
PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 181, 125-1 30 (1986) 

Evaluation of Angiotensins II and Ill as Vasoconstrictors in the Hepatic 
and Hindlimb Vasculatures of Dogs (42233) 

STEVEN L. BRITTON, THEODORE F. RONAU, AND PATRICIA J. METTING 
Cardiovascular Laboratory, Department of Physiology, Medical College of Ohio, Toledo, Ohio 43699 

Abstract. Previous work has demonstrated that intravenously administered angiotensin I1 is 
more potent than angiotensin 111 as a systemic vasopressor agent. We tested the hypothesis that 
this difference in potency is caused at least partially by angiotensin I1 being more potent than 
angiotensin 111 as a vasoconstrictor in the hindlimb and hepatic vasculatures. The effects of an- 
giotensins I1 and I11 on hindlimb and hepatic blood flow were evaluated in 14 dogs anesthetized 
with pentobarbital. Blood flows were measured electromagnetically. Graded doses of angiotensins 
I1 and 111 were administered as bolus injections directly into the arterial supply of the hindlimb 
and liver. On the basis of duration and graphic integration of the flow responses, but not on the 
basis of absolute changes in amplitude, angiotensin I1 was significantly more potent than angiotensin 
111 as a vasoconstrictor in the hindlimb vasculature. In the hepatic circulation the flow changes 
produced by angiotensin I1 and angiotensin 111 were not significantly different on the basis of 
duration. graphic integration, or amplitude. We conclude that (i) differential vasoconstrictor re- 
sponses of the hindlimb, but not the hepatic circulation, to angiotensins I1 and I11 contribute to 
the difference in systemic vasopressor potency between these two peptides, and (ii) because flow 
responses are an integral event with duration and constantly varying amplitude, evaluation of 
vasoconstrictor potency based only upon amplitude of the flow changes can be misleading. 
Q 1986 Society for Experimental Biology and Medicine. 

It is well documented that angiotensin I1 is 
an important regulator of systemic arterial 
blood pressure (1)  and sodium and potassium 
balance (2). More recent work has suggested 
that angiotensin I11 (des-Asp'-angiotensin 11) 
is also an important agonist peptide. Angio- 
tensin I11 has been identified in the blood of 
man (3) and animals (4-6), and pathways for 
the formation of angiotensin I11 have been 
evaluated (7-1 1). The pressor activity of in- 
travenously administered angiotensin I11 is 
approximately 20-4070 of the activity of an- 
giotensin I1 ( 12- 14). Thus, angiotensin I1 may 
be expected to be more potent than angioten- 
sin I11 as a vasoconstrictor in the major pe- 
ripheral vascular beds. Other investigators 
have concluded, however, that angiotensins I1 
and 111 are equal as vasoconstrictors in the 
renal ( 15, 16) and in the mesenteric and fem- 
oral vasculatures ( 17). These findings suggest 
that the greater vasopressor potency of angio- 
tensin I1 relative to angiotensin I11 is not due 
to angiotensin I1 being a more potent vaso- 
constrictor in most major vasculatures. In 
subsequent studies, however, we concluded 
that the difference in arterial pressor activity 
between angiotensins I1 and I11 is at least par- 

tially attributable to their differences in poten- 
cies as vasoconstrictors in the mesenteric ( 18) 
and renal ( 19) circulations. 

The purpose of the present study was to 
evaluate the potencies of angiotensins I1 and 
I11 as vasoconstrictors in the hepatic and 
hindlimb vasculatures of dogs. Our data dem- 
onstrate that these peptides are equipotent in 
the hepatic arterial circulation but that angio- 
tensin I1 is more potent than angiotensin 111 
in the hindlimb vasculature. 

Methods. Experiments were performed on 
14 mongrel dogs ( 12- 18 kg) of either sex that 
were maintained on a normal diet of dog chow 
and water ad libitum. They were fasted for 15 
hr before each experiment and then anesthe- 
tized with sodium pentobarbital (30 mg/kg, 
intravenously). The right femoral vein was 
cannulated for administration of additional 
anesthetic agent. Femoral artery blood pres- 
sure was measured with a pressure transducer 
(Statham P23Db) and recorded on a Beckman 
R611 polygraph. Heart rate was measured 
with a Beckman cardiotachometer. All dogs 
were ventilated mechanically with a Harvard 
respirator and the minute-volume ventilation 
was selected by reference to the nomogram of 
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Kleinman and Radford (20). Esophageal tem- 
perature was monitored and maintained at 37 
k 1°C with a heat lamp. 

Arterial blood flows to the liver and hind- 
limb were measured with noncannulating 
electromagnetic flow probes. Access to blood 
vessels was made through an abdominal mid- 
line and left subcostal incision. For measure- 
ment of hepatic flow a probe was positioned 
around the celiac artery at its origin from the 
aorta. The left gastric artery was ligated and 
cannulated in the retrograde direction with a 
small polyethylene catheter (PE 50). This 
catheter was maneuvered until its tip was po- 
sitioned in the hepatic artery and then ad- 
vanced orthogradely into the hepatic artery for 
approximately 1 cm. This catheter was used 
to deliver drugs. The splenic artery was then 
ligated at its origin from the celiac. Ligation 
of the splenic and left gastric arteries caused 
all blood flow through the celiac artery to be 
delivered to the hepatic artery. A hydraulic 
occluder was positioned around the hepatic 
artery for determination of zero blood flow. 
For measurement of hindlimb blood flow a 
noncannulating probe was positioned around 
the left external iliac artery. An occluder was 
positioned distal to the probe. Distal to the 
occluder, a curved 23-gauge needle attached 
to polyethylene tubing (PE 50) was inserted 
into the artery for the administration of drugs. 
After completion of the operation, 30 min was 
allowed for stabilization of the preparation 
before beginning drug injections. 

Zero-flow baselines were established at the 
beginning of each experiment and checked 
periodically by inflation of the hydraulic oc- 
cluding cuffs with 10 lb/in.2 of air pressure. 
The flow probes were calibrated in situ at the 
end of each experiment by cannulating the 
hepatic and external iliac arteries distal to the 
position of the flow probes and diverting flow 
into a graduated cylinder for 30-sec intervals. 
At all flow levels, the relationship between the 
output of the flow probes and the directly 
measured blood flows was linear. 

In each dog, the effects of graded doses of 
angiotensin I1 [>0.917 mole of peptide/mg 
(>97% angiotensin 11)] and angiotensin I11 
[>1.032 mole of peptide/mg (>96% angio- 
tensin III)] upon hepatic and hindlimb blood 
flows were evaluated. All of the angiotensin 
peptides were purchased from Beckman (Palo 

Alto, Calif.). All agonists were dissolved in sa- 
line and each dose (vol = 0.2 ml) was admin- 
istered as a bolus injection directly into the 
arterial catheter of the hepatic and hindlimb 
vasculatures. A constant infusion of saline (1 .O 
ml/min) to each vasculature delivered the 
bolus injections of agonists through the injec- 
tion catheters into the arterial blood; this 
method allowed each dose to be delivered to 
each vascular bed in a standardized fashion. 
The injection schedule with respect to agonist 
and dose was randomized, and sufficient time 
(8 min) as determined in preliminary studies 
elapsed between injections so that tachyphy- 
laxis did not develop. 

Changes in hepatic and hindlimb blood flow 
consequent to bolus injections of angiotensins 
I1 or I11 were examined by measuring three 
characteristics of the blood flow response (Fig. 
1): (i) maximal change in the amplitude of the 
blood flow response as measured from its 
preinjection value; (ii) duration of the response 
as measured from the time of agonist injection 
until the flow returned to the preinjection 
value; and (iii) graphic integration (area) of 
the flow response as a function of the maximal 
possible flow change that could have occurred 
during the 400 sec after injection of an agonist. 
Integration for 400 sec was chosen because 
flow in both vascular beds had returned to 
preinjection levels, or within 10% of preinjec- 
tion levels, in all of the experiments within 
that time. Integration of flow responses was 
performed with a compensating polar pla- 
nimeter (Lasico, Model 1-10). The percentage 
change in area was calculated as the area of 
change in flow (area x) divided by the area 
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FIG. 1 .  Changes in hindlimb and hepatic blood flow 
produced by the agonist peptides were evaluated by mea- 
suring three variables: ( 1 )  duration (D)  of the flow decrease; 
(2) amplitude ( A )  of the flow decrease; and (3) graphic 
integration (area) of flow change response. Integrated re- 
sponses are expressed as percentage of maximal possible 
flow change (area x/area x + area y )  that could have oc- 
curred during the 400 sec after injection of the peptides. 
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representing the maximal possible change in 
flow (area x and y), and this quotient was mul- 
tiplied by 100. 

The statistical significance of differences 
between the responses to angiotensin I1 and 
angiotensin I11 were evaluated by Student's 
paired t test (2 1); P values of ~ 0 . 0 5  were con- 
sidered significant for differences. Values are 
reported as means +1 SEM. 

Results. Hindlimb. Hindlimb blood flow 
decreased in a dose-dependent fashion in re- 
sponse to direct intraarterial bolus injections 
ofboth angiotensins I1 (25-400 pmole) and I11 
(50-800 pmole) (Fig. 2). There were no sig- 
nificant differences in potency between angio- 
tensins I1 and 111, at any dose tested, when the 
responses were evaluated on the basis of per- 
centage change in amplitude of the flow re- 
sponse. On the basis of duration of the flow 
change and percentage change in area of the 
flow response, however, angiotensin I1 was 
significantly more potent than angiotensin I11 
at the higher doses tested. At the dosage of 200 
pmole, angiotensin was 45% more potent than 
angiotensin I11 on the basis of duration, and 
62% more potent on the basis of percentage 
change in area. 

Figure 3 shows the average change in hind- 
limb blood flow (as % of control value) that 
occurred in response to 400 pmole of each an- 
giotensin peptide for all 14 animals studied. 
The qualitative responses to both angiotensin 
I1 and angiotensin I11 were similar. The max- 
imal change in amplitude of the flow response 
occurred at 40 sec after the injection for both 
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FIG. 3. Average hindlimb blood flow responses to 400 pmole of angiotensins I1 and 111 taken each 10 sec 
after the start of agonist injection. Each point represents the average response from 14 dogs; vertical lines 
represent f l  SEM. (*<0.05 for angiotensin I1 compared to angiotensin 111 responses). 
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peptides. Angiotensin 11, however, maintained 
a significantly greater reduction in flow for a 
longer duration relative to the responses to 
angiotensin 111. Flow responses to angiotensin 
I11 had returned to 90% of the baseline value 
(control) by 260 sec, while similar flow recov- 
ery for the angiotensin I1 responses required 
340 sec on the average. These data clearly 
demonstrate that an assessment of relative po- 
tency based only upon measurement of am- 
plitude of flow responses is inadequate. 

Hepatic. Figure 4 shows the effects of an- 
giotensins I1 and I11 (25-400 pmole) upon flow 
in the hepatic circulation. On the basis of per- 
centage change in amplitude and percentage 
change in area of the flow response, no differ- 
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FIG. 4. Dose-response curves for changes in three vari- 
ables of hepatic blood flow caused by angiotensin I1 (AII, 
unfilled circles) and angiotensin I11 (AIII, filled circles). 
Each point represents the average response from 14 dogs; 
vertical lines represent + I  SEM. (*<0.05 for angiotensin 
I1 versus angiotensin I11 responses). 

ences were found between the responses to 
angiotensin I1 and angiotensin I11 in the he- 
patic vasculature. At the lowest dosage only 
(25 pmole), however, the average duration of 
the responses to angiotensin I11 was 45% longer 
than the responses to angiotensin 11; at all other 
doses the durations of responses to the peptides 
were not significantly different. Figure 5 shows 
the average change in hepatic blood flow (as 
percentage of control value) that occurred in 
response to 400 pmole of each peptide for all 
14 animals. At all times during the response 
the flow changes caused by angiotensins I1 and 
I11 were not significantly different. 

Baseline systemic arterial blood pressure, 
iliac blood flow, and hepatic blood flow re- 
mained stable throughout the procedure. The 
average iliac blood flow was 78 f 10 ml/min 
at the beginning of the experiment and 78 k 14 
ml/min at the end. Hepatic blood flow aver- 
aged 252 k 28 ml/min at the beginning of the 
experiment and averaged 284 f 37 ml/min at 
the end; corresponding mean arterial blood 
pressures were 125 k 4 and 127 k 4 mm Hg, 
respectively. Mean systemic arterial blood 
pressure increased on the average less than 3 
mm Hg in response to the intraarterial injec- 
tions of the two higher doses of both peptides 
into each vasculature. Although this increase 
in pressure was small, it occurred consistently, 
and was thus significant statistically (P < 0.05). 

Discussion. We conclude from our results 
that angiotensins I1 and I11 are equipotent as 
vasoconstrictors in the hepatic arterial vascular 
bed. The hepatic blood flow responses to both 
of the peptides were similar when analyzed on 
the basis of amplitude, duration, or area. In 
the hindlimb vasculature, however, angioten- 
sin I1 was more potent than angiotensin I11 on 
the basis of duration and area of the vasocon- 
strictor responses. Analysis of hindlimb blood 
flow responses by measuring amplitude of the 
responses revealed no significant difference in 
potency between angiotensins I1 and 111. We 
think that analysis by integration of the flow 
responses is the best method for evaluating the 
relative potency of vasoconstrictor agents. 
Flow changes in response to agonists are in- 
tegral events that have duration and varying 
amplitudes during their duration that are often 
of complex configuration. The sum of all in- 
teracting factors that determine the extent to 
which a vasoactive compound alters blood 
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FIG. 5 .  Average hepatic blood flow responses to 400 pmole of angiotensins I1 and 111 taken each 10 sec 
after the start of agonist injection. Each point represents the average response from 14 dogs; vertical lines 
represent F 1 SEM. 

flow is revealed in integral analysis. Thus, 
conclusions regarding the potency of a com- 
pound based solely on analysis of amplitude 
of the responses can be misleading. Differences 
in analysis of data could explain why we con- 
clude (1 9), in contrast to other reports (1 5, 
17), that angiotensin I1 is more potent than 
angiotensin I11 as a vasoconstrictor in the renal 
and hindlimb vasculatures. 

Our data suggest that differential vasocon- 
strictor potency between angiotensins I1 and 
I11 in the hindlimb, but not the hepatic cir- 
culation, contribute to the observed greater 
potency of angiotensin I1 administered intra- 
venously as a constant infusion on systemic 
arterial blood pressure ( 12). Differences in va- 
soconstrictor potency are clearly not the only 
mechanism by which angiotensin I1 could 
possess greater pressor activity than angioten- 
sin 111. For example, Stokland et al. (22) con- 
cluded that about one-half of the rise in arterial 
blood pressure produced by an infusion of an- 
giotensin I1 was due to an increase in end- 
diastolic blood volume that occurred primarily 
because of a redistribution of blood from the 
splanchnic circulation. To our knowledge, the 
effects of angiotensin I11 upon cardiac preload 
have not been evaluated. Further, it would be 
interesting to know if equipressor doses of an- 
giotensins I1 and I11 have similar or different 
effects upon cardiac output and its distribu- 
tion. 

Our data demonstrate that angiotensin I1 is 
a more powerful vasoconstrictor than angio- 
tensin I11 in the hindlimb, but not in the he- 
patic circulation. Several factors could con- 

tribute to the differential vasoconstrictor 
properties of angiotensins I1 and 111. First, an- 
giotensin peptides, besides acting directly upon 
vascular smooth muscle, can modulate the re- 
lease and action of other vasoactive agents 
such as norepinephrine and prostaglandins (1). 
Second, angiotensins I1 and I11 may act on the 
same receptor site, but the receptor affinity for 
each peptide may differ. In contrast, there may 
be different receptor sites for the two peptides 
(23). Third, there may be differential binding 
of the peptides to specific or nonspecific re- 
ceptor sites, which are unrelated to smooth 
muscle contraction. Fourth, there may be dif- 
ferential enzymatic catabolism of the peptides. 
In accord with this last possibility is the ob- 
servation of Goodfriend and Peach (23) that 
angiotensin I11 is more susceptible to degra- 
dation than is angiotensin I1 in adrenal glo- 
merulosa cells. Finally, it is possible that an- 
giotensin I1 is more potent than angiotensin 
I11 in the hindlimb circulation because it is 
more potent as a potentiator of sympathetic 
nervous system activity. Numerous studies 
have demonstrated that angiotensin I1 poten- 
tiates sympathetically mediated neural vaso- 
constriction by both presynaptic and postsyn- 
aptic mechanisms (1). To our knowledge, the 
efficacy of angiotensins I1 and I11 for poten- 
tiating sympathetic neural activity in the 
hindlimb circulation has not been evaluated. 
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