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[ E] HN Rtz fiAo8H 1 —ANLRFRELER -ANAEH — AL REID BRI P TR,
LXK R BT HRBFRNEAZGR 0. FE FATASEBABERE(n= 8) URE SN2 BB A6 F M 24%
KT LA (n= 8) R - LA AA AR PH(n=8), REMBEEH i F-1- M AM 2 (n= 8) R4 R IH-9(n
=8), 410 F. AR LHxBuakk PR AIHR—ARAERETEEFRY, —ALHERZN Y L3, —
ANRAEENEEBEIN(P H<0.01), mbha i 8408 1 RA4S, LHMRBERTRE 40.2% £8.9% . 52 B
BE 4R b AR, SR M 4 K- L A AL BR 2k T TR 4R 09 £ 3Bk N B BE 3k & AR( 26. 6% 19.2%) B B 45 )y, £k — A ALK
AR EABLFAAH I GELINRAZ(P<0.0l), E—ARRABEEF—ALA LR EREF SR ALE
FE4&(P< 0.01), 52 BB L& N B B F M £ F (P> 0.05); 52 BIEL M b ER, SN R 100 R840 3 bk — &AL R
LEEEMILIFNS, —ANARERTE W, T AR ER(28. 1% £7.7%) BE% (P 3#< 0.01), Mot & &
SEE 1 MR Efr— AN AR EF T RARN LS, EIRERALEN AL LR EF(P>0.05. 52
WML L E-FMARE THAAFARAY EIHRELEAN cmve & cfos % mRNA Ao & & £ 53 8 F S IK(P
< 0.01), i Robdkinte - B EH AR TEAN AL E R, &b HRBHEALEEY, itk A48 —
s — AN AL — AR A AR THEAARERATERN 2 ZA6B A ABIH —ALAF—A
P R A BE Y IR T Fe RAZHLH] I R S AR B AL AR L R B89 AR .
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Relationship Between Heme Oxygenase/ Carbon Monoxide and Nitric oxide Synthase/Ni-

tric Oxide System in Atherosclerotic Progress

MU Jiao, HE Zuo Yun, and WANG Xiao Bing

( Department of Cardiology , Xingiao Hogpital, Third Military Medical University, PIA, Chongqing 400037, China)
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[ ABSTRACT] Aim To investigate the change rule and correlation of carbon monoxide ( CO)/heme oxygenase-1 (HO-1)

and nitric oxide ( NO)/nitric oxide synthase (NOS) system in atherosclerosis and the influence of the two systems on atherosclerotic

progress. Methods The rabbits received 1% cholesterol diet ( chol group, n= 8)or 1% cholesterol diet plus I- arginine (1~
arg group, n= 8) or [-NAME (L-NAME group, n= 8) by drinking water, or 1% cholesterol diet plus heme L+ lysinate (Heme
group, n= 8) or ZnPP-IX (ZnPP group, n= 8) by mjection in abdominal cavity for ten weeks. Results Compared with

contrast group, in chol group, aortic NO production and expression of NOS were decreased markedly; however, CO production
and HO- 1 activity were increased obviously ( P< 0.01).  Compared with chol group (40.2% *8.9%), aortic plaque areas of
heme group(26. 6% £9.2%) was reduced distinctly while aortic CO production and NOS activity were increased obviously ( P <
0.01). However, compared with contrast group, HO-1 expression and CO production in heme group were decreased markedly
(P< 0.01) while they were not different from the chol group (P> 0.05). Compared with chol group, aortic NOS activity and
NO production of I~ arg group were increased obviously and aortic plaques area (28. 1% £7.7%) was reduced greatly ( P <
0.01). HO-1 expression and CO production of L-arg group were increased distinctly compared with contrast group while they
were not different from chol group (P> 0.05). Compared with chol group, aortic cmyc and cfos expression of both heme
group and Irarg group were reduced markedly while in ZnPP and I-NAME group they were not different from chol group.
Conclusions The reciprocal relationship between heme oxygenase/ carbon monoxide and nitri coxide synthase/nitrogen monoxide

system in atherosclerosis could play the inhibitory role against atherosclerotic lesion.
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— S AR ( nitric oxide, NO) A& 44 PN fz B B (1)K 4k
BT, B FRERANEY, B — 8 AR S
1 ( nitric oxide synthase, NOS) f4b & BT NOS 434
LERITL(NOS) F1i5 S (INOS) o T4 HIBF 70 K B,
WY — S ALK ( carbon monoxide, CO) f2R PN 5 — 4>
HERSMEF DT, HI1OERE S 1( heme oxy
genase- 1, HO-1) EAL MR M & =4 . CO fEAEM A
WHIYER 77 205 NO ABL, & Zd o s vl s
TR MU BE A 3170 5 W] VA VE 5 1 R A Bl A I 2% 1
LGS G, (AT JBOE, BN BERR & 1 ( cGMP)
FAE R, BT 5K M8 P UL, T2 57630 R S 1
A o VR P R AR R I AT 5K AT, NO BT Co R
AU VR 5 ML &Y 4 T B 1) B 22 BT, T HL IS A 40 )
SRR A0 B S AL /NS ] P B B RS R 5 4 0 ) I
VLA s B R S T AR A . R T, 7E B
Jik 35 BE A5 4L ( atherosclerosis, As) FEFEH HO-1/CO R4t
5 NOS/NO R Gt fAH R T 2 anfl G AN iE . BAl]
7 fei JE [ B AR B 5 5 B X S B A As BT B T
NOS 5 HO-1 HI3& t, #rill NOS HO ¥ 1 )z NO . CO
AR AR, DR AR As #ERE  HO/CO
NOS/NO % 4 1 A2 A0 A4 99 5 2 [B) R AH L 5% &R DA
S A AT RE R I AL .

1 #MR5REE

L1 EE#RFF

FEZBEREAGRAWEF =ZFEEXRFHNYT,
JEE B4 L 4T R-1- #i A 5 3. 4 JF = k- IX ( ZnPP-
IX, 4 & | ABmMHA) -4 A8 .- T £ KA
B ¥ & (L-NAME, NOS #7 %] #) 1§ & Sigma /A &]; H-
® A KU LA B B B R T aE A AT 5 4R
L HO-1 #LK Y B Santa Cruz /A & . Ex800 & g 4% X
1 BIO-TEK /A & 7= & ; ] B & % B % % ( BX60) 4 &
Leica /A 8] /= & ; PCR X4 Eppendorf /2 8] /= &
1.2 hEKRHENRRM S SR L 548

WBRAFTH=EE ARG R, KEFH 1.85 ke,
Mok 6d: EFHXRAEERA. M4 £ 1- B A
B2 #h 4 . ZnPP-IX .1 45 £ B 4 & [-NAME 4, &4
8H. HF EH N BARFEEE AL BEELS
SafmEEER 1yd TEHRLA, W4T X TR
40 R ZnPP-IX 4 £ 7 DA RE B 85 09 [5 B, 4 71| 2 JE R
VEST I AT F-1- WA B 3 [ 9 mg/(kged)] K ZnPP-IX
[45 Pmol/(kg=d)], 3t 10 J&; I-# & 8 4 % 1-NAME
AETUREENE, 2R EKKET LEEAR
(2.25 g/d) B I-NAME( 120 mg/d), 3t 10 & . MmAR A&

EERRhEEZFF RGN, ZhEREH
HYIRBEEEREARAFAET —F LR,
1.3 EFBKBHRERMNE

TEHKE 10% FHEERD R EE, ¥R E
FERELO R €, AEESERY ERER X,
R4 RN E 38 5 E A R £ 3 ko BETE AR, HH 3
BERE EHABEERNE LW
1.4 MRS HIEFRE

1 7 & FB & B2 (total cholesterol, TC) 46 | A & At
Bk, A A K E E B & & (oxidized low density li-
poprotein, ox-LDL) | % 55 Ff A7 45 B #4 I J2 1K 2 /& A6
% ¥l (low density lipoprotein, LDL) , # /& # & X & b
T EA N
1.5 Ezbk—E UER—SUREREHNE

¥ Greiss W E. THABERT LHRS
(NO, )& ERENO W ERE. MEFHHIEF A
500 L. T 4°C.10 000 r/min % /2 15 min, Bl _E /& &
100 HL, /v A Griess 1477 77 4 mol/L 3£ B & 100 ML, ¥
Mg K B 10 min, A B AT XA 570 om AL 32 BUE & B
B, B A DL BB 2k (AR v el 4, R DA NO 2 &
T #HBL # %% 77 ( Hmol/ g protein) o

KM 4L & b 46 B B = R BR # L R A il
As A A HIEM CO & 8. HEH k3~ 5mm 1
3, A 0.01 mol/L.pH7. 4 &5 B 3h 2% v i o % 10 7R
ERE, BRI 2 mL B 3 5% R G AT K,
BAI KK 0.2 mL, = 8 F i MA&AK 0.2 mL, & E 7w
A2ml AT ZGERRA, BMWMAO0. 1ml £ T
RERAMNAERRDE#E I0min 5, UEGE A4
B, 2% % B i1 ODsy #1 ODsss, AR 48 SCik[ 5] R 89
NRITE
1.6 Ebk—EUREEFEEEN

£ fk NOS V& ¥ # 91 K FI°H-#f £ 8% # 1 &
BCH LB U Y . BUS0 ML E 3 kA R R K
W, N 50 VLR R & oF R, KR E K 50
mmol/L, B i\ 7. 4 kBq'H- 4% 88k, T 37 CAB # K
B 15 min &, F 2 mL FU4 By % 18 K R & o (20
mmol/L Hepes #&, pH5. 5, W 4 2 mmol/L EDTA. 0. 2
mmol/L EGTA 7 1 mmol/L I~ AL £ B) £ 1k R i, 4 FH
BT RGN E BT AE S B RS R H- R A A
¥ £ B HCH- LA RS, K 2 mL R AT 2 ml K AH
AT, Bk B WA RS BE R 1 mL T A LR
o, A F K-Triton X 100 A $R3& 7 mL, £ & A 7 %K
B 2 B H- LA B B Ak AT 1 B M, 38 SEH- L
R AERESE 6 &G RIKEITHE NOS & #
(Pmol/g)
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1.7 EFPKMMLREEE 1. cmyc A fos A mR-
NA RERFRIE

A AR R 3 5 R R A B 5 R N (RT-PCR) 2 4,
B R A F E AW E ) kW HO- 1. emye F2 fos
mRNA R & G &RZEN, £+ HO-1 cDNA # 7
MR BB 4 . £k Fl 4 5 -GAATTCAGCATGC-
CCCAGGATGGT-3; T # 5| #1 5’ -TCTAGACTAGGAT-
GITGAGCAGGA-3.
1.8 SitZEoHh

GRL x ks BT, SHEARREAEAEH
ZaM, HEEZRXA t B8

2 # R

2.1 ENBKNEBESREFR

Xof B AH 5K B = Bk P T TG S A DR BT ik, BRE R
AR 7E I [H BE 40 0 40. 2% £8. 9%, M40 &4 N
26. 6% 19.3% ,7ZnPP 4N 42. 5% +9.2% , 1-}R MR
20N 28. 1% £7.7% ,1-NAME 204 43. 7% £8. 5% .
L2135 40 -5 4 S R 4 B e T AR 357 B 2 /) T L ] I 4
(P < 0.01); i ZnPP 41.1-NAME 41 ff) B B 1 A5
55 [ 2 b A ) T 32 25 AR A0 LI 1( Figure 1) o

E 1. AFEMIBETERBKE (x 400)
F 4, FHL-NAME F74l.
Figure 1. Aorta structure observed with light microscope

2.2 BBEEMECEKZEEREERKF

5%t RRAH LA, e E [ B AR 6 % AL TS TC 33
ThE 20 4% LA E, I3 ox- LDL M JF e 1 5 A (P 3
< 0.01) . I TC KM ZK ox-LDL 7 AH [ B2 2H | Zn-
PP-IX . ML RA . -AE AR A KX [-NAME 4 [A] 33
TREZESF. WK 1(Table 1),

F 1. MERBEEMNSCRREEREBKTE (n= 1)
Table 1. Levels of serum TC and ox LDL

5 H TC (mmol/L) ox-LDL ( Pmol/L)
X HE 20 1.45 0. 48 1.3410.26
JIE [ ot 4L 35.76 £9. 63° 2.72£0. 65°
MeazRA 34. 42 £9. 30° 2. 63 £0. 57*
ZnPP 41 34. 16 £8. 69* 2.68 0. 67°
LG E R A 33.88 £8.79* 2.70 £0. 63
1-NAME £/ 36. 11 19, 88* 2. 64 0. 59°

a: P< 0.01, SIEEXTRAMLL.

2.3 Failk—EHEM—SHHRNERE
xR LL R, IEFE B 3k CO A i E

ARIEFXTIRA, BAMERED, C AMAERT A, DA PPIX T4, EN AR

%y 2 £%, M4 RA CO EMEW A 3 % - R
FR2H CO A Rl B4 IE W X R B B3 in( P< 0. 01),
{8 5 88 [ 40 b A G B 2 22 5 I-NAME 415 % B8
2R RH [ B 4 L A CO AR A B (P <

0.01) ; ZnPP £ 5 fH [ fF 20 L I PE CO A2 il 2
S (P< 0.01) .

55 %ot R 4 e, L g 2 R I 40 2% 4 = B Bk Y
PEPENO A E B/ (P < 0.01); e R A
NO Az p & 55 BH [ i 20 L A 0 2 35 22 53¢ ZnPP 2H NO
ARl S E [ A LR B B N P< 0.01); - KR
R ZH NO A= Jlt 2 4 5 R 41 TE B S8 o028, (H 5 OH ] 18
LB B FE W P< 0.01); L-NAME 41 Py J5 14
NO A E /D (P< 0.01) « W3 2(Table 2) .

2.4 EFpk—SHAESEEM

5 e 2H b A, E [T s 4H 0 of 21 3R 4 3 B ik
NOS VHEPEFFEAG (P < 0.01), iINOS W& TETHE (P <
0. 01) ; Il 21 2% 40 5 JH [ B2 20 A L TG (2. 3% 22 5% ZnPP
21 55 R [ i 2 L e eNOS & 1 R B2 T =i (P < 0. 01) 5
- A5 R A 5 fE [ B LA oNOS & M B & &= ( P
< 0.01), Ifi iNOS ¥& 14 M| G &2 % % 5; I-NAME 4
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cNOS. iNOS JE R H e % A H B FFEIE (P ¥<
0.01) . .3 2(Table 2)
2.5 MAESEE 1.cmyc F fos BIFRIA

HO- 1 76 1E % X HE2H =5 30 ik P9 Bz 200 i P 2 411 ot
LR S5IR BH P S B, AT i JULAH P 52 B 42 e B 7E I
[ B 2H I 20 3R 2H - RS = BR 2H I L-NAME ZH 1) % 3))
ik P Bz 248 P 0 T 3 JUL 4 i A 35 2 R BE M T AE Zin

PP-IX 204X A 55 FH £ R A (B 2, Figure 2) o cmycs
fos 25 [ 3R 1K LU, 5 1E 7 5 HR 4 3 s ik i B 24
TeW ik, [-NAME 41, ZnPP-1X ZH 1 fH [f B 4 &
SRPH M, LR R FR A Mo i 41 4 2 95 FH % . RT-PCR
7E B H R HO-1( % 2, Table 2) vemye M cfos F) mR-
NA RIE( K 3, Figure 3) 5 H Gy H 4 244G I 45 R
NY/ECR

FR2. EXMF—FEURAN—SURERER—FLEASBMIEZSSE | mRNA BFRIE (n= 8)
Table 2. Results of measured production of NO/ CO and mRNA expression of NOS HO- 1

| NO cO cNOS iNOS HO-1
X HE AL 110. 72 +18. 10 0. 135 £0. 016 100. 02 +10. 67 107. 26 *10. 89 1

JIF [ 1 46 78.63 £15. 12* 0.276 0. 017* 60. 17 £9. 98* 134. 36 £12. 01* 1. 62 0. 143*
Mer &4l 77. 10 £13. 55° 0. 545 0. 025" 62.73 +8.74° 133.92 £12.51° 2.17 0. 196"
ZnPP 41 106. 56 £19. 18° 0. 186 0. 011° 78.55 £8. 63" 135.90 £13. 17° 1.21 %0. 097
- ER 108. 73 £17. 84* 0.282 %0. 015° 92.73 19. 66 129. 48 £11.33* 1. 58 +0. 123
I-NAME 41 62. 69 £1.34" 0. 384 0. 017 43.69 £7. 24" 73.19 8. 64 1.86 *0. 135"

a: P< 0.01, 5IEHXTIBAMEL; b: P< 0.01, SHHMEEAME.

Y
“n’
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2. REEAUFRNENRAMIRESE 1 HIRE ( x 400)

E N I-NAME #, F N I-FEE 4.

ACRIEFE XA, B ONHBEESA, C NMLARA, D N ZnPP 4,

Figure 2. HO 1 expression in the aorta measured by immunohistochemistry

3. P RBAEETER AN cmyce 1 ¢ fos mRNA RiL
Figure 3. mRNA expression of ¢ myc and cfos measured by
RTPCR
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Bk SRRk (As) SO0 LB R O B R R 2
—, e 3 B B U R B AT R R AR D A
B AR RS2 AR, S LA AR 0 5 R S AR, AT 5
M RENS R Y 2 8 s B A8, A ok i3 m. #F Kk
B, M58 P9 Rz S ~F- i LA M fe % 7= A2 9 R P NO A
CO, K As HBEPEHFEEMNFEFER.
HO/CO & i F1 NOS/NO % %i 2 [A1 78 Ji 28 b Anif =% |k
FHL. HO F1TNOS ¥4 [ € & vl A fE . HO-1
H1INOS 71 £ 28 B AL 4L R AR BE i A2, e A 1105
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AL FE B RO IS B & e CO FE AR AR I 1
YER 77505 NO ABBL, 32 2238 3ok 0 vT ¥ 1 & 1 R
LB T, STEN SR W2 I a &=
ghfy, L ARK S BE, 3N cGMP 4 BR, &7 5k if &
S L 0 ) I P LA I A L 3R RS, 7E As HERE
i B B A Y . NO 5 cGMP [1I3E A
b CO 58 50 fi5, RUb7EAHARE T NO 23 EAE
™ #E As AR K R RE T, BT R ThRE 2 48,
P 2 B NOS( eNOS) ik slidi 4 T %, WM NO 7™
ARl TP UL i R 05 1) 15 3 B NOS (iNOS)
RN, PFAEKENO HlE, SHAHE TR
L A A TR R 2, 51 AR 23447, it As T
WK IE. FIE, fEA4if R 1B fEska T, &
AR % B s B B e 5 5 L “FIg L4 R
iNOS'™, {2 NO B R, IS5 As AN
REGRE. MREW, £ As AR BT H,
HO-1 5 S MR E, CO P2 2, — J7 AL N
cGMP, {2 eNOS P24/ NO HIZhEEAR 2, B —
Al e I LR HLE 0] INOS & T e A, kb 4
A5 NOS & —Mi 4 RE A, G A E 2
AL R 5T, BE K HO BE N33 1M 21 2% ) A,
BEPR NOS HIA B @NOS J& —Fh 4l i f2 & P450 B i
ZLEEH, P450 & HO fEH MRS, Kitk, HO i&
THRETEHE NOS K% M#; (ICO AES NOS 454, iz
SE S A R R R U Bk B
Wi s it — B A0 NOS BIF=4.

M As 3R 0 HO/CO 5 NOS/NO &4 i)
HEXRAZWMAATR? APFFIRR: WIEMENO
1 CO B EAAs fEH, XA E R W R ded@ i 1
Xt 3E TC K ox-LDL HIA 5K SE8; @ i ifn 41 %-
-2 B 2 T T & 1H M R As BEHRAE HO- ImRNA &%
RARIEBEIN, NIEME CO WRFEIRBEZ Tt =, 1M R 8
FH emye 1 fos B mRNA ik FEAK, L8 71 UL
YT M 3 5 S2 0, o A ST As AE A, (MHO/CO
RGUFI NOS/NO R Gu A7 76 A0 TR 15 L, A8 BARES
T,NO By A F ZAEH, As #E 2, HO/CO M
NOS/NO G &7 th B AN AR T ER . As
I, cNOS FRIXBUE M T %, 2R 1% NO 7= 295020,
TP L4 2254 1) INOS & PR8N, 7= 45 K & NO
H EH 2, ST A 8 TR R iR A R A, (R As 1)
TER%, NO B 353 ] 5 5 4 I 3 7 OB R 8 Ak

WHEER R, 51 RRA LB, 18 As LR H HO-1 1935
PE& CO (7= A 3 n, — 77 i Be X4 i cGMP, #F 7k IfiL
B, AR NOS FEAE NO HIZhEEAS 25 3 — 7,
HO-1/CO RG] 2 Fug 4] INOS H 3 14 L
P, WD B KA SR . AR AR S HHIESE T HO
ARG eI X NO M NOS B 5 AARAEAE F #11)
As JHAZ KR .

Morita 5 % B P-4 WLAH B IR CO 7T LLE
TN R ER 1 AL NARGIR AR K BB B, 42 )
AT LA M ) A, ATTTAE As T e 4B 1)
fER . AXXHIRER, M RH fos Fl emye 3K
IS RHE EEH P R, T ofos F1 cmye RIS
L~ LA 1 B85 58 A 0%, DR B AE & B BF 92
fit b, 3E— 20 B T HO-1/CO RGBT As BI1E H 42
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