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Hemodynamic and Neurohumoral Changes after Abdominal
Aortic Constriction in Rats
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ABSTRACT

Cardiac after-load, neurohumoral reaction and the secondary cardiac hypertrophy were studied in six groups of
Sprague-Dawley (SD) rats with abdominal aortic constriction. We found that abdominal aortic constriction above the
renal arteries decreased the heart rate and cardiac output, and increased the pulse pressure. These abnormalities would
return to normal after constriction ended. Captopril, propranolol and prazosin could reduce the increase of pulse
pressure but still had decreased in cardiac output of rats with abdominal constriction. Aortic constriction also increased
the aortic impedance and cardiac load but decreased aortic compliance. These changes could also be lessened by
captopril, propranolol and prazosin. We have confirmed that aortic constriction can induce secondary cardiac hypertrophy,
but the pathogenesis might be due to multiple factors.
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[. Introduction 1989; Bakeet al, 1990; Sadoshima and Izumo, 1993). Such
remarkable hemodynamic changes after aortic constriction
Long-term work-load increment on a ventricle causesmay cause secondary cardiac hypertrophy (Salgado and
cardiac hypertrophy. The increase of pressure or volum8algado, 1989; Lompret al, 1984). However, the initia-
work-load on the ventricle induces the release of catecholdive factors causing cardiac adaptive hypertrophy require
mines and hormones (Yagt al, 1968; Whitlow and further clarification. The feasibility of reversing the pro-
Katholi, 1983; Gelmamet al, 1990; Symbast al, 1983; cess of cardiac hypertrophy after removal of the causal fac-
Normannet al, 1983). The initiative factors and tor must also be examined.
maintainance of the process of cardiac hypertrophy remains  In this study, we analyzed hemodynamic changes and
controversial (Coopeat al, 1985; Morgan and Baker, 1991; sympathetic activities in rats during aortic constriction and
Kromer and Riegger, 1985) . after constricted ended to evaluate its role in cardiac adap-
An increase of aortic pressure has been reported tive hypertrophy. An understanding of the pathogenesis of
contribute to an increase of aortic impedance, and a decreasmdiac adaptive hypertrophy may provide valuable infor-
of aortic compliance and cardiac hyperfunction associatethation for the prevention of this particular cardiac hyper-
with neurohumoral responses (Yagial,1968; Gelmaret  trophy and therapeutic intervention in certain situations in
al., 1990; Morgan and Baker, 1991; Kromer and Rieggermwhich there is an increase of afterload, such as with coarc-
1985; Salgado and Krieger, 1986; Salgado and Salgadtation of the aorta.
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Il. Materials and Methods and the femoral vein was cannulated to administer supple-
mental anesthetics and fluid. The chest was opened, and an
1. General Preparation electromagnetic flow probe (Carolina Medical Electronics

Inc., Chapel Hill, NC, U.S.A., Model 100 series, internal

Male Sprague-Dawley (SD) rats which were 10 weeksircumference 7 mm) was then placed around the ascend-
old and weighed about 300 gm each were used. The ratgy aorta to measure the velocity of blood flow in the aorta.
were anesthetized with intraperitoneal (IP) injection of so-A Millar catheter (Millar Instruments Co., Houston, TX,
dium pentobarital (40 mg/kg). A tracheostomy was perU.S.A., Model SPR-407, Size 2F) with one high-fidelity
formed to provide artificial ventilation with a tidal volume pressure sensor was used to measure the aortic pressure.
of 3-5 ml and a respiratory rate of 50-70 breaths/min. Thdo minimize the baseline drift, the catheter was soaked in
abdominal wall was opened, and the abdominal aorta wasaline at room temperature for at least one hour before
isolated in the pre-renal area. We used 3-0 nylon stitch tmsertion. The Millar catheter was inserted via the isolated
constrict the aortic lumen to a fixed size using a 0.67-0.88ight carotid artery into the ascending aorta until the cath-
mm probe around it above the point at which the renal areter tip reached a position just distal to the flow probe. The
teries branched as previously described (Haddad, distal end of the carotid artery was ligated. The aortic
1996; Everetet al, 1994). One shot of benzathine penicil- pressure, flow waves and electrocardiogram (ECG) were
lin G (10,000 units/kg IP) was administered to preventontinuously monitored via a polygraph recorder (Gould,
wound infection. Aortic constriction was relieved using Cleveland, OH, U.S.A., Model 2800S) and also recorded
the same pre-medication. on a tape recorder (TEAC, Chiyoda-Ku, Tokyo, Japan,

The rats were divided into six groups. (1) Group A:Model MR-30) at a recording speed of 4.8 cm/sec for off-
thirteen rats received a sham operation as control; (2) Grodime analysis. Finally, a lead Il ECG was recorded with a
B: ten rats were subjected to abdominal aortic constrictioould ECG/Biotech amplifier.
for six weeks without other medication; (3) Group C: four-
teen rats were subjected abdominal aortic constriction foB. Calculations and Data Analysis
two weeks, but constriction was relieved for the next four
weeks; (4) Group D: ten rats subjected to abdominal aortic The pressures and flow signals were digitized at 4 ms
constriction for six weeks; following the operation, the ratsintervals using a 12-bit analog-to-digital converter
also received IP injections of captopril, 10 mg/kg/day, for(Microstar Laboratories Inc., Bellevue, WA, U.S.A., Model
six weeks; (5) Group E: twelve rats received for six week$AP 1200/4) interfaced with a personal computer. Signals
IP injections of propranolol, 4 mg/kg/day, since the samésix consecutive beats at steady state) were selected on the
day of abdominal aortic constriction; (6) Group F: elevenbasis of the following criteria: (1) recorded beats with opti-
rats received six weeks of IP injections of prazosin, 0.1 mghal flow velocity profile; (2) beats with a RR interval less
kg/day, following the first day of abdominal aortic than 5% different from the average value of all the recorded
constriction. Six weeks later, studies were performed ombeats during a stable state; (3) stable and regular respiration
all the experimental rats to measure: (1) the steady hemaevthout fighting against the respirator. Zero flow was as-
dynamic components, including the aortic peak systolicsumed to be the value of the flow in the middle to late
mean, end-diastolic and pulse pressufdas(APm APd, diastole. The largest modulus of this portion of the flow
PP), heart rateHIR), stroke volume$&\), cardiac output was considered to be the noise level. The descending aorta
(CO), and peripheral resistand®f); (2) the pulsatile he- was cannulated and connected to a resistor. From the digi-
modynamic components, including the first modulus of in-tized flow velocity signal, we determined the time-averaged
put impedanceZ1), characteristic input impedancéd], flow velocity for at least thirty separate beats. This mean
the compliance of the peak systolic, mean, end-diastoligelocity was converted to volume flow by multiplying it by
pressuresds Cm, Cd), the first zero crossing frequency of the flow probe’s cross-sectional area. The appropriate
the impedance phase angle)( the external steady, calibration factor for each rat was then determined by
oscillatory, and total powek\s Wo, W1), the magnitude of matching the cardiac output with the mean output calcu-
the backward and forward components of the pressure wavated from the digitized flow signal. The flowmeter
(Pb, Pf); and (3) the concentrations of the catecholamine¢Carolina Medical Electronics Inc., Model 501D) had a fre-
in the myocardium of the left ventricle (Lat al, 1986; quency response that was decreased by 3 dB at 100 Hz.

Chenget al, 1993). The phase lag was almost linear with the frequency (1.2
degrees/Hz). Appropriate corrections were applied at each
2. Hemodynamic Changes impedance harmonic to take the phase delay into account.

All the hemodynamic parameters were calculated beat by
After the rats had been anesthetized, the femoral abeat. The average hemodynamic data of four beats was
tery was cannulated to record the femoral arterial pressurebtained for an individual data point.
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The impedance modulus was the ratio of the aortical detection (HPLC-DUED) (Chergg al, 1993).
pressure harmonic to the flow harmonic. The flow phase The concentrations of norepinephrine (NE) and epi-
was subtracted from the pressure phase at each harmoniaephrine (EPI) were calculated by determining each peak-
obtain the impedance phase angle. Any flow harmonic witlarea ratio relative to the standard Isopropylene Tryptamine
a modulus < 1.5 times the noise level was not used for imdPT) in both anodic and cathodic chromatograms.
pedance calculation. The characteristic impedance was the
average of the impedance moduli in a frequency range &@. Statistical Analysis
15-45 Hz with coefficients of variation < 10%. The first
zero-crossing of the impedance phase angle was evaluated The results are expressed as Mee&BE. Different
using linear interpolation method based on the data. Thgroups were compared by using one factor ANOVA and the
systolic, diastolic and mean aortic pressure, the heart ratEjsher’s protected least significant difference (PLSD) test.
stroke volume and systemic vascular resistance were alfifferences were considered to be significant at a value of
determined for each beat. The arterial compliance at pre$ < 0.05.
sureP (systolic, diastolic or mean) was obtained using the
equation given by Liet al.(1986) for an exponential pres- 1ll. Results
sure-volume relationship (Salgado and Krieger, 1986). The
total external powenWt), consisting of both the pressure 1. Hemodynamics of Steady Component
and kinetic terms for the left ventricle, was calculated. We
also evaluated the oscillatory pow#/d), the steady power Tables 1 and 2 summarize the hemodynamic data of
(W9, and the ratio of oscillatory to total powdWd@/W) as  the rats in each group. Although the systolic aortic pres-
an index for the efficiency with which pulsatile energy wassure increased after aortic constriction in every group of
converted into forward flow. The measured pressure anthts, it had statistical significance only in the rats in Group
flow waves included their forward and backward com-F (P < 0.05). The increment in the pulse pressure was sig-
ponents. The magnitudes of the pulse pressure of the famificant in Group B, which had the longest duration of aor-
ward Pf) and backwardRb) components along with the tic constriction. The pulse pressure was&/mmHg after
ratio of the backward to forward magnitude were used t& weeks of aortic constriction and was significantly differ-
characterize the wave reflection properties. ent from normal control. The increased pulse pressure re-

The procedures for measurement of the aortic presurned to normal after aortic constriction ended or after
sure and flow and for arterial impedance analysis were esxdministration of vasodilators (Tables 1 and 2). The aortic
sentially similar to those described previously (Salgado andnd pulse pressure were nearly equal in Groups A, C, E and
Krieger, 1986). The procedures caused a fall in arterial pre$-. In Group F, there was significantly higher systolic, dias-
sure as reported in previous studies (Salgado and Kriegdnlic and mean pressure, about 10 mmHAg (0.05) more
1986). The extent to which the surgical procedures anthan that of control group, but the pulse pressure did not
blood pressure reduction affected the hemodynamic datzhange significantly. The heart rate changed significantly
remains unclear. We discarded the data in which the fall isxcept in Group C. It increased in Groups D and F and
arterial pressure exceeded 20 mmHg after thoracotomy artecreased in Groups B and EQO significantly changed in

flow-probe placement. Groups B, C, D, E and F. It dropped significantly in Group
B because of the slowing heart rate. After aortic constric-
4. Catecholamines Assays tion endedCO rebounded even more than the normal con-

trol because of the increase of the stroke volume. The drop

The rats were then sacrificed, and their hearts weran CO in the rats in Groups D, E and F, might have been
isolated. The atria , appendages and right ventricular fredue to the effects of the slowing heart rate caused by the
wall were cut off. The left ventricle and ventricular septumvasodilators. HoweveO and peripheral resistandep)
were preserved and weighed. The ratio of left ventriclavere not significantly different between Groups D, E and
weight to body weight was calculated (LVW/BW). From F. This indicated almost similar effects of these three va-
the left ventricular free wall, a sample of around 100mgsodilators on cardiac output and peripheral resistance.
was taken and homogenized (500 rpm, 2 min) in 1 c.c. ice-
cold 0.1 M hydrochloric acid containing ¥ ascorbic 2. Hemodynamics of Pulsatile Component
acid. 6000 g of the homogenate was centrifuged at 4 °C for

15 min to remove the precipitated protein and cell debris, Zlincreased significantly in Groups B, D, E and F.
and then filtered through a Millipore 0.22n filter (Ultra It is easily to understand the increas&bin the rats after
free-MC, Millipore, Bedford, MA, U.S.A.). 34 of fil- aortic constriction. Captopril, propranolol and prazosin sig-

trate was directly injected into a high-performance liquidnificantly affected the increment d@fl andZc after aortic
chromatography system with dual electrode electrochemiconstriction (Tables 3 and 4¥c displayed a significant
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Table 1. Results of Aortic Pressure, Heart Rate, Cardiac Output and Peripheral Resistance in Different Rats with Abdominal AddiioiCansitr

Release
Aortic pressure (mmHg) PP HR SV CO Rp 1C°

Aps Apm Apd mmHg Beats/min ml mi/min dyrsgon
Group A fi=13) 121+ 4 105+ 4 90+ 4 31+ 4 383+ 6 0.22+0.01 85.8t 1.6 101+ 11
Group B (=10) 124+ 5 100+ 4 77+ 3 47+5 335+ 5 0.22+ 0.01 76.2+ 1.7 106+ 10
Group C (=14) 122+ 4 103+ 5 86+ 4 36+ 4 373+ 8 0.26+ 0.01 92.2+2.0 90+ 10
Statistical AvsB AvsB AvsC AvsB,C BvsC
Significance BvsA, C BvsA C BvsA C
(Pi 0.05) CvsB CvsAB

Note Values expressing as meaisD
Abbreviations Aps= aortic pressure at peak systole Rp= peripheral resistance

Apm= mean aortic pressure Group A = control group
Apd= aortic pressure at end diastole Group B = banding for 6 weeks
PP = pulse pressure Group C = banding for 2 weeks and then released for 4 weeks

HR = heart rate
SV= stroke volume
CO = cardiac output

Table 2.Results of Aortic Pressure, Heart Rate, Cardiac Output and Peripheral Resistance in Different Rats with Vasodilator Effects

Aortic pressure (mmHg) PP HR SV CO Rp 1C°
Aps Apm Apd mmHg Beats/min ml ml/min dyrsgm™®
Group A fi = 13) 121+ 4 105+ 4 90+ 4 31+4 383+ 6 0.22+ 0.01 85.8t 1.6 101+ 11
Group D 6 =10) 135+ 4 110+ 5 89+ 4 36+5 425+ 6 0.19+ 0.01 79.2: 1.6 116+ 10
Group E (1= 12) 125+ 4 109+ 4 94+ 4 31+ 4 359+ 5 0.22+0.01 77.8:1.8 115+ 10
Group F 0 =11) 138+ 5 121+ 5 108+ 5 30+ 4 358+ 6 0.22+0.01 79.61.9 119+ 10
Statistical AvsF AvsF AvsF AvsD,E,F AvsD AvsD,E,F AvsD,EF
Significance EvsF DvsA E, F DvsA E
(Pi 0.05) EvsA D EvsD
FvsA, D

Note Values expressing as meaisD
AbbreviationsAps= aortic pressure at peak systole CO = cardiac output

Apm= mean aortic pressure Rp= peripheral resistance

Apd= aortic pressure at end-diastole Group A = control group

PP = pulse pressure Group D = banding and captopril for 6 weeks
HR = heart rate Group E = banding and propranolol for 6 weeks
SV= stroke volume Group F = banding and prazosin for 6 weeks

increase in Group B. The decrease of aortic compliancexcept for Pb in Group F affin Group E. Furthermore,
due to aortic constriction recovered after constriction endethe Pb/Pfratio increased significantly in Groups D, E and F
and could be prevented by captopril, propranolol or prazosifTables 3 and 4).

administration (Fig.1, Tables 3 and 4). The wave velocity

indicated byfo increased significantly in Group B, and the 3. Ventricular Hypertrophy and Cardiac Cat-
increment ofo was reduced in rats after constriction ended echolamines Concentration

with administration of captopril, propranolol or prazosin

although still abnormal higher than that of the control Tables 5 and 6 show the severity of ventricular hy-
group. The external power increased significantly aftepertrophy and the amount of neurohumoral content in the
aortic constriction with the changes in aortic impedancenyocardium. The LVW/BW ratio increased significantly
and compliance. The relief of constriction and vasodilatorin the experimental rats, including Groups B, C, D, E and
administration markedly influenced the elevatioM@fand  F, as compared with the control group. The ventricular hy-
Wo/Wt However, the reduction 8/oto a normal value pertrophic ratio (LVW/BW) was significantly reduced af-
was noted only in Group E. The magnitude of the pressuter aortic constriction ended. However, it was unaffected
wave was significantly elevated after aortic constriction. Théy vasodilator administration and was not different in the
elevation ofPb andPf could not be depressed to normal byrats which received captopril, propranolol or prazosin
relieving aortic constriction or administering vasodilators,administration. Left ventricular NE was depleted after aor-
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Fig. 1. The first modulus of impact impedance and impedance phase of the average of four beats at the steady state of thelratslintadigd groups.

Table 3.Results of Aortic Impedance, Ventricular Work and Wave Reflected in Different Rats after Abdominal Aortic Constrictioreasel Rel

Zl Zc Cd Cm Cs fo Wo Ws Wo/Wt Pb Pf Pb/Pf
dynesmn™® ul/mmHg Hz mw % mmHg %
Group A: 6218 312 1946+ 119 3.67+0.38 3.12+0.36 2.56+0.25 14.9% 15 1.02+0.09 19.2+20 51+0.7 6.8£05 101+x10 71x6
(n=13)
Group B:  1115@t 43 3121+ 193 2.39%+0.26 1.86+0.14 2.13:+0.21 23.4+2.1 1.61+0.17 16.6:1.3 88+13 11211 16522 72+7
(n=10)
Group C: 6914 289 2053t 137 3.40+ 0.36 2.82+0.30 3.1+ 0.29 19.% 1.3 1.34+0.23 20.6:2.0 6.5+1.1 84+0.8 12.0t+20 72+9
(n=14)
Statistical AvsB AvsB AvsB AvsB AvsB AvsB,C AvsB,C BvsC AvsB,C AvsB,C AvsB,C
Significance BvsA,C BvsA,C BvsA,C BvsA,C BvsA,C BvsA C BvsAC BvsA,C BvsA,C BVvsAC
(Pi 0.05) CvsB CvsB CvsB CvsB CvsB CvsA B CvsAB CvsA,B CvsA,B CvsAB
Note Values are meat SD
Abbreviations ZI: first modulus of input impedance Pb: backward component of pressure wave
Zc: characteristic input impedance Pf. forward component of pressure wave
Cd: compliance at end-diastole Group A: control group
Cm compliance at mean pressure Group B: banding for 6 weeks
Cs compliance at peak systole Group C: banding for 2 weeks and released for 4 weeks

fo: first zero crossing frequency of impedance
Wa oscillatory power

Ws steady power

Wt total external power

tic constriction ended, but NE depletion stopped and wagispite of the early relief of constriction. However, the ad-
preserved in rats after constriction ended. The total NEinistration of propranolol and captopril could prevent the
content decreased in all the studied groups, but decreasddpletion of EPI in the myocardium.

less in Groups C and F. This indicated that the depletion of

NE might have been prevented by relieving aortic constriclV. Discussion

tion or administering prazosin. EPI were also dropped sig-

nificantly in the myocardium after aortic constriction ended, Cardiac hypertrophy generally results from structural
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Table 4.Results of Aortic Impedance, Ventricular Work and Wave Reflected in Different Rats with Vasodilator Effects

Z| Zc Cd Cm Cs fo Wo Ws Wo/Wt Pb Pf Pb/Pf

dynegon® ul/mmHg Hz mw % mmHg %
Group A: 6218312 1946119 3.6#0.38 3.120.36 2.560.25 14.915 1.020.09 19.22.0 5.%0.7 6.80.5 10.%1.0 TH6
(n=13)
Group D 8353335 1912125 2.820.21 2.480.18 2.520.22 20.%1.4 1.3@0.20 20.22.0 6.%1.0 9.241.0 11.51.9 89
(n=10)
Group E: 8253381 1884124 3.36¢0.28 2.820.20 3.020.26 21.#1.3 1.160.11 18.61.7 6.&¢0.9 8.5:0.9 10.31 839
(n=12)

Group F: 8391394 184@127 3.0@0.25 2.5&0.19 2.6#0.21 20.41.9 1.220.12 21.62.0 5.30.7 7.80.7 9.:1.1 865
(n=11)

Statistical AvsD, E, F AvsD,E,F AvsD,F AvsgF AvsD,E,F AvsD,F EvsF AvsD,E AvsD,E AvsD,F AvsD,EF
Significance DvsA/E DvsAJE DvsE DvsA,F DvsAF DvsAEF
EvsA,D EvsD EvsD EvsA EvsA EvsD

(Pj 0.05) FvsA FvsA FvsA D FvsD FvsAD
Notes Values are meah SD
Abbreviations ZI: first modulus of input impedance Wt total external power

Zc: characteristic input impedance Pb: backward component of pressure wave

Cd: compliance at end-diastole Pf: forward component of pressure wave

Cm compliance at mean pressure Group A: control group

Cs compliance at peak systole Group D: banding and captopril for 6 weeks

fo: first zero crossing frequency of impedance Group E: banding and propranolol for 6 weeks

Wa oscillatory power Group F: banding and prazosin for 6 weeks

Ws steady power

Table 5. Results of Left Ventricular Hypertrophy and Myocardial Norepinephrine, and Epinephrine Concentration in Different Ratsl@ftérahb
Aortic Constriction and Release

LvW BW LVW/BW Left ventricular concentration Total conteni(®
mg gm mg/gm NE EPI NE EPI
pg/mg pg/mg Pg Pg

Group A: fi=13) 879+ 11 449+ 9 1.96+ 0.01 85.1+ 5.8 5.6£2.1 76.3t 6.7 5.0+ 2.0
Group B: = 10) 999+ 11 415+ 9 2.41+ 0.01 52.a+ 5.4 1.0+ 0.3 51.6+£5.9 1.0+ 0.3
Group C: = 14) 995+ 11 469+ 9 2.12+0.01 66.6t 3.1 0.5+ 0.1 66.5+ 3.9 0.5+ 0.1
Statistical AvsB,C BvsC AvsB,C AvsB,C AvsB,C AvsB AvsB,C
Significance BvsA C BvsAV BvsA,C
(Pi 0.05) CvsA,B CvsAB CvsB

Note Values are meah SD
Abbreviations LVW left ventricular weight
BW: body weight
NE: norepinephrine
EPI: epinephrine
Group A: control group
Group B: banding for 6 weeks
Group C: banding for 2 weeks and released for 4 weeks

and functional abnormalities in the cardiovascular systenmduce an increase Wo, Wo/Wt Pb andPf. These changes
Acute aortic constriction causes remarkable hemodynamicould be minimized if constriction was relieved early on in
changes, including elevation of the pressure in the proxiGroup C. It has been implicated that the normalization of
mal portion, which has been attributed by a narrowing otortic pressure and pulse pressure may occur, if aortic nar-
the aortic lumen, a sudden increase in aortic impedance amnolwing occurs early on. The increase in pulse pressure due
a decrease in compliance (Symbtal, 1983; Salgado and to aortic constriction could also be prevented if vasodilators,
Krieger, 1986; Salgado and Salgado, 1989). In this studysuch as propranolol, captopril and prazosin, were given when
prolonged aortic constriction in Group B caused a signifi-aortic constriction occurred. These findings were found in
cant increase in pulse pressure, and a decrease in heart e rats in Groups D, E and F. The acute and subacute
and cardiac output. On the other hand, a long-term higmechanical obstruction of the aorta is not the only possible
afterload challenge, such as high pulse pressureliRw reason for an elevation in pressure. Prolonged procedure
low CO, or high impedance, was noted in Group B to in-and renal arterial ischemia which activates the renin-angio-
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Table 6. Results of Left Ventricular Hypertrophy and Myocardial Norepinephrine, and Epinephrine Concentration in Different Ratsodiliitdas

Effects
LVW BW Lvw/BW Left ventricular concentration Total content.C®
mg gm mg/gm NE EPI NE EPI
pg/mg pg/mg P9 Pg
Group A: f=13) 879+ 11 449+ 9 1.96+ 0.01 85.1+ 5.8 5.6+2.1 76.3+ 6.7 5.0+ 2.0
Group D: o= 10) 939+ 11 404+ 6 2.32+0.01 58.7+ 3.6 5.4+ 1.2 55.8+ 4.3 51+1.1
Group E: 6= 12) 851+ 10 371+ 5 2.29+0.01 55.7+ 4.7 5.8+ 1.0 47.3+ 4.5 4.8+0.8
Group F: = 11) 962+ 12 409+ 8 2.35+ 0.01 67.3t 6.3 2.3+04 64.0+ 4.0 22+04
Statistical DvsE AvsD, E F AvsD,E, F AvsD,E, F AvsF AvsD, E
Significance EvsD, F DvsA DvsF DvsA
(Pj 0.05) EvsAF EvsF EvsAF
FvsA E FvsE
Note Values are mea# SD.
Abbreviations LVW. left ventricular weight Group A: control group
BW: body weight Group D: banding and captopril for 6 weeks
NE: norepinephrine Grpup E: banding and propranolol for 6 weeks
EPI: epinephrine Group F: banding and prazosin for 6 weeks

tensin system and the secretion of renin may cause an éft the initiation and maintenance of cardiac hypertrophy
evation in blood pressure (Symbeisal, 1983; Salgado (Cooperet al, 1985), then a reduction of hemodynamic
and Krieger, 1986). A previous study demonstrated an efshallenge may cause obvious but reversible alterations in
fective vasopressor role of vasopressin in the genesis of acutardiac hypertrophy, hyperfunction, and dysfunction
and subacute hypertension (Haddadl, 1996). In a pre- (Cooper and Tomanek, 1982; Thompstbal, 1984). This
vious study on a rodent heart, tBenyosin heavy chain study demonstrated that relief of aortic constriction after a
was expressed strongly related to the arterial pressure imperiod of constriction actually reversed hemodynamic
posed on the left ventricle. These findings suggested thahanges, includinblR, SV, CO, Rp, aortic impedance, and
the renin-angiotensin system is not the only factor involvedompliance. However, some cardiac function including

in cardiac hypertroply gB-myosin heavy chain expression Wo, Wo/Wt Pb andPf, were still abnormal even after con-

in some models of hypertension (Hadéadl, 1996). Al-  striction ended. A hypertrophied heart with depleted ven-
though vasodilators were adminstered during aortidricular NE and EPI concentration still remained lower than
constriction, we observed an increase in aortic pressure imormal even 4 weeks after aortic constriction in group C
rats which received captopril or prazosin. The rats whictended. The depletion of NE and EPI in the left ventricle
received propranolol had normal aortic and pulse pressumas also noted in rats which received vasodilators during
but slow heart rates and lower cardiac output. This indiaortic constriction. Therefore, we suggest that a reduction
cates that propranolol has a stronger effect on cardiac coim afterload due to either mechanical or pharmacologic
traction and heart rate. Increased pressure or volume woelction can keep a hypertrophied heart from deteriorating,
load in the left ventricle may be associated with stretchindput that already present compensatory changes in the myo-
of the ventricular wall and increased release of neurotransardium are irreversible. The persistence of cardiac hyper-
mitters that directly affect the growth of cardiac myocyte,trophy, combined with ventricular catecholamine depletion,
subsequently leading to secondary cardiac hypertrophymplies the occurrence of cardiac decompensation and heart
Based on a study on adult Sprague-Dawley rats, cardidailure. Constriction of the aortic lumen above the renal
hypertrophy induced by abdominal constriction was pro-arteries reduces the renal blood flow and elicits a prompt
posed to be mediated by the angiotensin type | receptor re=action in the renin-angiotensin system (Yetgal, 1968;
sulting in upregulation of the cardiac angiotensin type | andbymbaset al, 1983; Morgan and Baker, 1991; Kromer and
transforming growth factor-B genes (Everstal, 1994).  Riegger,1985; Salgado and Salgado,1989; Bakei.,

With an increase in hemodynamic challenge and ast990; Sadoshima and Izumo, 1993). Moreover, it also
sociated neurohumoral responsive reactions, the adaptiwauses an increase in plasma catecholamines and the renin
changes of myocardium from dysfunction during compen<oncentration in systemic circulation (Gelnetral, 1990;
sation to decompensation were noted (Meerson, 1969fymbaset al, 1983; Normanrt al, 1983). However, the
Changes in cardiac size, composition and function in theomplexity of neurohumoral response for vasopression and/
myocardium and myocytes usually depend on the cardiagr hypertrophic role on the myocardium still remains con-
status of hyperfunction, compensation or decompensatiotoversial (Morgan and Baker,1991; Salgadal., 1994,

If hemodynamic challenge is the primary factor involvedSenet al, 1974, 1977, 1981; Sen and Tarazi, 1983).
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(Zl’ ZC)’ compllanc-efo and card|a_c perfor-mfancwg Kromer, E.P. and Riegger, G.A.J. (1985) Effects of long-term angiotensin
Wo/Wt Pb, Pf, Pb/P) in r_ats after-aortlc constriction. These converting enzyme inhibitation on myocardial hypertrophy in experi-
results suggest that increasing pulse pressure can bemental aortic stenosis in the ram. J. Cardiol, 62:161-163.
corrected by these medications; however, low cardiatiu, Z., Brin, K.P. and Yin, F.C.P. (1986) Estimation of total arterial
output and high peripheral resistance can not be changed. Zomg“‘g‘}fei_AI”ZQF’;g‘éeBdH"ggg‘w and evaluation of current methods.

. . . . m. J. Physio : - .
The per5|stence of Cardlajc hypertrophy with erletlon 0[ompre, A.M., Nadal-Ginard, B. and Mahdovi, V. (1984) Expression of
Vem”CU_Iar CateCh_OI?-m'nes and low Vem”_CU|ar Ca_t' the cardiac alpha- and beta-myosin heavy chain genes is developmen-
echolamines was similar to that rats after aortic constric- tally and hormonally regulated. Biol. Chem 259.6437-6446.
tion without administration of captoten, propranolol or Meerson, F.Z. (1969) The myocardium in hyperfunction: hypertrophy and
prazosin. The renin-angiotensin system and sympatho-adr- heart failureCir. Res, 2XSuppl. 11):1-163.

. . Morgan, H.E. and Baker, K.M. (1991) Cardiac hypertrophy: mechanical,
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IMVEEERRBIENOE LESRMAELER - EEEMRENMNE(LEMLEERARIE - FRERa
IhEETVE - BIRER © BN EMEFMNER? MFEFEEORIEEBIENET? BAESDER - DS HIRELHEKIZ
IR E DG AR LS RSRAER - DUERESEORIEE - BS54  AMESEBEFHEHEME - 848
BESZIEIRELE o E - CHEZIHIRELR 2 BRBNMRRELE 438 > 0, ERFAEZEENARFELEL 5 AL captopril, pro-
pranolol % prazosin ;A1 6 8 o TERFREIMTRENIERMD » EBARFELEREIRE O\ HE A MNEIKEE o LEIRRTEEMEFEIRE
BT %18 » Micaptopril, propranclol prazosin (A & {ERERIEEERIAKIBIE - EEREMTEINZS - FEMRELHEILINE
FIIRAYPE T (impedance) » IV MEREE Tor KD EBIARAITI B % (compliance) © BEFREHRFE X EARAIFEIR ROl B4 EIEIE
T MEORMENEEEERANENEE - BEEYARA - FHREESTIHIRELRENEHELLTE - Bl FIRAFE
RAFMROEMESEHEEERIERNE - EENERREA - IEEAIOHE KO ZE U catecholamine FI3F4E 7T
R NARRNE - U LERSISEIA - THIREHFFZNEZMORIEERSERRSEM - A BLRre
nin-angiotensin R tHAZ sympatho-adrenergic RAXFTEEEEAIEN - AT MEEFTEMOANIEEHIRIEE
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