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K2 31k eNOSmRNA k7K 3 155 (P<0.05) . S5%FHE K ATV 4151 ELA , ATV+L-NAME £ K SRl i34 71 = W i (P<0.05),
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Effect of nitric oxide on the antiatherogenic course of atorvastatin
Liu Xing,Ma Dongming,Zhu Bo,Zha Kelan ,Chen Yujin,Zheng Shuzhan ,Ca Yihua,Yang You,Fan Zhongcai
(Department of Cardiology ,The Affiliated Hospital of Luzhou Medical College )

[ Abstract]Objective : To investigate antiatherosclerosis effect of atorvastatin in atherosclerosis model of SD rats,and to explore effect of
nitric oxide in this course. Methods : Totally 60 male SD rats were divided into 4 groups randomly: control group,high—fat(HF) group,
atorvastatin (ATV) group,and ATV+ N’ —nitro—L—arginine—methyl ester hydrochloride (L-NAME) group. After being fed a high—fat
diet, the rats were treated with ATV and ATV combined with L-NAME from 13 to 15 weeks, respectively. Pathologic changes of aortic
arch were observed. Serum lipid level was determined. Furthermore, nitric oxide(NO) , total nitric oxide synthase(T-NOS) , endothelial
nitric oxide synthase (eNOS) and eNOSmRNA were also determined. Results:The classical atherosclerotic lesions were fund in HF
group and ATV+ L-NAME group,not in control group;serum lipid in the HF group was significantly altered (P<0.05). Levels of serum
NO, eNOS, vitality of serous T-NOS and mRNA levels of eNOS in the HF group were decreased(P<0.05). Compared with those of HF
group, atherosclerotic lesions were ameliorated in the ATV group. Serum lipid in the ATV group were significantly decreased(P<0.05).
Serum NO,eNOS, vitality of serous T-NOS and mRNA levels of eNOS in the ATV group were elevated (P<0.05). Compared with
those in ATV group,serum lipid levels in the ATV+ L-NAME group were significantly elevated (P<0.05) ;serum NO,eNOS, and vitality
of serous T-NOS in the ATV+L-NAME group were decreased (P<0.05). Conclusion ; Atorvastatin significantly enhances the activity
of serum nitric oxide system. The blockage of nitric oxide pathway significantly bates antiatherosclerosis of atorvastatin.
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AWTIE R I AT 225 E T 5 N Bt —4R
AL E A B (endothelial nitric oxide synthase,eNOS) &
FREYISN A TT 225 T 8 3 B ok LB -3 3l AR
PTG Akt 75 fLeNOS®, {2 1 AMREZE AL
{55, — % L& (nitric oxide, NO)ZEMLTT 2254
Prah koAb B AL AR v R e 2w, AR
S I HE T KBRS IR A A AL A | DA BT HE AR
7145 (atorvastatin, ATV ) 1 eNOS #JIil] 1] N” -7 Jt -
L—45 & IR H B8 £L R 8 (N —nitro—L-arginie methyl
ester, L-NAME) #E47 T ¥ , #F i WLE A1 PEA NO {4
RIEBTFEAAMLT TS b0 sh bk sk RERE AL TR PR

1 #EIAE

1.1 A5 5

e FRekEME SD KR 60 2 AT 180~220 g, Hi U1 2R}
NG5 U e SN A e 57 L B S D B QM I E 1= 1
YEAFAE (22 £2) CHRHBEE N 30%~60%, BIFEAABTTES
(AU M B AT BRA 7], 10 mg, L5 110618) ,L-NAME
(POARID AT B 27 (1) A A IR L1 g, 41t51418459V) ,
NO Flli—5 L & Al (total-nitric oxide synthase, T-NOS)#;
TR & (Rt g AR TREFSTIT) , KL eNOS ELISA i
R (I EAYRHARATD
12 Fi
1.2.1 KRS RERE AR sy AL FE 60 H K Lk
AR 4 4H AR TE X EZH (Control 4H) , IR EZH (HF4H) ,
BIFEARALTTE5 4L (ATV 41, BTHRARATT 85+ N -Tg 25 -L—HK
IR W R ER 4L (ATV+ L-NAME 41) , 541 15 HRR, &
TR REIHA R 15 J, TE X B R BRUA 2 LA R BRI IR 7
oAl S50 20 R BRI AR 45 = RE DR (BE 7« 2% IR [E 1, 10%
TR SUHHM , 109054 | 72.3% 538 A FURDRIS ) B 55 ATV
AR 11 HPIIF IR L 15 ARG THILRMITAS 5 me/
(kg-d)FEHE . ATV+ L-NAME 7655 11 AWIT IR 25 15 4
KRG T BTHEARALTTE5 5 mg/(kg-d) &b, BHIMA L-NAME
15 mg/(kg-d)BE MG, (R A IE 3 X6 REZE w45 7708 15 R I
SRR 0.9%EBEERK

SIS R 45 4K R 45 T I8 B T ) 10% S R
(0.1 ml/100 g) FREFFHALFE . 83 TSIk ZERIRAE 1 ml
FaAs . AFA0457 8 EBIKS ARG T-80°CLL& H.,
122 REUMIEACE M WFRES 10 R 15 AR
A AR BRI g . AR BERES #E 4 CFESO 10 min
(3 000 r/min) , SRS LI, A A BhAAksTX Hitach-
70603 52 B JH [F B (total cholesterol, TC) , H ¥ — i (triglyc—
eride, TG) %5 I8 45 FH AH T EE (low density lipoprotein cho—
lesterin, LDL~C.) 175 % FE i 45 11 IR B (high density lipopro—
tein cholesterol , HDL~-C) /K-, TC Fl TG % H % HiBE:  LDL-
C M HDL-C R E#:,
123 KEESIPRSHREIME  REBR S T sh kgiE 22

VI 4 wm JEYI R 985 T H&E 4L, 800085 T W41
ek, SIS RIS 2 R Lol A B T g
FPPALG AT A J i 8388 a8 J R L
1.2.4  Ifil NO . T-NOS F1eNOS [9ill%E (1) IMLiE NO 1 550 nm
TN E | BOEE F- BB NO %5, NO % & (wmol/L)
= (A WO 25 FUE OB ) /(BRI OG-8 S T
FEIE ) b i R FE (100 umol/L) sAE it I i s A 4 (2
TRULA AR ETHIA50) o (2) i T-NOS F4M ot i1
530 nm A0 E . T-NOS 1 77 (U/ml)=(T-NOS il % OD 8-
23 198 OD fB) x SRS RRY (5 G 98 BE 7R T DIt 2R 8K
WU x H @ AR x BN I TR] x 1 000) =(T-NOS il % 45 0D
-2 A OD {H )x 2.44/(38.3 x 10 x0.03 x 1 x 15 x 1 000)
(ZHBHEHBFFIANX), (3)IE eNOS it ELISA 35 &
7E 450 nm 4t LATEFRIY SPECTRUM 4 BERCFL A2 D60 1 1
e
1.2.5 Real-time PCR Jl|%F eNOSmRNA £ 50 mg 4 331k
ZHZU TRIzol 3755 DNasel 2P/ HEH RNA, I AR ELUAY
RNA (2 pug) VE R AR 1) FH & 3t i 1 2 L Jea o 343 300 4 S il 2
TP 55 . A U cDNA(2 wl)55E0F PCR SYBR Green 1 i
TR (25 ), /AU A 5147 (10 wmol/L, #t 2 wl) FIXLZE K
(21 pD)IRE AT 1Y, ISR 1 i, £ 95 CABYE,
Fr2E 4.5 min, 58 HILE 55 C(eNOS) i, 55 C(B-MBhHE 1) iR
I AFEE 1 min, #E4T 40 NEFR . FTAREE M bio-rad i Q5
optical system software }2 7500 system SDS software 4317,
*x1 HRFERANSY
Tab.1 Primers used in the study

EUB 87| 519 57 # 37 JF41
eNOS HiA] CAAGACCGATTACACGACA

S 1) ATCACCGCAGACAAACA
B-MahEH i GAGGGAAATCGTGCGTGAC

S 1] CTGGAAGGTGGACAGTGAG

13 %ito#r

EH] SPSS 19.0 SHATLETF5 387 . LI B LI Kb
WE2E (v + ) 3R, 2220 ) KB HU R B IRL R 7 22 4309
ZH 8] AP T LS R LSD—t ¥ % Tamhane T2 test 35 K56 7K
#E @=0.05,

2.1 KRR hg g7

BB K RUER 10 JRR B2k 1 i /K S — 3 (P>0.05) ,
5§ Control 4 LB Geih2#38 L (P<0.05) . 5% 15 JAAK , HF
R TC, TG F1 LDL-C 7K B & & F Control 41 (P<
0.05) ,HDL-C 7K°F It Control £ W LFEAK (P<0.05) ;5 HF 41
XTEG, ATV B T TARIK B TC A1 LDL-C 7K (P53
P<0.05) ,{H 2% TG 1 HDL-C 7K F 520 (P>0.05) ; L—
NAME W B I35 T ATV F&{K TC F1 LDL-C 7K SF-A9/EF (P&
¥ P<0.05),5 ATV LB, L-NAME X & Jg &R B TG il
HDL-C 7KF R B AR (P>0.05) (% 2)
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*2 F15FAKRKZAME TC.TG.LDL-C X HDL-C E& (x +s)
Tab.2 Levels of serous TC,TG,LDL-C and HDL-C in each groups at the end of 15th week ( x =5 )

el n TC(mmol/L) TG (mmol/L) LDL~C(mmol/L) HDL~C (mmol/L)
Control 41 15 1.62 + 0.44 0.60 +0.13 0.30 +0.15 1.38 +0.12
HFZH 15 5.11+0.35 0.97 +0.18" 2.80 £0.27° 0.88 +0.21°
ATVZH 15 2.33+0.28" 0.87 + 0.20* 1.26 £0.19* 0.96 +0.14°
ATV+L-NAMEZH 15 4.48 + 0.50% 0.91 +0.16* 221+0.21% 0.86 +0.19°
FAY 261.190 14.540 412.070 30.320
P 0.000 0.000 0.000 0.000

¥ : 5 Control 41 H# ,a,P<0.05; 5 HF 41 H#C, b, P<0.05; 5 ATV 41 H %L, ¢, P<0.05

22 EFIRE /BRI

S B P A 5 e 2 LT e LB R 2T *3 FHMmFENO,eNOS FEF T-NOS FHEZ (x+5)
W, E HF 4L P BEASTE | A LRG| AE 42 Tab.3 Levels of serous NO,eNOS and the activities of serous
U HYRTE | 1 I LT A 6 A 10 B L A 54 3 7 T-NOS in each group(x ++ )

(USRI ), WP RS M T AT %5 ATV 4B P Tc LDL-C
K R 5 (Ll RS ORLRE (P B, AR (mmolL)  (mmolL)  (mmol/L)
AR A HF 4045 W k3% ATV+L-NAME 41555 HF 41 ControlZH 15 2285+1.64 8548551 19.22+1.92
KA RTINS R A R R A S A | A HFZH 15 17.10£ 122" 61.57+572" 1326+2.78"
B T 2 R TS (U055 Sk BT ) L A s 7 ATV 28 ATV 15 2015+ 1.57% 96.60 +5.85" 17.58  1.76"
,TZE( K 1 Yo ATV+L-NAMEZ] 15 12.75+1.08% 52.76 + 4.27% 10.82 + 1.21%
F{E 144.400 216.120 56.120
P 0.000 0.000 0.000

1. 5 Control ZH I8 ,a,P<0.05; 5 HF 4 4% ,b, P<0.05; 5 ATV 41
HhEs e, P<0.05

120
100 F

80
60 m NO(pmol/L)
meNOS(pg/ml)
#T-NOS(U/ml)

40

20

control 2 HFZH ATVZH ATV+L-NAME £1

iy > 2 KAMmE NO,eNOS &EF1 T-NOS iEF (L
C. ATV 4 D. ATV+L-NAME £ Fig.2 Levels of serous NO,eNOS and the activities of serous

B HEAFHSHERE(200x ) T-NOS in each group

Fig.1 Pathological changes of the aorta arch %4 REAKF NOS S B-actin MIKEHAELLE (v +s)

in each group ( 200 x ) Tab.4 Comparison of the gray scale ratio of eNOS to B —actin

23 %21 NO/NOS 4k % 25 Bt stk in each group (¥ £+ )

5 Control £ H4% , HF 4 K LIS NO .eNOS 7K 3F- & el n eNOS mRNA
T-NOS % J1W] & F R (P<0.05) ;55 HF 20 Heds ATV B i 42 Control 4] 15 026 +0.02
& T I NO eNOS ZK3F-F1 T-NOS 1% 47 (P<0.05) ; 5 Fp ifi HF4] 15 0.20£0.01°
JH ATV WG PAH G, I L-NAME B2 F 98 7 i NO .eNOS ATV 15 0.330.02"
KL% T-NOS 1 3 (P<0.05) (£ 3,8 2) , 15 Control 41 HLAZ, ATV+ L-NAME £ 15 0.34+0.01*
HF 4 9F% T30k eNOS mRNA H9363% T I (P<0.05) ; 5 HF FE 265.580
ZHLH, ATV I 3k eNOSmRNA 3535 |l (P<0.05) ; PiH 0.000

S L-NAME J5 H: eNOSmRNA 23155 ATV AL, 22 5 7 5 Control 41H45 ,a, P<0.05; 5 HF 41 L4, b, P<0.05; 5 ATV 41
TG #E L (P>0.05)(F£ 4), F#s e, P>0.05
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ik sk AR BB A 200 B 5 LR RR A I DGk, i AT
V2 EE G T IR

NOJZ 5 SURAF 5 201 R A5 S RS
B BRI, BT L A 0 ] 8 240 R I DA ) SR B
BHBA A TE I , LA S A ) SF- 9 JUL A0 P 34 1 ke 32 B
1SR AL AR I, A B9 s AR N
() NO 7K s n] 5| i 568 0o 118 & /RN, T 24 i
ARBHIK N KR NO A=W 1 FHEE T B sl 25 S BORE IR
s K8 I T A TRE LRI HE TS I 28 5 SR T XU, FEAS
WFFE A& B . 24 HF 21 3 ik ok A s 10 B B BT
o NO B2 NI T ATV J5 NO B384k g [ ),
SR R o bt 2 B G 1T 24 0 L-NAME
i sh ik NO AR AMHI AT | 20 koki BEAE 1L A0 51 35 72
FE AR PR A A ATV B BA 0 3 45 7 i v
NO /K55 Bl ikt FEREAL AT s ARG, I HL ATV
AT LA I NO Xl Bk ok AR BEE i TE plRn ™ S R
G TE S A

73— J7 1 ,NO EZ i —EH A A W (nitric
oxide synthase, NOS) /EF I L-A4 &4 =42, eNOS
TR T IMAE P B, [R]ISEAE ifiL /N b B JULm D |
B 2k, o K 85 8 2R U2 G W HORPE BT
eNOS XU L4 1 52 e G kg B L5 o0 i 1
AR R 2 5 e U LA R AR 114 1 D 4 % D) A
XK EAAWFFEIESE eNOS BE i Z ] apoE—/—/N R
HI BRI RERELL IE L, 845 WIFFE & BH eNOS 1193
PR 22 JC P A 45 568 0 0 118 2 A e e Do g 5 B S
WEIR I FR A I R T R O R D) FEARBIFSY
W HF 2K BT eNOS 255 I i F&A% , i ATV 41
i ATV J5 ATl eNOS &5 18 B i T 5 HL A bifi 3 fik
SRR A0 T A R | X HRR eNOS K22 4L 5 NO
— 3, IS SRR AR AL T BB VIARDG Ak AR BF
SEHIR L ATV 405 ATV +L-NAME #H ¥ 77 1F
eNOSmRNA ik EiH, $2/8 ATV 7] LIFE NO %
IR LTI NO (A B, HF 1T &k 4550 0 ok #E i
HER]

S TE ATV AR AR U, M0 1 i TCAN
LDL-C 7K F-FEAIK, NO 14 5 25 05, 11 RE 3 ik
SRR AL BERR AR 5 24 NO 3 2 B ATV B4

PRI R, XS4 R ] NO /R R AL ATV
RGBS BRI RERE AL b A 4% T B AT, ATV AR A]
eI NO PR S 5R HAT s ks e AL VR

2 % X B
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