@7, 20 3 DA e 8 ok Sy e S CRIRHE S
JHF 440 it 2 00 HIR [0 S5 R i 0 iy 5% 20 29 45 A S A TE
ifii ND-PM 41 (/& 5(b))5 HFD-CON 4.(I& 5(c)), #4%
JHF AR Hr BRI T 36 TR ARl A A e S A%
M5 A ML R JE 4. 5 HFD-CON 41 X i 1)
HFD-PM 4 (& 5(d)), -4t A PN B o 2 10 4 25 36 K
IR AR B ERAE B K IR 25 R 5
(e)FIE 5(f) 7, HCD-CON ZH /< A8 ik T 106 s 5k v
IR, NELS v & B0/ AR IR BE , A7 76 40 A%
I 46 R0 40 A% R 24 1) IR 42, HCD-PM 41 <0457 i 7
PM, ;, &I 52 28 58 HL ] B v 50 0l 20 20 g, JHF 4 40
R I,

2.6 PM, XA AR R BRUAE A AR AR Y 52 0]

R A I BRI I0E 2 20 B 45, 6 B TG, TC M
CRP #F— PP A DGR fh (K 6), 45K ND Al
HFD K240 i A2 b A5 DL 258, PM, 5 22 8 41 TG Fil
TC KFH B & & XA, SR PM,, 5 &Rk
AR E YRR B, s 4845 9 K FHs . CRP
F AR R APERR R, 0T LR R G RAE KT
AT DURBLIE B AR 240 N 22 708 Bk 3 1% ; HFD-PM 4
% T HFD-CON #{; HCD-PM #1 i % = T HCD-
CON 41,

3 iFit ( Discussion)

PM, ; 28 SO RUAT BEJETH 85 JR FEAE , 7T A
S PM Xk BRBIL A B 45 03 AT SR 8L U
R, BATISCIA PM, o 343595 5 G40 A
RAERFE JFH PM, o I HFD B4 15 I T S 208

i it S B ARG T PM, % 5 S EOK BRI
AR R WA 5 2 MR G W e 22 5%, mTRE
5 PM,, BERHA 8 YRR A L LU 1
W= A R ™ gk Ak ND 21 HFD 21 5 %
IR 435 R B (P<0.05), Long 452 & ¥ PM, ; %% 5%
SN PR RACE TR, SAC—3, BA
PM, s % 5% IR 1 B0 3 BB B 524, {3 KEGG
BTN EIE A IR R e 4
i 2 S R 2 . ORI — R0 5 41
Pt S HR B SR UM A 5 2 s 2 — | PR b
Oy TR — AR IR SR IE B, R N AT
TRETR S AT —WER 5 A R BRLE S Sk R
RiHE Y | JE S A T e it i AR B X,
I BERA  PM, . 88 % ND 411 HFD 25 FUBEAC i1
i A B R

JEFRIEAE SR A R AR ) T2 235 BT, I ) R B 4%
A T AR RS, PM, 88 S5 TS VA
5,5 AT E T AR AR Y Qin ZEPIA
i HFD 1 PM, 5 %% 2 (WA 00T 5 8018 Wi e 1)
R, HE M fk & BRSO TE B, AR SCRY &5 R R,
PM, ; A 52 ND 41 F1 HFD 20 (1)K U IE 8 BLAE o
2390, HLHFD 411 B0 8 R Atk iR He br itk
—IFSE, TG #1 TC 1£ ND 21 #1 HFD 2H &+,
XS5 REH PM, ; BESIA S IE W IR M IR k&
K ERFF A BRE AE  , HL  Ae k & n 1 g S
., X F HCD 41,PM, % &% B0 ] F 5 80K BUIF
WEANMOIRE B0 28 B, Sk 1 — 2 R 5T 1% BE
WU BRI CRP AE N RAIEVRED) , WEE PM, 5 Z& T8 XT
KRR R R T KRS 545 4 A% HE 2H A
Lt ,HCD-PM 4% CRP /K- i 3 b F+(P<0.01), ifif
HFD-PM 4 CRP .3 T [ (P<0.05), PM,; Z5G 5
WK IR IE T CRP YA, I i IR IR & 2 B0 e
JHERTREIE TR RMERI0T . 25 1 PM, 5 ZRERXTA
VAR B R U B SE MR TR) AR SR i A 15
HEAE ,PM, s 175 SR G A AR SCHL I 75 i —
ST

TEARWFFE % 8 T 2R BN R QER I
BRAKAL S IR, 4898 PM, . 5 2 XP RS AR 0 5
Wi, Z5SRE AR PM,, B ERA R AT K R
H B S )RR S ORI BB, (U X ND
411 HFD 20 K BRUBE Q35538 B% A EE 252 9, ND
HFD (% K B IE if g 78 4% TG #1 TC KTt =,
HCD K RMUIAREFREY) CRP /KF-F+ 5, PM, 5 Xt
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Factor
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Fig. 4 PM,;-induced changes in metabolic pathways in rats with ND and HFD diets
HFD HCD
R G5 U LERT AT AT ST EegTL
ﬂ %\f‘é;?‘é ‘gggh‘r; :’9 P g S -g‘&t“
AR B N v B M s [/ PA Y » =1
%’g’%&ﬁ R4 [ Al ',":' ."QQ. ’b

B e P O K]
A I AP RSN
TR RGN 7

&5

K RAFAER HE & E F (x400)
7 : (a) ~ ()7 #1183 ND-CON ,ND-PM ,HFD-CON ,HFD-PM ,HCD-CON \HCD-PM 41 ; 1% 2 1 S5 45 7 4N MO A PR 24 | JFF 4T MR 5T 5
SR SLAR TR BUAS 0, BERUR TSR (5 B AR A T R AR P s 20 AR Sk I i afL s
Fig. 5 HE staining of rat liver (x400)
Note: (a) ~ (f) represent ND-CON, ND-PM, HFD-CON, HFD-PM, HCD-CON and HCD-PM groups respectively; the blue arrow points to

nuclear fragmentation and necrosis of liver cells; the green arrow points to the lipid vacuole, which is suspected to be the site of steatosis;

the yellow arrow points to lipid denaturation; the red arrow points to the congestion point.
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Note: TG stands for triglyceride, TC stands for total cholesterol, and CRP stands for C-reactive protein;

compared with the control group, *, * * represent P<0.05, P<0.01, respectively.

ARV R B I A A B2 e AN ), %o T R
AR, TE PM, 5 {59 RIREE T, A N1 RE S 1 i 4
IR R A G — R A AR R XU . AR — 24
FET PM, 5 fEBR AN 19 S S04 , A BLRE o (R 47 A
THERE S,

BEEEEN . FAE092—), %, - TEEF, £ 25
R @A R,

HEBEEEE N FEIT967—), F, M+, #it, 25
KA QAT E M,

2 % 3Lk ( References) :
[1] Rappaport S M, Smith M T. Epidemiology. Environment
and disease risks [J]. Science, 2010, 330(6003): 460-461
B R, BN, 4. PM, 28 IR R R T
X/ BB A [/ 52 e [J]. fb2F 5 49 T A2, 2018,
35(12): 14-19

LuM M, Song J, Lu X X, et al. Different influences of

PM, s on mouse liver through dermal exposure and intra-

(2]

tracheal instillation [J]. Chemistry & Bioengineering,
2018, 35(12): 14-19 (in Chinese)
[3] LiuFF, Chen G B, Huo W Q, et al. Associations between
long-term exposure to ambient air pollution and risk of
type 2 diabetes mellitus: A systematic review and meta-a-
nalysis [J]. Environmental Pollution, 2019, 252 (Pt B):
1235-1245
R SCE, B4 i 85, oA M, 5 2 UM SRR 3% 2 (5
HERE[]. FRIE S B BESA, 2017, 34(7): 653-656

Shi W M, Zhao Z H. Review on associations between am-

[4]

[5]

(7]

(8]

(10]

bient fine particulate matters and type 2 diabetes mellitus
[J]. Journal of Environmental & Occupational Medicine,
2017, 34(7): 653-656 (in Chinese)

Hao J, Huang K P, Chen C, et al. Polydatin improves glu-
cose and lipid metabolisms in insulin-resistant HepG2
cells through the AMPK pathway [J]. Biological & Phar-
maceutical Bulletin, 2018, 41(6): 891-898

Sun Q H, Yue P B, Deiuliis J A, et al. Ambient air pollu-
tion exaggerates adipose inflammation and insulin resist-
ance in a mouse model of diet-induced obesity [J]. Circu-
lation, 2009, 119(4): 538-546

Hasslof H, Molnar P, Andersson E M, et al. Long-term
exposure to air pollution and atherosclerosis in the carotid
arteries in the Malmé diet and cancer cohort [J]. Environ-
mental Research, 2020, 191: 110095

Liu F F, Chen G B, Huo W Q, et al. Associations between
long-term exposure to ambient air pollution and risk of
type 2 diabetes mellitus: A systematic review and meta-a-
nalysis [J]. Environmental Pollution, 2019, 252 (Pt B):
1235-1245

Qin X D, Qian Z M, Vaughn M G, et al. Gender-specific
differences of interaction between obesity and air pollu-
tion on stroke and cardiovascular diseases in Chinese a-
dults from a high pollution range area: A large population
based cross sectional study [J]. The Science of the Total
Environment, 2015, 529: 243-248

WA, Tk, 22 2R, . mIR AR A KA
TR I BN 7 A ) 52 0 (D). Bl 8 7 24k, 2017,
29(7): 2603-2612

Yang Y, Wang W W, Li A K, et al. Effects of high fat diet
and high carbohydrate diet on fat metabolism of rats [J].



XUHRAEAF . PM, 5 DRI RV ARCE0S R BRI 1 QI 52 1

477

(1]

[13]

[14]

[16]

[17]

(18]

[19]

Chinese Journal of Animal Nutrition, 2017, 29(7): 2603-
2612 (in Chinese)
Zhang J S, Cai L, Gui Z H, et al. Air pollution-associated
blood pressure may be modified by diet among children
in Guangzhou, China [J]. Journal of Hypertension, 2020,
38(11): 2215-2222
Chen C, Hayden K M, Kaufman J D, et al. Adherence to
a MIND-like dietary pattern, long-term exposure to fine
particulate matter air pollution, and MRI-based measures
of brain volume: The women’ s health initiative memory
study-MRI [J]. Environmental Health Perspectives, 2021,
129(12): 127008
Li R, Wang Y X, Chen R C, et al. Ambient fine particu-
late matter disrupts hepatic circadian oscillation and lipid
metabolism in a mouse model [J]. Environmental Pollu-
tion, 2020, 262: 114179
X H W, S, ZR 5 M. JEREARAR IS ZH 27 05 1 52 )
IR, 2595372, 2019, 39(1): 86-93
Liu Y T, Hu Y H, Qin X M. Analysis of influencing fac-
tors in untargeted metabolomics study [J]. Chinese Journal
of Pharmaceutical Analysis, 2019, 39(1): 86-93 (in Chi-
nese)
Liu J H, Su X H, Lu J J, et al. PM,; induces intestinal
damage by affecting gut microbiota and metabolites of
rats fed a high-carbohydrate diet [J]. Environmental Pollu-
tion, 2021, 279: 116849
4 R, G, THSE, AW T PM, P EER
15 YL S AR RS PEMY 1], A58 4627, 2020, 39(6): 1716-
1725
Ren H Q, LuJ J, Ning J Y, et al. Pollution and health risk
assessment of heavy metals in PM, of Shihezi City [J].
Environmental Chemistry, 2020, 39 (6): 1716-1725 (in
Chinese)
Curbani F, de Oliveira Busato F, do Nascimento M M, et
al. Inhale, exhale: Why particulate matter exposure in ani-
mal models are so acute? [J]. Environmental Pollution,
2019, 251: 230-237
Jin X T, Su H L, Ding G B, et al. Exposure to ambient
fine particles causes abnormal energy metabolism and
ATP decrease in lung tissues [J]. Chemosphere, 2019,
224:29-38
NiuJ M, Xu G Y, Jiang S, et al. In vitro antioxidant ac-
tivities and anti-diabetic effect of a polysaccharide from
Schisandra sphenanthera in rats with type 2 diabetes [J].

International Journal of Biological Macromolecules, 2017,

(20]

[21]

[22]

(23]

[24]

(25]

(26]

[27]

94(Pt A): 154-160

Rostamkhani F, Zardooz H, Zahediasl S, et al. Compari-
son of the effects of acute and chronic psychological
stress on metabolic features in rats [J]. Journal of Zhe-
jiang University Science B, 2012, 13(11): 904-912

Chen J D, Lu J J, Ning J Y, et al. Pollution characteristics,
sources, and risk assessment of heavy metals and perflu-
orinated compounds in PM, in the major industrial city
of northern Xinjiang, China [J]. Air Quality, Atmosphere
& Health, 2019, 12(8): 909-918

Longhin E, Holme J A, Gutzkow K B, et al. Cell cycle al-
terations induced by urban PM,; in bronchial epithelial
cells: Characterization of the process and possible mecha-
nisms involved [J]. Particle and Fibre Toxicology, 2013,
10: 63

Goettems-Fiorin P B, Grochanke B S, Baldissera F G, et
al. Fine particulate matter potentiates type 2 diabetes de-
velopment in high-fat diet-treated mice: Stress response
and extracellular to intracellular HSP70 ratio analysis [J].
Journal of Physiology and Biochemistry, 2016, 72 (4):
643-656

XU, FoRra, A, S R AR S S PM, 5 BRG
B of 2 A B LR i O A 52 R0 [ 7). BRI S5 4 e
&, 2020, 37(3): 222-227, 283

Liu C, Wang X R, Bian J J, et al. Effects of high-fat diet
and real-time PM, s inhalation in combination on glucose
and lipid metabolism in rats in pregnancy and lactation
[J]. Journal of Environment and Health, 2020, 37(3): 222-
227, 283 (in Chinese)

Costa Beber L C, da Silva M O A F, dos Santos A B, et
al. The association of subchronic exposure to low concen-
tration of PM, ; and high-fat diet potentiates glucose intol-
erance development, by impairing adipose tissue antioxi-
dant defense and eHSP72 levels [J]. Environmental Sci-
ence and Pollution Research International, 2020, 27(25):
32006-32016

Long M H, Zhang C, Xu D Q, et al. PM, ; aggravates dia-
betes via the systemically activated IL-6-mediated STAT3/
SOCS3 pathway in rats’ liver [J]. Environmental Pollu-
tion, 2020, 256: 113342

Li W Y, Dorans K S, Wilker E H, et al. Residential prox-
imity to major roadways, fine particulate matter, and he-
patic steatosis: The framingham heart study [J]. American
Journal of Epidemiology, 2017, 186(7): 857-865 L 2





