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B G A R (0.5 ml/kg), MFELARHAZE. b.
ANFFEG 10 200 40 me/kg) (K EE LA . ¥
DM T e A A b, 4% 0.5 mlkg AR
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1.5 FERzENE4HRE 4 5515 7 FO A8 iz B R 4 B AE [
B i 2 E

#4100 ml 4°C Filve (I JC B PBS W BTV 2=
(I, BEAREES, 10 min 5, W SN PBS
W, WETEOET, EHE 3K 4C. 2000 r/min
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RE2h J5, SIREEIRM, FHTA M PBS YE¥ 3 X,
LR NGRS M, R E O B4, s
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0.74 x10* Bq/L [PH] b ic IH [ |7 L 85 9% 24 h Ji5,
PBS ¥t 3 K. TGILIE & 50 mg/L #EEE AL
(ApoA 1) FRM PR B AN 12 h, AR KR
EASCR W 5 = 00R 4 i %) PHAH [T 5. R
BEL Y A HESRT PHY S PHI G TR+ 40 1) x
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HEAT 10 £ BE BERGRE . 4300 1EAT S5 I 5 & PCR Jx
N, RMNAEZR 25 ul, 7% Hot Star Taq Master Mix
(2x)12.5ul, PCR b N5 19 M AREF (10 wmol/L) %
0.3 ul, cDNA 4 ul, KB 2 &7 /K4ME 25 ul. PCR
PRl 95°C 10 min $43F Hot Star Taqg DNA
I, §IEIR 94C 405, 60C 70s, 3L 50 A
fEER. SEW 3 PCR R Y7L ABI7500 K I i &t
PCR #4 LT, SIWARE T Ll A9 T
A AR, ABCAL 519): L, 5 AGGAG-
GTGATGTTTCGAC 3', i, 5 AGCTCCATG-
GACTTGTTGA 3'; ABCAI #&4%l: 5 FAM-CTG-
GCAGTGAGCTATACTCG-TAMRA 3'. B-actin 5|
Y. Liif, 5 CCATCATCTTGCAGGAGCG 3/, F
Ut, 5 CTGGCAGTGAGCTATACTCG 3'; -actin
4. 5 FAM-ACGTTCAACACGCCGGCCAT-
TAMRA 3’13,
1.9 FEBRENTHEN ABCA1 EHRFTIE

PEWUIE E Bk T 20 SRR 4 1% 957 1 I
ELWE 4l i) S A . BCA MR TR A FUE /. B
50 pg B FRFEAR N 2xSDS e INFEZZ i,
FW AR A ARYE. ] 6% SDS- 5K T 4 Tk i B Ji
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B URENE SO MR A& Bor T X ek, B,
SE SR BRI Gy BT R G0 IR 4, AR B
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froa,
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SER AR (x £ 9)F0R, AL LGSR 5
PR K K9, JH SPSS 14.0 48 iF Bt 52 1
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oAy 0 4 HH B E AT GO S A T P8 22 AR 1 0 2
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A, AURKIER A5, 10, 20 mg/kg-d)F
BA SR BIEARDEER, BT W aErERE:
40 mg/kg-d BEALIL I TR IG IR H BEREIR, A8
TR AIE. 23— WE T wAEWX CHE J& 1%
MTFE Dhaesema. 2R Bon: XA,
10, 20 mg/kg-d(4) 7k 78.37 + 8.97, 60.85 + 6.21,
4847 + 5.07 (KU/L), ¥ P < 0.05) fil 40 mgkg -d
(24.26 + 3.59 (KU/L), P < 0.01)%F5E W W & 3k
I3 CHE 5 J1; #5541 ALT 6 7 i Ye 55 751 = (1)
BomAr s Eas, A 40 mg/kged LA
BN A 22 e gt E i (A il 115.74 + 9.23,
70.15 + 6.84(U/L), P<0.05); Cr fl BUN & %5l
HABO A ZE R G . I B i
CHE 75 Jy 3l fe 01 W, (H A 51 W I PR Hh 253
PR I T e 45347 11 77 5 (20 mg/kg-d)E A 525
FHE.
22 FRMBASERENESLWHRKEF M
K F IR

SR OGS R R A ) s e A WA
HEMRRN RS b 6 N H G, m RIS 6 AL
AHLEARE B AN (P < 0.05); mi iR+ 004 5 5
SCIRZAAH LA FE W] B A NP < 0.05);  BRALRZH AR
AR EZERICREN. S AML, e
HDL %2 & VERRAK, TC B PR HAH 22 2 A
WEM, TG, LDL KP4l zERr LR EME. 5
S} HRLAAR L, WR4LN TG TC A1 LDL ¥ 2% %
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FHE (3% P<0.01), HDL B WFt = (P<0.05). i
JEMRAAH LG, RFEAEM S R4 TG TC #1 LDL 3

BFMTHE (3 P<0.01), HDL W] & 7 & (P < 0.05)
(& 1).

Table 1 Effect of chlorpyrifos and high fat diet on the body weight (BW), the levels of TC, TG, LDL and HDL in rabbits

Groups BW/kg ¢(TC)/(mmol L) ¢(TG)/(mmol-L™) ¢(LDL)/(mmol*L™) c¢(HDL)/(mmol-L"")
C 2.96 £ 0.33 242+042 1.63 + 0.19 1.35+0.12 0.98 + 0.09
CPF 2.84 £ 0.26 231+023 1.68 + 0.37 141+ 0.17 0.69 + 0.074
HF 3.68 + 0.374 27.89 + 4.3344 4.90 + 0.7544 2291 + 8.7344 274+ 0.114
CPF+HF 3.53 £ 0.32° 29.12 + 7.08™ 5.06 + 0.87" 23.52 + 4.617 2.85 + 0.69"

New Zealand rabbits were treated with high-fat diet and CPF for 6 months. BW, CHE, TC, TG, LDL and HDL were measured respectively.

C: Control; CPF: Chlorpyrifos; HF: High-fat diet; CPF + HF: Chlorpyrifos + high-fat diet. Data are expressed as x+ s (n = 8). 4P <0.05, 44p < 0.01

vs the control group; “P < 0.05, "P < 0.01 ys the CPF group.

23 SBRMMSEREdSERNES CHE FH
FNRT S ThaERY £2 M

BEAEMAN IR A EB G 4 6 N H S, &5
BE 2 Fion: SxFMAALL, BP0 G i
CHE % 1 5 & ME B (P < 0.01), 11 i R+ 75 A0 41

5 R4 LI CHE 35 M 2 35 M PR (P < 0.01).
BRI CHE 36V W] W RRAT, (HEE S0 A B e 38
A I AT WUBE AR 25 2 TR B PR, AT
WEFL4E /N s, WLAREEISE. ALT. Cr f1 BUN
B SR A R A 2 S S L.

Table 2 Effect of chlorpyrifos and high fat diet on the activities of CHE
and ALT and the levels of blood Cr and BUN

Groups CHE/(kU-L") ALT/(U-L") ¢(Cr)/(pmol-L) ¢(BUN)/(mmol~L")
C 9227 + 8.36 7548 + 6.36 35.66 = 3.68 9.67 = 1.14
CPF 42.84 + 5.6244 88.67 + 9.41 3841 = 6.74 1035+ 1.20
HF 97.09 + 9.45 8291+ 7.05 36.20 = 5.54 9.04 = 0.76
CPF+HF 45.19 + 6.34" 87.39 + 8.11 3823+ 5.11 10.43 + 0.94

New Zealand rabbits were treated with high-fat diet and CPF for 6 months. The activities of CHE and ALT and the levels of
Cr and BUN in serum were measured. C: Control; CPF: Chlorpyrifos; HF: High-fat diet; CPF + HF: Chlorpyrifos + high-fat

diet. Data are expressed as x + s (n = 8). #4P<0.01 ps the control group; "P < 0.01 ys the high-fat diet group.

24 HBMASERXEMNZHRENKAS FET
pp=A)

W Ta Jirom:  FAHI UL ) HE 21 R 53 20 0 41 G
I 3= Bk P e B, WATTE G B iR
S 550 L LR BB 176 =2 6 = 0 Jok Py 2 T T i A A
AS BEH; miflg+ BRI = IR ALAH LG AS BEBR
TRREER. N MG A BT AR5 AT I F 55 AS i A2
DXk (G AT (2 X )y LA P T TR R 2 L
WA 1b Frs: i fR2 5% B4 AH B G 22 A i 3=
BNk AS P78 DI o i A5 P R THIRR 1) B 4 LG ek
PERIINP < 0.01); i flgel+ BEAE Mgl g 4L AH
=Bk AS 95748 D sk o i A P B TR B 40 b
wEEE P <0.01).
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Fig. 1 Effect of CPF and high fat diet on the development

of thoracic aorta atherosclerosis in rabbits
New Zealand rabbits were treated with high-fat diet and CPF for 6
months. (a) Representative photographs of thoracic aorta in rabbits. (b)
Quantification of plaque areas in thoracic aorta stained for lipid
deposition with Sudan IV. C: Control; CPF: Chlorpyrifos; HF: High-fat
diet; CPF + HF: Chlorpyrifos + high-fat diet. Data are expressed as x+s
(n = 8). #4P < 0.01 »s the control group; “P < 0.01 »s the high-fat diet
group.
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25 FMASEREMNZSHRDINKAS BT
gkl

W 2 Frs: X BTN EEZEI 20 S S5 5 ik Y
et s RS 6 HR A LL S sl ik 5 s T
B AS BEBRL,  BEH R IR B0 K 4T 4k 41141
B, RGBT, WEHEAINE, K2 HBEhp
BAT I B REIR AL, D BBEE AT IR/ T
AR IEAZ, A R e MR iR+ FEAE
W5 R ULAH LG AS BEBR TR SE K, JELRE
TR H E 2, TERR A4, BEdepy T I
KW FEIRIEAL, SRFERZ AT b PSR R
40%LL I, BEH Py ] OLBA AR AL, BEHR R I 1K
YRR DT, BIHUF SRR O, 25
BEH R ANER L P BB

HF HF+CPF

Fig. 2 Effect of CPF and high fat diet on the development
of common carotid artery atherosclerosis in rabbits
New Zealand rabbits were treated with high-fat diet and CPF for
6 months. Representative photographs of common carotid artery in
rabbits. C: Control; CPF: Chlorpyrifos; HF: High-fat diet; CPF +HF:

Chlorpyrifos + high-fat diet. Original magnifcation: x 200.
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iR BR(E 3): SXTAUHLE, w4
ABCAL ] mRNA FIEE R R0 w2 T s (P <
0.05), 1 #% SLIE 2 T IE ABCAL ff) mRNA F15 (4
FRIR L W M RR(P < 0.05); HER4iAdtL,
g + EACWRZH T E ABCAL ) mRNA Fl 2 )5 1)
Tk B E PP < 0.05).
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Fig. 3 Effect of CPF and high fat diet on the expression
of ABCAL in livers of rabbits

New Zealand rabbits were treated with high-fat diet and CPF for
6 months. (a) ABCAI mRNA expression was measured by real-time
quantitative PCR. (b) Western blot shows changes in protein expression
levels of ABCAL in livers of rabbits. (c) Histogram shows the level of
ABCAIl protein expression in livers of rabbits determined by
densitometric analysis. C: Control; CPF: Chlorpyrifos; HF: High-fat diet;
CPF + HF: Chlorpyrifos+ high-fat diet. Data are expressed as x+s(n = 8).
4P <0.05 ps the control group; "P< 0.05 ps the high-fat diet group.

27 BERMAMSEIREXN&HRE £ K
ABCA1mRNA FIEH RFIER N

iR 4 Pror: S0RAAELG, s iRdl s
Tk ABCA1 () mRNA F1EE (4 51 2255 W 2 1k
THE(P<0.05), fi #4005 40 46 I = 3 ik ABCAL 11
mRNA FlH [ 1) 205 3 M PR (P < 0.05); 5
ERALAHEE, w G + 2R A0 4 4R IR 80 ik ABCAL
[ mRNA Fl (0 08 5 25 PR (P < 0.05).
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Fig. 4 Effect of chlorpyrifos and high fat diet on the
expression of ABCA1 in abdominal aorta of rabbits
New Zealand rabbits were treated with high-fat diet and CPF for
6 months. (a) ABCA1 mRNA expression was measured by Real-time
quantitative PCR. (b) Western blot shows changes in protein expression
levels of ABCALI in abdominal aorta of rabbits. (c) Histogram shows the
level of ABCAI protein expression in abdominal aorta of rabbits
determined by densitometric analysis. C: Control; CPF: Chlorpyrifos;
HF: High-fat diet; CPF + HF: Chlorpyrifos + high-fat diet. Data are
expressed as x + s (n = 8). 4P < 0.05 vs the control group; "P < 0.05 vs

the high-fat diet group.

2.8 FHRMAMSREKENSHRERE K
ABCA1 mRNA FI&E B RFIERIFNE
5 A AL, w5 4L R 8 I B g
ABCAL ] mRNA FIEE [ 5 808 W 3 T (P <
0.05), 1 ¥ At 4 2H 4 I 1= 5 W 41 iz ABCAL 1)
mRNA AR 0T ) 3k B 35 PR PR AR (P < 0.05): 5
e R L AR L, R + 75 A0 00 4 A IR T D 40 g
ABCA1 ) mRNA FIHE [ 5T 0 334 0 2 PR PRI (P <
0.05)( 5).

‘A

Fig. 5 Effect of CPF and high fat diet on the expression

of ABCAL1 in peritoneal macrophages of rabbits
New Zealand rabbits were treated with high-fat diet and CPF for
6 months. (a) ABCA1 mRNA expression was measured by Real-time
quantitative PCR. (b) Western blot shows changes in protein expression
levels of ABCALI in abdominal aorta of rabbits. (c) Histogram shows the
level of ABCA1 protein expression in abdominal aorta of rabbits
determined by densitometric analysis. C: Control; CPF: Chlorpyrifos;
HF: High-fat diet; CPF + HF: Chlorpyrifos + high-fat diet. Data are
expressed as x + s (n = 8). 4P < 0.05 ps the control group; “P < 0.05 ps
the high-fat diet group.

29 HRBAMGSEXREXSHEEREER

EBEd:0pA

K FHPH] b vc E ] 0 5 24 4008 v = e il s B
W 20 RO [ ey %, S5 AR o ST RATAH L,
[ RN A S D O A B e e S e C b
(P <0.05), fy &5 FEm4H He I s 0 05 400 e I [it] P 9t
R B RRP <0.05); SEigAM, mlE+
BE AL 2 G I s 200 L ] Pt H 26 A 5 P PRI
(P<0.05).
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Fig. 6 Effect of chlorpyrifos and high fat diet on
cholesterol efflux in peritoneal macrophages of rabbits
New Zealand rabbits were treated with high-fat diet and CPF for
6 months. The peritoneal macrophages were assembled. Cellular
cholesterol efflux was analyzed as shown above. C: Control ; CPF:
Chlorpyrifos; HF: High-fat diet; CPF + HF: Chlorpyrifos + high-fat diet.
Data are expressed as x + s (n = 8). 4P < 0.05 vs the control group; "P <

0.05 vs the high-fat diet group.
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Subtoxicdose of Chlorpyrifos Down Regulates ABCA1 Expression
and Accelerates Formation of Atherosclerosis Induced
by The High Fat Diet in New Zealand Rabbits”

ZHOU Shou-Hong"?, YANG Xu-Hong?, SONG Tao?, WU Shu-Jin*?», HUANG Ning-Jiang>¥, LIU Li-Ying?"
(" Department of Physiology, School of Medicine, University of South China, Hengyang 421001;
2 Department of Pharmacology, School of Pharmaceutical Science, Central South University, Changsha 410078, China;
3 Department of Pharmacology, Shangsha Medical University, Changsha 4102194;
Y Department of Pharmacology, Yong Zhou Vocational Technical College, Yongzhou 425000)

Abstract In order to explore the effect of exposure to subtoxic dose of organophosphorus insecticide chlorpyrifos
on the formation of atherosclerosis induced by the high fat diet in New Zealand rabbits and analyze the possible
mechanisms, thirty two healthy male New Zealand rabbits were divided randomly into four groups: control,
high-fat diet, chlorpyrifos and high-fat diet + chlorpyrifos group. Subtoxic dose of chlorpyrifos (20 mg/kge+d) was
administered by lavage every day for six months. The levels of serum fat, activities of cholinesterase and alanine
aminotransferase, serum creatinine and blood urea nitrogen were measured respectively. The peritoneal
macrophages were assembled and cellular cholesterol efflux was analyzed. Area of atherosclerosis plaque of
thoracic aorta was measured by Sudan [V. Common carotid artery was fixed in formalin, sliced and HE dyed and
pathology analysis system was used. The expression of ABCA1 was detected by Real-time PCR and Western blot.
Compared with control group, serum TC, LDL and TG were singificantly increased and expressions of ABCALI in
liver, aorta and peritoneal macrophages were markedly increased and cholesterol efflux of peritoneal macrophages
was significantly increased in high-fat diet group. There was obvious atherosclerosis lesion in thoracic aorta and
common carotid artery in high-fat diet group. Compared with control group, activity of cholinesterase was
singificantly decreased, but there were no symptom of intoxation and injury of function of liver and kidney, and
level of HDL, expression of ABCA1 and cholesterol efflux were markedly decreased in chlorpyrifos group.
Compared with high-fat diet group, activity of cholinesterase was decreased, but there were no symptom of
intoxation and injury of function of liver and kidney, and expression of ABCA1 and cholesterol efflux were
singificantly decreased, the atherosclerosis lesion areas in thoracic aorta and common carotid artery were increased
in high-fat diet + chlorpyrifos group. These results suggest that a long time exposure to subtoxic dose of
chlorpyrifos may accelerate formation of atherosclerosis induced by high fat diet in New Zealand rabbits, which the

mechanism may be related to the decrease of ABCA1 expression and cholesterol efflux induced by chlorpyrifos.
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