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EFFECTS ON SYSTEMIC AND CORONARY HEMODYNAMICS

CHANG-SENG LIANG, HARALAMBOS GAVRAS, and WILLIAM B. Hoop, JR.,
The Departments of Medicine and Pharmacology and the Cardiovascular
Institute, Boston University School of Medicine, the Cardiology and
Hypertension Departments of the Medical Service and Thorndike Memorial
Laboratories, Boston City Hospital, and the Departments of Medicine and
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ABSTRACT The role of the renin-angiotensin sys-
tem in the regulation of the systemic and coronary
circulations during sodium depletion was studied in
conscious normotensive dogs by i.v. administration of
teprotide (0.5 mg/kg), an angiotensin-converting
enzyme inhibitor, and saralasin (0.05-5 ug/kg per
min), an angiotensin-receptor antagonist. Sodium de-
pletion was produced by administering a low sodium
diet and furosemide for 5 days. Administration of both
teprotide and saralasin lowered systemic arterial blood
pressure and total peripheral vascular resistance.
Simultaneously, cardiac output increased, but left
ventricular end-diastolic pressure, dP/dt, and dP/dt/P
did not change significantly. Furthermore, both agents
reduced diastolic coronary vascular resistance and in-
creased coronary blood flow, but did not affect myo-
cardial oxygen consumption, left ventricular work, or
myocardial efficiency. These systemic and coronary
vasodilator effects of teprotide and saralasin, however,
were not observed in normal dogs on a regular sodium
diet; in this group, the only effect noted was a
slight increase in arterial pressure during saralasin
infusion. Arterial plasma concentration of norepi-
nephrine did not differ between normal and sodium-
depleted dogs, nor did it change significantly after
teprotide administration. These results suggest that,
during salt depletion, angiotensin II exerts an active
vasoconstrictor action on the systemic and coronary
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vessels, but has no significant effects on myocardial
contractility or energetics. It also appears likely that
the increase in cardiac output observed in sodium-
depleted dogs after angiotensin inhibition was caused,
at least in part, by the decrease in systemic arterial
pressure.

INTRODUCTION

Sodium depletion increases plasma renin activity
(PRA)! and blood angiotensin II concentration (1-3),
indicating an activation of the renin-angiotensin sys-
tem. This increase in *angiotensin II concentration
probably plays an important role in the maintenance
of normal arterial blood pressure during salt deple-
tion, because the arterial blood pressure decreases
under these conditions after administration of saralasin
(1-sarcosine-8-alanine-angiotensin II; P113) (2-7),
teprotide (SQ 20,881) (7-10), and SQ 14,225 (11).
Saralasin is a competitive receptor antagonist of
angiotensin II (4, 12, 13), whereas the latter two agents
inhibit angiotensin-converting enzyme, which con-
verts angiotensin I to the biologically active
angiotensin II (8, 13-16). Because angiotensin II is
one of the most potent vasoconstrictors known (17,
18), a decrease in arterial blood pressure after
angiotensin inhibition presumably is due to elimina-
tion of the angiotensin-induced vasoconstriction.
However, angiotensin II also exerts a positive
inotropic action on the heart (19, 20), the abolition
of which may lower the arterial pressure. Previous in-
vestigators (9, 10) have shown that cardiac output de-

! Abbreviation used in this paper: PRA, plasma renin
activity.
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creased in anesthetized salt-deprived rats after
teprotide administration. The physiologic role of the
renin-angiotensin system on myocardial contractility
during salt depletion, however, has not been in-
vestigated.

The present study was undertaken to determine the
effects of saralasin and teprotide on cardiac output,
myocardial mechanical function, and total peripheral
vascular resistance in salt-depleted conscious dogs.
Also studied was the possible role of the renin-
angiotensin system in the regulation of coronary cir-
culation during salt depletion. Angiotensin II may
affect the coronary blood flow and vascular resistance
either directly by its coronary vasoconstrictor action
or indirectly by systemic vasoconstriction, which in-
creases cardiac work and myocardial oxygen consump-
tion (20, 21). Furthermore, because saralasin may
exert a dose-dependent agonistic action on angiotensin
receptors (12, 22, 23), three doses of saralasin
were administered. Results of this study indicate that
angiotensin II exerts an active vasoconstrictor action
on the systemic and coronary vessels during salt
depletion, but has no significant effect on myocardial
contractility or energetics.

METHODS

Adult male beagles between 6.6 and 15.5 kg were studied.
Salt depletion was produced in 15 dogs by a low salt diet
(h/d Dietary Animal Food, Riviana Foods, Inc., Hills
Division, Topeka, Kan.), which provides 5-8 meq sodium
daily, and by administration of furosemide (10 mg i.m.
twice a day) for 5 days. A control group of 14 dogs was
placed on the same diet, to which 2.5 g sodium chloride
was added, for 5 days. Water was available ad lib.
All dogs were kept in individual metabolic cages. Urine
was collected each morning to determine the daily excretion
of sodium, using a Radiometer flame photometer FLM2
(Rainin Instrument Co. Inc., Brighton, Mass.); sodium
balance was recorded daily.

For the hemodynamic study, the animals were sedated with
morphine sulfate (1 mg/kg subcutaneously) and placed on
their sides with limbs lightly restrained. Under local lidocaine
anesthesia, the aorta and the coronary sinus were cannulated
with French 8 Cournand catheters and the pulmonary artery
with a French 7 Swan-Ganz catheter (Edwards Laboratories,
Inc., Santa Ana, Calif.). The aortic catheter was inserted
via a femoral artery. Both coronary sinus and Swan-
Ganz catheters were inserted under fluoroscopic guidance
via external jugular veins. All catheters were connected via
Statham P23Db pressure transducers to a multichannel Brush
480 recorder. (Gould, Inc., Instrument Systems Div., Cleve-
land, Ohio) for measuring blood pressures and heart rate.

The left ventricle was cannulated via the left carotid
artery by a Millar transducer-tip catheter (Millar Instrument,
Inc., Houston, Tex.) for measuring left ventricular end-
diastolic and systolic pressures, and the first derivative of left
ventricular pressure (dP/dt). The ratio of dP/dt to a de-
veloped left ventricular pressure of 50 mm Hg was calculated.
This pressure occurred during isovolumic systole, and this
ratio is referred to as dP/dt/P.

Cardiac output was determined by the indocyanine green
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(Cardio-Green) dye dilution technique (24), using a Gilford
model 140 cardiac output system (Gilford Instrument Labora-
tories Inc., Oberlin, Ohio). Cardiac output was divided into
the mean systemic arterial pressure to yield the total
peripheral vascular resistance. Arterial blood samples were
taken for measuring pH, pO,, and pCO, on a Radiometer
PHM71 Acid Base Analyzer (Rainin Instrument Co. Inc.,
Brighton, Mass.). Arterial and coronary sinus blood samples
were obtained for measuring oxygen content by a gas
chromatographic method (25).

Coronary blood flow was measured by a 4-aminoanti-
pyrine indicator method (26, 27). Diastolic coronary vascular
resistance (CVRd), left ventricular work (LVW), myocardial
oxygen consumption (MVO,), and myocardial efficiency
(ME) were calculated as follows (28):

Adm — CVm
csom-5) = .
CVRd (dyn‘s-cm™9) CBF X075 x DFP x 1,332;
. _LVsmxQx136
LVW (kg-m/100 g/min) = —Tooxw
MVO, (ml/100 g/min) = CBF x (C,0, — C.0;) + 1,000;
LVW

ME (%) = 100,

—_— X%
MVO, x 2.06

where Adm is arterial mean diastolic pressure, mm Hg; CVm,
coronary sinus mean pressure, mm Hg; DFP, coronary
diastolic inflow period, s/min; CBF, coronary blood flow,
ml/100 g/min; LVsm, left ventricular systolic mean pressure,
mm Hg; O, cardiac output, liters/min; W, left ventricular
weight determined at post-mortem, g; C,0,, femoral arterial
oxygen content, ml/liter; C,O,, coronary sinus oxygen
content, ml/liter.

PRA (29) was measured in both normal and sodium-de-
pleted dogs. After a 20-min control period during which
systemic and coronary hemodynamic measurements were ob-
tained, angiotensin inhibition was induced by administra-
tion of either teprotide or saralasin. Control systemic hemo-
dynamic values, given in Results, represent averages of
triplicate measurements. Arterial plasma norepinephrine con-
centrations (30) were measured before and 20 min after
teprotide administration.

Teprotide (0.5 mg/kg) was injected i.v., and systemic
hemodynamic measurements were repeated at 5-min intervals
for 30 min thereafter. Coronary blood flow was determined
20 min after teprotide administration. Pharmacologic in-
hibition of angiotensin-converting enzyme was assessed by
measuring aortic pressor responses to angiotensin I (0.5
ug, Schwarz/Mann Div., Becton, Dickinson & Co., Bio-
research, Inc., Orangeburg, N. Y.) given i.v. before, and
30 min after, teprotide administration.

Saralasin was administered by i.v. infusion at rates of
0.05, 0.5, and 5 ug/kg per min, each for 20 min. The
agent was diluted serially with normal saline for each dose
and infused at a rate of 0.229 ml/min with a Harvard
pump (Harvard Apparatus Co., Inc., Millis, Mass.). At the
time of each infusion, systemic hemodynamic measure-
ments were obtained every 5 min, and coronary blood flow
every 20 min. The pressor response to angiotensin II
(0.5 upg, iv.; Hypertensin, CIBA Pharmaceutical Co.,
Summit, N. J.) was measured at the control period and at
20 min of each infusion to determine the degree of angiotensin
II receptor blockade.

Experimental results were subjected to analysis of variance
for repeated measures (31); the statistical significance of dif-
ferences between the control and experimental values was
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determined by Dunnett’s test (32), changes being considered
statistically significant if P values are <0.05. Student’s
t test was used to determine the statistical significance of a
difference between two means.

RESULTS

_Effects of sodium depletion. A significant cumula-

tive negative sodium balance (—84+11 meq; mean
+SE; n = 15) occurred in dogs that received a low
§odium diet and furosemide. PRA was significantly
higher in these sodium-depleted dogs (19.4+4.4
ng/ml per h) than in the normal controls (6.2+1.6
ng/ml per h, n=14; P <0.05). Figs. 1 and 2
show that pressor responses to angiotensin I and II
were attenuated by sodium depletion. Also, compared
to those in normal dogs, cardiac output and left
ventricular end-diastolic pressure were lower, and total
peripheral vascular resistance higher, in sodium-de-
pleted dogs (Tables I and II). Other hemodynamic
parameters did not differ between the two groups.
Arterial bleod pH and gases were within the physio-
logical range in both normal and sodium-depleted dogs
and did not change significantly after administration of
either teprotide or saralasin.

Effects of teprotide administration. Teprotide ad-
ministration significantly reduced the arterial pressor
response to angiotensin I (Fig. 1). In the sodium-
depleted dogs, administration of teprotide decreased
systemic arterial pressure and total peripheral vascular
resistance (Fig. 3, Table I). Cardiac output and stroke
volume increased, but left ventricular end-diastolic
pressure, dP/dt, and dP/dtP did not change sig-
nificantly. A small but significant increase in heart rate
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FIGURE 1 Changes in pressor response to angiotensin
I (0.5 pg, iv.) after teprotide administration in nine
normal (shaded columns) and eight sodium-depleted (hatched
columns) . dogs. Brackets indicate SE. Asterisks indicate
values that are different from the control at P <0.05, as
determined by Dunnett’s test (32).
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FIGURE 2 Changes in pressor response to angiotensin
II (0.5 pg, i.v.) during successive saralasin infusions in
five normal (shaded columns) and seven sodium-depleted
(hatched columns) dogs. Brackets indicate SE. Asterisks
indicate values that are different from the control at
P <0.05, as determined by Dunnett’s test (32).

occurred 25-30 min after teprotide administration
(Fig. 3).

Teprotide also caused an increase in coronary blood
flow in sodium-depleted dogs (Table III). Coronary
sinus oxygen content increased (44+7-78+7 ml/liter)
and myocardial oxygen extraction decreased. Diastolic
coronary vascular resistance fell, but neither left
ventricular work nor myogardial efficiency changed
significantly.

These systemic and coronary vascular effects of
teprotide, however, did not occur in the normal dogs
(Tables I and 111, Fig. 3). Arterial plasma norepineph-
rine concentration did not change significantly after
teprotide administration in either normal (0.35+0.11-
0.42+0.10 ng/ml) or salt-depleted (0.45+0.09-
0.38+0.05 ng/ml) dogs.

Effects of saralasin infusions. Fig. 2 shows that the
pressor response to angiotensin II progressively de-
creased after successive infusions of saralasin. As with
teprotide administration, saralasin infusion decreased
systemic arterial blood pressure and total peripheral
vascular resistance in the sodium-depleted dogs (Fig. 4,
Table II). Cardiac output increased slightly, but heart
rate, stroke volume, left ventricular end-diastolic
pressure, dP/dt, and dP/dvP did not change sig-
nificantly.

Coronary blood flow increased slightly in sodium-
depleted dogs during the lowest-dose infusion of
saralasin but returned toward the preinfusion value at
higher doses (Table IV). Diastolic coronary vascular
resistance fell during all doses of saralasin infusion.



TABLE I
Systemic Hemodynamic Effects of Teprotide in Normal and Sodium-Depleted Dogs

Left ventricular
Mean Total peripheral
aortic Cardiac Heart Stroke End-diastolic vascular
pressure output rate volume pressure dP/dt dP/dyP resistance
mm Hg mllkgimin beatsimin mllkg mm Hg mm Hgls s7? dyn-s-cm™3
x 1073 x 1073
Normal dogs (n =9,
10.6+0.8 kg)
Control 123+3 190+12 73+5 2.6+0.2 8.2+1.1 4,18+0.25 59.4+2.1 5.55+0.57
Teprotide 121+3 190+13 70+4 2.7+0.3 7.8+1.1 4.30+0.32 60.0+2.3 5.69+0.75
Sodium-depleted dogs
(n =8, 9.1+0.7 kg)
Control 116+4 163+4 76+8 2.3+0.2 5.9+0.9 4.04+0.33 55.1+1.8 6.60+0.67
Teprotide 97+5* 198+11* 81x12 2.7+0.2* 5.8+0.8 4.08+0.43 55.9+3.0 4.72+0.66*

Values are means+SE before and 20 min after i.v. administration of teprotide (0.5 mg/kg). The numbers of experiments
and body weights of the dogs are given in parentheses after the headings for each experimental group.
* Values different from the control at P < 0.05, as determined by Dunnett’s test (32).

Myocardial oxygen extraction, myocardial oxygen con-
sumption, left ventricular work, and myocardial
efficiency did not change.

In normal dogs, saralasin infusion increased arterial
pressure slightly during the middle-dose infusion of
saralasin, but there were no changes in other hemody-
namic parameters measured (Fig. 4, Tables II and IV).

DISCUSSION

Sodium depletion was produced in the present
experiments by a low sodium intake and by ad-

ministration of furosemide (1, 17, 33). Hypovolemia
probably ‘was responsible for the reduced cardiac
output and left ventricular end-diastolic pressure in
these sodium-depleted dogs. The increased secretion
of renin was evidenced in the present study by the
increase in PRA and attenuated pressor responses to
angiotensin injection. It has been well documented
that the angiotensin pressor response correlates
directly with sodium balance but inversely with PRA
(34-36). This decrease in pressor activity of exogenous
angiotensin during salt depletion may be the result

TABLE 11
Systemic Hemodynamic Effects of Saralasin in Normal and Sodium-Depleted Dogs

Left ventricular

Mean Total peripheral
aortic Cardiac Heart Stroke End-diastolic vascular
pressure output rate volume pressure dP/dt dP/dy/P resistance
mm Hg ml/kg/min beats/min mllkg mm Hg mm Hgls st dyn-s-cm™
x 10~ x 10~
Normal dogs (n =5,
11.2+0.3 kg)
C 103+3 192+14 72+3 2.7+0.2 10.2+0.5 3.39+0.20 54.0+2.8 3.93+0.23
1 109+2 206+11 71+4 3.1+0.1 10.2+0.2 3.68+0.15 56.9+1.8 3.65+0.18
2 112+4* 180+10 65+4 .8+0.2 9.3+0.5 3.50+0.17 54.9+14 4.53+0.23
3 111+4 178+13 65+4 2.7+0.3 9.3+1.0 3.39+0.20 55.0+1.6 4.68+0.31
Sodium-depleted dogs
(n=17,11.1+0.9 kg)
C 114+5 165+6 83+6 2.0+0.2 5.4+1.6 3.91+044 57.9+3.8 5.35+0.44
1 109+5 181+11* 90+8 2.1+0.2 5.1+1.7 3.96+0.45 59.3+4.7 4.59+0.39*
2 96+ 6* 181+10* 85+8 2.2+0.3 46+1.8 3.77+0.42 57.5+4.3 4.11+0.44*
3 977 185+12* 96+9 .1+0.2 43+1.6 3.79+041 57.9+4.0 4.06+0.41*

Values are means=SE at a preinfusion control period (C), and at 20 min during each of the successive saralasin infusions
at rates of 0.05 (1), 0.5 (2), and 5.0 (3) ug/kg per min. The numbers of experiments and body weights of the dogs are given

in parentheses after the heading for each experimental group.

* Values different from the control at P < 0.05, as determined by Dunnett’s test (32).

Renin-Angiotensin Inhibition during Salt Depletion
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FIGURE 3 Changes in cardiac output, heart rate, systemic arterial blood pressure (BP), and
total peripheral vascular resistance after teprotide administration in nine normal (closed circles)
and eight sodium-depleted (open circles) dogs. Brackets indicate SE. Asterisks indicate
values that are different from the control at P <0.05, as determined by Dunnett’s

test (32).

of occupation of receptor sites by endogenous angio-
tensin (36).

The present study confirms that the renin-angioten-
sin system plays an important role in blood pressure
maintenance during salt depletion. Peripheral vascular

resistance was elevated and cardiac output reduced
during salt depletion, and administration of either
teprotide or saralasin lowered peripheral vascular
resistance and increased cardiac output. Furthermore,
the results suggest that the main action of teprotide

TABLE III
Coronary Hemodynamic Effects of Teprotide in Normal and Sodium-Depleted Dogs

Diastolic
Myocardial coronary Myocardial Left
Coronary oxygen vascular oxygen ventricular Mechanical
blood flow extraction i pti work efficiency
ml/100 gimin % dyn-s-cm™x 10"  ml/100 g/min kg -m/100 gimin %
Normal dogs
Control 77+9 76+3 91.6x+11.6 9.9+0.9 8.4+1.0 42+5
Teprotide 72+10 76+2 99.7+15.2 9.1+0.9 8.3+1.3 43+4
Sodium-depleted dogs
Control 69+5 75+3 96.0+7.0 8.6+0.4 6.4+0.3 37+2
Teprotide 120+13* 50+7* 47.8+9.5% 9.9+0.8 6.7+0.3 352

Values are means*SE before and 20 min after i.v. administration of teprotide (0.5 mg/kg). The numbers of experiments

and body weights of the dogs are the same as in Table I.

* Values different from the control at P < 0.05, as determined by Dunnett’s test (32).
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FIGURE4 Changes in cardiac output, heart rate, systemic arterial blood pressure (BP), and
total peripheral vascular resistance during successive saralasin infusions at rates of 0.05 (0-20
min), 0.5 (20-40 min), and 5.0 (40-60 min) pg/kg per min in five normal (closed
circles) and seven sodium-depleted (open circles) dogs. Brackets indicate SE. Asterisks
indicate values that are different from the control at P <0.05, as determined by Dunnett’s
test (32).

and saralasin during salt depletion is to reduce total
peripheral vascular resistance, because measurements
of myocardial contractility did not change sig-

nificantly (Tables I and II). All of these effects were
associated with a documented pharmacologic blockade
of the renin-angiotensin system, as shown by the

TABLE IV
Coronary Hemodynamic Effects of Saralasin in Normal and Sodium-Depleted Dogs

Diastolic
Myocardial coronary Myocardial Left
Coronary oxygen vascular oxygen ventricular Mechanical
blood flow extraction i ption work efficiency
ml/100 gimin % dyn-s-cm™x 10  ml/100 g/min kg -m/100 g/min %
Normal dogs
C 79+8 64+7 73.5+12.1 8.4+0.8 6.8+0.5 42+6
1 80+4 65+5 63.5+9.9 8.9+0.9 7.9+0.5 45+4
2 78+7 70+6 79.7+10.4 8.9+0.6 6.7+04 37+3
3 T7+7 67+5 79.3+6.2 8.3+0.5 6.4+0.6 37+2
Sodium-depleted dogs
C 84+10 66+4 69.0+10.3 9.1+0.8 6.2+0.7 34+4
1 98 +6* 61+4 52.0+4.0* 10.9+0.8 6.8+0.7 31+4
2 94+9 65+5 48.2+6.7* 9.4+0.6 5.7+0.7 30=+3
3 90+6 73+3 47.2+6.6* 9.5+04 5.8+0.7 30=+3

Values are means+SE ata preinfusion control period (C), and at 20 min during each of the successive saralasin infusions at
rates 0£0.05 (1), 0.5(2), and 5.0 (3) ug/kg per min. The numbers of experiments and body weights of the dogs are the same as

in Table II.

* Values that are different from the control at P < 0.05, as determined by Dunnett’s test (32).

Renin-Angiotensin Inhibition during Salt Depletion
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attenuated responses to injected angiotensin I and II
(Figs. 1 and 2).

Angiotensin II may produce cardiovascular changes
indirectly by its actions on the central and periph-
eral sympathetic pathways. Centrally, angiotensin
stimulates the area postrema, which modulates
medullary vasomotor activity. In the peripheral
sympathetic system, angiotensin has been shown to
stimulate sympathetic ganglia and the adrenal medulla,
to potentiate neurotransmitter biosynthesis and re-
lease, and to inhibit reuptake of norepinephrine at the
nerve endings (37). Our arterial plasma norepinephrine
measurements, however, did not indicate an increase
in sympathetic activity during salt depletion. It appears
likely that during high renin states angiotensin II
acts to maintain normal arterial blood pressure by its
direct vasoconstrictor action (20, 21).

Teprotide produced no systemic hemodynamic ef-
fects in normal dogs, suggesting that the renin-
angiotensin system plays no important role in main-
taining arterial blood pressure in dogs on a regular
sodium diet. In contrast, arterial blood pressure
increased transiently in normal dogs during saralasin
infusion, probably because of the partial agonist effect
of saralasin. These results also indicate that neither
agent has primary vasodepressor effects in normal dogs,
and that the vasodilation produced by both agents in
sodium-depleted dogs probably is related to the high
angiotensin II level. Nevertheless, it may still be
possible that a primary drug-induced vasodilation may
occur during sodium depletion.

Cardiac output increased in salt-depleted dogs after
teprotide administration and during saralasin infusion.
This increase in cardiac output was associated with a
decrease in mean aortic pressure, whereas neither left
ventricular end-diastolic pressure nor myocardial con-
tractility changed significantly. Vasodilators, such as
nitroprusside, have been shown to increase cardiac out-
put during heart failure (38). Nitroprusside, how-
ever, has no significant action on cardiac output in
normal subjects (39), probably because it also dilates
capacitance vessels and reduces the filling pressure
of the heart, thus offsetting the effects of afterload
reduction on cardiac output. Cardiac output, neverthe-
less, increases significantly in normal animals during
nitroprusside infusion when the filling pressure of the
heart is maintained (40). In our experiments in sodium-
depleted dogs, inhibition of angiotensin, which has its
predominant effect on resistance vessels (18), de-
creased aortic blood pressure but had no effect on
the left ventricular end-diastolic pressure. The de-
crease in aortic pressure may have been responsible
for the increased cardiac output, as occurs when
filling pressures are maintained during nitroprusside
infusion, or after other maneuvers that reduce

880 C. Liang, H. Gavras, and W. B. Hood, Jr.

ventricular afterload without affecting the capacitance
vessels (41-43).

Previous investigators (9, 10) reported that cardiac
output decreased in salt-depleted anesthetized rats
after teprotide administration. However, in their
experiments neither cardiac output nor systemic
vascular resistance was altered by salt depletion, in
apparent contradiction to our present study as well as
the studies of others (2) in conscious dogs. Myocardial
contractility was not measured in the rat experiments.
The differences in species, degree of sodium deple-
tion, and experimental methods might account for the
variation in experimental results.

Coronary blood flow increased in salt-depleted dogs
after angiotensin inhibition. The association of in-
creased coronary blood flow with an increase in
coronary sinus oxygen content and a decrease in
myocardial oxygen extraction (Table III) suggests
that an active coronary vasodilation occurred 20
min after teprotide administration. These effects of
teprotide, however, are short-lived, because coronary
blood flow returns toward control values after an ad-
ditional 20 min, although systemic and coronary
vascular resistances are still decreased (unpublished
observations). Likewise, coronary blood flow only in-
creased significantly within the first 20 min of saralasin
infusion; however, in this instance, the magnitude of
the flow increase was small, and was not associated
with significant narrowing of the coronary arterio-
venous oxygen difference.

Coronary blood flow is determined largely by myo-
cardial metabolic demand, which may offset the
coronary vascular effects of neural or humoral mech-
anisms (44, 45). In the control state in these experi-
ments, before angiotensin inhibition, coronary blood
flow and diastolic vascular resistance in normal and
sodium-depleted dogs did not differ. Thus, there was
no evidence that sustained stimulation of the renin-
angiotensin system as a result of salt depletion and
furosemide administration over a 5-day period in-
fluenced the normal relationship between coronary
flow and myocardial metabolic demand. However,
when the renin-angiotensin system was inhibited
acutely by saralasin or teprotide in the salt-depleted
animals, there was a prompt decrease in coronary
vascular resistance and an increase in coronary blood
flow. The findings suggest that the known vasocon-
strictor effects of renin-angiotensin system activa-
tion upon the systemic vasculature are shared by the
coronary vascular bed. This is consistent with the
view that the coronary vessels are at least as sensi-
tive to the constrictor effects of angiotensin as are
vessels in skin and skeletal muscle (46). The in-
crease in coronary blood flow produced by saralasin
and teprotide, however, disappeared after 40 min even



while effects of angiotensin blockade upon peripheral
vascular resistance and cardiac output persisted. The
mechanism for this transient effect remains uncertain,
but it probably relates to the dominant control of
coronary blood flow by myocardial metabolic demand
(44, 45). Neither left ventricular work nor myocardial
oxygen consumption was changed significantly by
renin-angiotensin system inhibition. The persistent
low diastolic coronary vascular resistance during the
late phase of angiotensin inhibition most likely repre-
sents a physiologic response of the coronary vascula-
ture to maintain normal coronary blood flow in the
presence of a reduced aortic diastolic pressure.

A decrease in aortic pressure may activate the
baroreceptor reflex, which increases coronary blood
flow by stimulating the myocardium to increase con-
tractility and heart rate. Stimulation of cardiac sym-
pathetic nerves also produces a direct constrictor ef-
fect on coronary vessels, but the indirect myocardial
effects usually predominate (44). Massive sympathetic
discharges probably did not occur as aortic pressure
decreased during angiotensin inhibition in our experi-
ments. Plasma norepinephrine concentration did not
increase after teprotide administration, nor did
myocardial contractility change significantly after ad-
ministration of teprotide or saralasin. Heart rate in-
creased only slightly 25-30 min after teprotide ad-
ministration. In addition, the responsiveness of the ef-
ferent sympathetic nervous system of the baroreceptor
reflex is decreased during salt depletion (47). It seems
unlikely that sympathetic activation could have played
a major role in causing the systemic and coronary hemo-
dynamic changes observed in our study.

Teprotide is known to inhibit kininase and to aug-
ment the effects of bradykinin (14, 48, 49). Bradykinin
exerts considerable vasodilator activity on systemic and
coronary vascular beds. It decreases arterial pressure,
and increases cardiac output and coronary blood flow
in dogs (18, 50). Results of the present study, how-
ever, do not allow us to define the role of this
bradykinin-potentiating effect of teprotide on systemic
and coronary hemodynamics in normal and sodium-de-
pleted dogs. The fact that both teprotide and saralasin
produced qualitatively similar changes suggests that
these effects are primarily the result of blockade of
the renin-angiotensin system. The quantitative dif-
ferences in the effects of teprotide and saralasin on
systemic and coronary vascular resistances may be due
to the slightly higher preinfusion control values in the
teprotide groups, the partial agonist effects of saralasin,
or the bradykinin-potentiating action of teprotide.

In summary, the present experiments show that
activation of the renin-angiotensin system during
sodium depletion contributes to circulatory homeostasis
through vasoconstriction, but has no effect upon
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myocardial contractility or energetics. Under these
conditions, blockade of the renin-angiotensin system
lowers peripheral vascular resistance and arterial blood
pressure, and increases cardiac output and coronary
blood flow. Similar effects upon blood pressure have
been demonstrated in patients with renin-dependent
hypertension (23, 51, 52) and, in patients with
congestive heart failure, peripheral vascular resistance
decreased and cardiac output increased (53, 54). How-
ever, extensive clinical experience with saralasin and
teprotide is lacking, and the ultimate role which these
agents may have in the therapy of hypertension or
congestive heart failure is yet undefined. Inasmuch as
saralasin and teprotide act by blocking intrinsic
humoral mechanisms, which may in turn maintain
vasomotor tone in key vascular beds such as the
coronary circulation, they may possess therapeutic
advantage over other currently available blood pres-
sure-lowering agents. This may prove important in
clinical states such as acute myocardial infarction and
chronic ischemic heart disease.
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