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Despite intensive efforts to evaluate an- 
tihypertensive drugs in laboratory animals, a 
number of agents were first shown to possess 
activity in man. Although numerous laborato- 
ry models have been devised in attempts to 
assess aintihypertensive efficacy it is now gen- 
erally thought that a model possessing an 
elevated blood pressure is to be desired ( 1). 
Accordingly, a variety of hypertensive models 
have belen created, some of which are based 
upon the use of genetically bred hypertensive 
strains of rats (2-4), unilateral nephrectomy 
in dogs and rats usually accompanied by ad- 
ditional pharmacological or surgical manipu- 
lation of the contralateral kidney ( 5 ,  6) ,  the 
daily administration of deoxycorticosterone 
for extended periods of time ( 7 )  neurogeni- 
cally-induced ( 8) and pinealectomy-induced 
hypertension (9) , among others. These mod- 
els, though useful, all require time prior to 
the development of elevated blood pressures. 

Accordingly, we report our preliminary re- 
sults inducing acute hypertension in dogs by 
the constant infusion of angiotensin 11, and 
the results obtained with three known antihy- 
pertensive drugs> hydralazine, sodium nitrite, 
and hexamethonium. 

ikfethods. Mongrel dogs of either sex were 
anesthetized with pentobarbital sodium (30 
mg/kg, ip). Blood pressure (BP) was rec- 
orded via an indwelling femoral arterial 
catheter attached to a P23AC Statham pres- 
sure transducer, and a permanent record was 
made on a direct writing polygraph. Follow- 
ing an initial control period, two groups of 
experiments were performed on a total of 30 
dogs. In  the control group, either hydrala- 
zine, sodlium nitrite, or hexamethonium was 
administered once, in a shgle dose of 10 
mg/kg, jv. In the second group, angiotensin 

I1 was infused into the contralateral femoral 
vein at a constant rate, so that systolic blood 
pressure was elevated at least 50 mm Hg. 
This required an infusion of approximately 
75 ng/min/animal. Thirty min following the 
beginning of this infusion, a single dose of 10 
rngJkg, iv of either hydraIazine, sodium ni- 
trite, or hexamethonium was administered. 
All drug solutions were freshly prepared each 
day. 

ResuZts. Figure 1 illustrates the mean re- 
sponses observed following the administration 
of three different hypotensive drugs in nor- 
motensive anesthetized dogs. As shown, fol- 
lowing hydralazine, systolic BP continued to 
rise steadily for the next 50 min from an 
initial mean level of 137 to 172 mm Hg, and 
diastolic BP fell initially from a control of 82 
to 63 mm Hg shortly after administration. 
However, after the 10-min level, diastolic BP 
continued to rise and approximated the con- 
trol reading at  + S O  min. Thus, in the 
presence of normotension, the iv administra- 
tion of hydralazine was characterized by a 
rather transient fall in diastolic BP, a pro- 
longed elevation of the systolic BP, and the 
mean arterial BP was therefore elevated (105 
vs 127  mm Hg). 

The blood pressure responses elicted by 
sodium nitrite and hexamethonium in anes- 
thetized normotensive dogs are also shown in 
Fig. 1. Sodium nitrite lowered systolic RP 
from a control of 131 to 92 mm Hg, and 
diastolic BP from 62 to 5 5  mm Hg at +20 
min. Thereafter, both systolic and diastolic 
continued to rise, although systolic BP 
never exceeded the initial control level. 

Hexamethonium produced a pronounced 
fall in systolic BP from a control of 136 to 97 
mm Hg, and a diastolic fall from 76 to 50 
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FIG. 2 .  Mean blood pressure responses in the anesthetized dog: Angiotensin I1 administered by 

constant iv infusion, and hydralazine, sodium nitrite (NaN02) and hexamethonium given as 
indicated: Number of individual experiments is given in parentheses. 
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marked fall in diastolic BP which persisted 
throughout the experiment. However, by 
+lo0 min systolic B P  had crept back to pre- 
drug levels. Nevertheless, if one compares the 
prehydralazine BP levels a t  +30 min 
( 19 1/12 5 to the posthydralazine levels at 
+lo0 min (193/105) i t  is apparent that hy- 
dralazine has a prolonged and significant 
effect upon the diastolic BP, even though the 
mean arterial BP only fell from 158 to 149 
mm Hg. Thus, the antihypertensive effect of 
hydralazine was unmasked in the presence 
of an elevated BP. 

The administration of sodium nitrite and 
hexamethonium in the presence of angioten- 
sin-induced hypertension is also illustrated in 
Fig. 2. Again, the peak depressor effect of 
sodium nitrite occurs very shortly after ad- 
ministration (186/121 to 144/102) with both 
systolic ;and diastolic BP rising slowly 
thereafter, although neither ever reached pre- 
drug levels before the experiment was termi- 
nated. 

The results with hexamethonium are of in- 
terest because in the presence of angiotensin- 
induced hypertension, the systolic BP never 
fell below that produced by sodium nitrite, 
whereas it did in the absence of angiotensin 
(see Fig. 1). Although the significance of this 
observation is unclear, hexamethonium pro- 
duced a significant hypotensive reponse 
(195/126 to 167/105) reaching its low point 
a t  +SO min. 

Discussion. These results suggest that cer- 
tain antilhypertensive drugs (e.g., hydrala- 
zine), can (be shown to produce depressor re- 
sponses in the presence of an elevated blood 
pressure. Indeed, in normotensive dogs, the 
administration of hydralazine resulted in an 
increase in both systolic and mean arterial 
blood pre'- .mre. 

It is possible hhat the increase in systolic 
blood pressure produced by hydralazine in 
the normotensive animal was the result of a 
direct action upon the heart. That this possi- 
bility exists is suggested by the fact that 
propranolol can attenuate peripheral vascular 
and cardiac responses elicited by hydrala- 
zine (10). Thus, the increase in systolic pres- 
sure may be the result of a direct chronotrop- 
ic and/or inotropic action. The fact that this 

does not occur in the angiotensin-induced 
hypertensive dogs may be due to bhe fact 
that: (a) the systolic BP level is close to its 
ceiling, or (b) that in some manner angioten- 
sin antagonizes the effects of hydralazine 
upon the myocardium, either directly or in- 
directly. 

A variety of blood pressure responses elic- 
ited by angiotensin in laboratory animals 
have been described by Peart (1 1). Tachy- 
phylaxis is a frequent observation, which ap- 
pears to be dependent on the particular octa- 
peptide analogue of angiotensin employed 
(12). However, a continuous iv infusion of a 
small amount of angiotensin I1 failed to pro- 
duce tachyphylaxis. 

In  addition, there are two dose-relaied re- 
sponses accompanying continuous infusion. 
Low doses apparently produce a sustained 
pressor response for long periods (months) , 
and higher doses produce a transient eleva- 
tion in blood pressure which returns to con- 
trol levels even though the infusion is main- 
tained (13-15). This dose relationship also 
seems to be manifest on isolated cardiac tis- 
sue since Beaulnes ( 16), using cat papillary 
muscle and the atria of cat and rabbit, re- 
ported positive chronotropic and inotropic re- 
sponses to concentrations of angiotensin less 
than 0.1 pgJml, but above that, depression 
occurred. 

Initially, investigators were led to the con- 
clusion that sustained elevation of blood pres- 
sure in animals could not be obtained by 
angiotensin infusion ( 17). However, this 
study confirms the suggestion that a continu- 
ous iv infusion of a small amount of angio- 
tensin I1 has the ability to raise blood pres- 
sure and maintain this elevated level. Al- 
though too few antihypertensive agents were 
employed, the data suggest that i t  may be 
feasible to utilize the acute angiotensin- 
induced hypertensive dog as a model for the 
pharmacological assessment of potential 
antihypertensive drugs. 

Summary. Marked and sustained elevation 
of systolic and diastolic blood pressure re- 
sults from the continuous iv infusion of an- 
giotensin I1 in anesthetized dogs. 

The administration of hydralazine, sodi- 
um nitrite, and hexamethonium (10 mg/kg, 
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iv) produced a fall in blood pressure in an- 
giotensin-induced hypertensive dogs. Howev- 
er, hydralazine failed to produce a hypoten- 
sive response in normotensive dogs. This sug- 
gests the possibility that antihypertensive 
drugs may be evaluated in dogs made acutely 
hypertensive by angiotensin I1 infusion. 

We express our appreciation to Dr. A. J. Plummer 
(Ciba) for the angiotensin I1 (Hypertensin) and 
hydralazine HCl (Apresoline) used in these 
studies. 
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