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Alterations in aortic vasomotor function in rats with chronic heart failure and
its mechanism
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Abstract: The aim of the present study was to investigate the alterations in thoracic aortic vasomotor function in rats with chronic heart
failure (CHF) post myocardial infarction (MI), and then explored the possible mechanism of pathological changes. Male Sprague-
Dawley rats were divided into sham and CHF groups randomly. The CHF model group of rats was generated by ligating the left anterior
descending artery. In sham-operated rats the ligation was placed but not tightened. A total of 20 rats underwent either sham-operated
(n=8) or surgery for MI (n=12). All sham-operated rats survived the surgical procedure and the post-surgical period, whereas total
mortality among Ml-rats was 25% (3 out of 12). Only Ml-rats with infarct-size >30% of the left ventricle (LV) were included for
analysis (8 out of 9). Ten weeks after surgery, rats were anaesthetized for hemodynamic measurements, which contains systolic
pressure, diastolic pressure, left ventricular systolic pressure (LVSP), left ventricular end diastolic pressure (LVEDP), LV+dp/dt,., and
LV-dp/dt,... After that hearts were rapidly excised and weighed. Myocardial infarct size was determined by triphenyltetrazolium
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chloride (TTC) staining method. Isolated thoracic artery ring preparations were studied in a wire-myograph. The arterial constrictive
responses to KCI, CaCl,, phenylephrine (PE), and caffeine and the arterial diastolic responses to acetylcholine (ACh) were recorded by
the Multi Myograph System. To explore the possible mechanism, nitric oxide synthase (NOS) inhibitor N-nitrl-L-arginine methylester
(L-NAME) and non-selective cyclooxygenase (COX) inhibitor indomethacin (Indo) were used. The results obtained were as follows:
(1) CHF group showed an increased contraction response to KCI (5 — 100 mmol/L) and PE (1x10°-3x10" mol/L), and a reduced
endothelium-dependent relaxation response to ACh (1x10"%~1x10™* mol/L) compared with those observed in sham group (P<0.01, P<0.05);
(2) In the presence of L-NAME (1 mmol/L), the endothelium-dependent cumulative contractions to ACh (1x107-1x10™ mol/L) was
significantly enhanced in CHF group (P<0.05), and this effect was reversed by pretreatment with Indo (10 umol/L); (3) In CHF group,
the vessels incubated with Indo (10 pmol/L) showed an increased vasodilation induced by ACh (1x10™°-1x10™ mol/L) (P<0.05); (4) In
the Ca”*-free K-H solution, calcium-dependent contraction curves induced by CaCl, (1x10“-3x10? mol/L) in CHF group significantly
shifted to the left compared with sham group (P<0.05); while the vascular contraction induced by caffeine (30 mmol/L) had no
significant changes. These findings suggest that thoracic arteries of rats with CHF have endothelial dysfunction, and the contribution
of endothelial dilation and contraction was significantly altered in CHF rats. The mechanism could be partly associated with the
increased endothelium-dependent contracting factors by COX pathway, or the increased extracellular Ca** influx through voltage-
operated channels, thus leading to elevated vasoconstriction.
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Table 1. Comparison of infarct size, weight index and hemodynamic parameters in sham rats and chronic heart failure (CHF) rats

Sham rats (n=8) CHF rats (n=8)

Infarct size (%)

Body weight (g)

Heart weight (g)

Heart-to-body weight ratio (g/kg)
Systolic pressure (mmHg)
Diastolic pressure (mmHg)
LVSP (mmHg)

LVEDP (mmHg)

LV+dp/dt,,, (mmHg/s)
LV-dp/dt,,, (mmHg/s)

- 43+4"
42415 401+15
1.3+0.05 1.4+0.04
3.3+0.07 3.8+0.13"
12149 1077

88+3 78+5
126£17 106£16
5+1 112"
8 771+303 5568+273"
—7 347481 —4 479+498"

LVSP, left ventricular systolic pressure; LVEDP, left ventricular end diastolic pressure; LV+dp/dt,.,, first derivatives of left ventricular

value of systolic and end-diastolic pressure; Data are expressed as meanstSEM, n=8. "P<0.05 vs sham.
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Fig. 1. Contracion responses to cumulative doses of vascular contraction drugs (KCI and PE). A: KCI (5-100 mmol/L). B: PE (1x10®-
3x10* mol/L). The contraction responses are expressed as percentage of 60 mmol/L KCl-induced maximal vascular tension. Data are

expressed as means+SEM, n=8. "P<0.05, ““P<0.01 vs sham.
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Fig. 2. Endothelium-dependent relaxation responses to cumulative
doses of ACh (1x10"2-1x10* mol/L) in thoracic aoritc rings. The
relaxation responses are expressed as percentage reduction of
1x10® mol/L PE-induced maximal vascular tension. Data are
expressed as meansxzSEM, n=8. "P<0.05 vs sham.
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Fig. 3. Endothelium-dependent cumulative contractions to ACh

(1x107-1x10" mol/L) in the rings of rat aorta in the presense of

L-NAME (1 mmol/L). The contraction responses are expressed as

percentage of 60 mmol/L KCl-induced maximal vascular tension.
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Fig. 4. Relaxations to increasing concentrations of ACh (1x10%*-
1x10“ mol/L) in rings contracted with PE in two groups, with or
without preincubation of Indo (10 pmol/L). The relaxation re-
sponses are expressed as percentage reduction of 1x10° mol/L PE-
induced maximal vascular tension. Data are expressed as
means+SEM, n=8. "P<0.05 vs CHF group.
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Fig. 5. The contractile effects of calcium to thoracic aoritc rings. A: Contracion responses to cumulative doses of CaCl, (1x10%-3x10? mol/L).
Concentration—-response curves for CaCl, were determined in Ca?*-free solution containing KCI (60 mmol/L). Compared to that in sham
group, the sensitivity of vessels of CHF group to CaCl, markedly increased. “P<0.05 vs sham. B: The contractile effects of caffeine (30
mmol/L) on two group vessels. The data have no significant differences between two groups. Data are expressed as means+SEM, n=8.
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T OLUTAE SR A LR AR L ) S5 R 3 &
gk I . R IAL B ks I K ek
TG Sk bk, OEMME, Syl N K
Dhfekan 401 3 F2 BERE 2 N, IXFn] fi (%) 1N TRl
G R CA SRR SE . 4R 1T Baggia 25 RS
PR, AR IER R R, AR LA R A
S DReM AR A IR 2 5, RN R EUN N K
Ty G i A 0 L A I A A R A

LA P R 9 I S A 1 2 R 3R, el
VA B2 40 e 8 i A Vi P ) R Y I P LI
JJo A B2 40 OB TR W R () ) 5t EDRF
EDCF. fi# g B £ 2% NO, HAE NOS i
N L- R R R A G, O T GC ARk
CGMP A% FL&F K ML (R4 ™. NO 4Bl
PN A PN R R 4o Sl = ) SN QA v R
H. Malmsjo 25" I8 78 K RO R, NO
IS AT K B PERAG. Indik 20 O RS
(P A 7 A2 K H )RR AR A AL B (SOD), 3 At
NO [FE%, AL KW B Dhhekals. $H5¢EF,
PNz 4t RS TV EDCF S I/ (1) &7 4 Dh Rt A7 A
HEMVER- . COXE R HAT T W MR
50, COX AL AE DU R AR Ml P ik Sk, 4R
S TR L A i 5 2R 2 (prostacyclin) . ILAS 2% A2
(thromboxane A2). THii%/}# % E2 (prostaglandin E2)
SV, WS LA MO b ) ik B - AR



5K % T A+

SEAR(TP 324K), 1P L4t . A sz 4 i b
COX-1. COX-2. HiZIMzm G, IR G lER
I8 B i DA S WL TP 2 AR UM 3 in &R ] LA
J#l EDCF /3 (it 4. EDCF [tf o8 B8 vh T
I FE PROAR Y, EAHH ST, L-NAME %8 5C
BRPOEERE 100 umol/L F N, CHF 4L K Kk L
ACh 5[ 4s, 477538 K%] 1 mmol/L, 7 ACh
BRI LI CHF AL H I B B e 4, $7m AR
JE WA R 0O 32 1A b 120 R BEAIG T ey I A
Bl Rps K BT, (H 5 sham 4140 EL, kA W
BAEE. HAREEE COX HHIF Indo FHIT COX il
PRI, CHF 2RI %% () ACh 75K [ v B B 15 51 e 3%
TR A T — AN FEUESE T 03 i LA Y COXGl
P I AH G Ak B a5 kS o A R A M 1 5
52 COXM B 1) B o, A FUR I 8 J5 1ML
BT A AN RN, e g R R M P TR
(cytosolic calcium concentration, [Ca®].) f{I4& & 7l fig
2T COX Il .

Ca™ 7ENLAN A D445 - W4 e rh R SC AR T, &
G FULAR M PRI im0 I ST U 4 s
fity Ca® 5T M A MA AR PRSI 30N IR AR - A
SARERAE 145 30 1 (receptor-operated Ca” channel, ROC).
Ha, [ A4 1 495 3 12 (voltage-dependent Ca®* channel,
VDC) M RIS I Ca™ P, 485 —i&f& P it Ca™
AR, FEARTLLZABEATE . 410 P A R il B
KAWIKM(SR), HBEBHLEIA PR (1)IP, 5%
FI 5B OHL 1 (1P, induced calcium release, IP,.CR),
P TG TF IR 52 AR 0y 1P, 3244 (2)85155 5 A A5 R
KL (calcium induced calcium release, CICR), #i
I8 I8 T AR 22444 Ryanodine 3244, Rt FEPERY
Wi caffeine i, AT T T4 ILAT L Py Ca® ¥R .
AR O T TBON AT 3 S0 & VLR
Bk, M T E[Ca™]., 51 PRI 4T
Te 5 FEL (0T b 338 i ot 8P L[ Ca ], R 3 v KT
P53 B4 MR R AL, DL A W4 R ) ¥ 71
PE 5 2 A R . KCH T 15 S 7 L0 a8
ek, 53 FEIETFR s Ca® WiiE i il
Wi, PE FEUEEMAEA T o B LIRE 2K,
BOEWENEEE C (phospholipase C, PLC) ™A H il — g
(diacyl glycerol, DAG) 1 IP,, DAG ikl i 2 134
fitf C (protein kinase C, PKC) ¥k LBk (4%, i
AL P e UL AR B LR B R VL) B 0 A B A
H, 1 A e 1P, 3l ik B 1P, 2 A L

A8 R0 3 38 3 K B sl Mk 8 45 2 e 1R A2 A0 R L LAY
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S Ca™ B, THE AL S, UL L
Wi, 55 sham 4UAH LG, 76 G40 K-H ik i 5
BN CaCly i CHFZL I 5 3 e i Hs g %5 38 1 A
SN U, WS TN AR B URE, f caffeine 1
IR 1P SR MG P ESRE T85 TES 18 100 R AL
B WFEZES, PO A LA AT el i s A
H 4 W K IN[Ca™ ., i caffeine 153 1 Y A5 R
AR B A

AWFFTE R LN, KB O 2R 1) i = 50 kA
DX LA WA 2 PR B N PE T S B8 vy, T X A R R 1
M Y 5K S A B S BRI, XM e e Tl g 5 I
B N B AN COX IR AR B v N BOC A TR 7, ()
P AR % 8 TE 4 0 A S 5 IR I Wi e 1 e di
T K. I SRR AR Il RIS Sfyy b, TR
M DY RE A TR, R0 3 B A 5 o R HEA
AT FIYIRIN 56T, BT OBl v 1A AL
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