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A recently described specific enzyme (1) 
called tonin forms angiotensin I1 directly 
from a natural protein, the renin tetrade- 
capeptide substrate and also from angi- 
otensin I .  On the basis of the high specific- 
ity (2) of the enzyme and the presence in 
plasma of a strong protein inhibitor, it has 
been suggested that tonin may play an 
important role in the local generation of 
angiotensin I1 in tissue. The physiological 
role of this enzyme is still unknown. Angi- 
otensins I and I1 potentiate the vasocon- 
strictor response to norepinephrine in 
some vascular beds (3-8). We report here 
the effect of highly purified tonin (9), as 
well as of angiotensins I and 11, on re- 
sponses of the perfused rat mesenteric beds 
to norepinephrine. Tonin also has vascular 
actions which are similar to those of angi- 
otensin I1 but are not abolished by the 
Sar' ,Alas-analog of angiotensin 11, an an- 
tagonist of angiotensin 11. 

Materials and methods. Materials used 
included: angiotensins I and I1 (Beckman, 
lots 33771 and 337777); Sarl,Alas-angioten- 
sin I1 (saralasin); nonapeptide converting- 
enzyme inhibitor (pGlu-Trp-Pro-Arg- 
Pro-Gln-Ile-Pro-Pro-OH) (Beckman, lot 
337720); renin (hog kidney, 1 Goldblatt 
unit/mg, Grand Island Biological Com- 
pany, lot A942458). 

Isolated preparations of the superior 
mesenteric vascular bed from male, 200-g, 
Sprague-Dawley rats were prepared (1 0- 
12). The dissected mesenteric vascular bed 
was perfused with Krebs-bicarbonate 
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buffer (pH 7.4) at 30" under 95% oxygen- 
5% carbon dioxide. The flow rate was ad- 
justed to give a steady perfusion pressure 
within the range of 25-30 mm Hg, and this 
rate of 3-4 ml/min was then left constant 
for the remainder of the experiment. At  
intervals of 5 min, 10 ng of norepinephrine 
(L-arterenol bitartrate; Sigma) in 0.1 ml of 
the same buffer was injected into the rat 
mesenteric artery. This amount of norepi- 
nephrine gave about 50% of the maximal 
pressor response to norepinephrine. Once 
three pressor responses of constant ampli- 
tude ( 2  5 %) to injected norepinephrine had 
been obtained, the experiments were 
started, results being expressed as per- 
centages of the mean initial response. The 
tested drugs were added to the perfusate. 

Results. Angiotensins I and I1 in concen- 
trations up to 1 ng/ml and 200 pg/ml, re- 
spectively, had no effect on the baseline 
perfusion pressure, although an increase 
was observed at higher concentrations. A 
significant potentiation of the response to 
norepinephrine was observed with much 
lower concentrations of angiotensins, the 
response being linear with doses from 0.32 
pg to 5 ng/ml for angiotensin I1 and 0.32 pg 
to 25 ng/ml for angiotensin I (Fig. 1). Si- 
multaneous administration of Sarl ,Alas- 
angiotensin I1 at 0.75 pg/ml, or the nona- 
peptide converting-enzyme inhibitor at 10 
pg/ml, prevented the increase in the nor- 
epinephrine responses produced by angi- 
otensins I1 and I ,  respectively (Fig. 1). Nei- 
ther inhibitor showed any intrinsic effect. 

Renin, which generates angiotensin I 
from the renin substrate, had no effect on 
rat mesenteric arteries in concentrations 
of lo-', and 1 GU/ml. In 
contrast to renin, tonin significantly po- 
tentiated the response to norepinephrine 
and produced constriction of the mesen- 

64 
Copyright 0 1977 by the Society for Experimental Biology and Medicine 
All rights reserved. ISSN 0037-9727 



TONIN, ANGIOTENSIN 11, A N D  NOREPINEPHRINE 65 

W ANGfOTENSfN II In=7) A - ANGfOTENSfN II (n.51 
% hi, Af& ANGfOTENSfN Il IO.75ug/mfl 2 150 r T T  

z ANGlOTENSlN I / m /  z 
% 0-0 ANGfOTENSfN I fn=81 B 
b 96 - ANGIOTENSINI (n.61 2 150 rCONVERTfNG ENZYME fNHf8fTOR IfOup/mI~ 

T 
140 - 

130 - 
120 - 

v) 

5 110 - 
25 2 roo - 

0.32 1.6 8 40 2 0 0 ~  I 5 25 125ng 
ANGlOTENSlN I /m/ 

FIG. 1 .  Effect of angiotensin I1 on the pressor 
responses to norepinephrine. Closed circles indicate 
the effect of angiotensin I1 in the presence of 'Sar, 
Ala-angiotensin 11. (B) The effect of angiotensin I on 
the pressor responses of the preparation to norepi- 
nephrine. Closed circles indicate the effect of angi- 
otensin I in the presence of the converting-enzyme 
inhibitor. Results are expressed as percentages of 
the mean pressor amplitude of three control re- 
sponses to norepinephrine obtained prior to the ad- 
dition of these drugs. Each point represents the 
mean ? SEM; n indicates the number of experi- 
ments. 

teric arteries, as shown by an increase in 
the baseline pressure (Fig. 2). In concen- 
trations ranging from 16.7 to 1350 ng/ml 
the relation between the logarithm of 
tonin concentration and the percentage of 
potentiation to norepinephrine was linear. 

Discussion. The abolition of angiotensin 
I action by a converting-enzyme inhibitor 
strongly suggests that the physiological 
activity of angiotensin I is dependent on 
its conversion to angiotensin 11. It has 
been reported that converting enzyme is 
present in vascular tissues (13, 14) and 
that the concentration of angiotensin I in 
plasma is rather high (15). The percentage 
of conversion rate of angiotensin I into 
angiotensin I1 in the perfused rat mesen- 
teric arteries, which was calculated ac- 
cording to the method reported by Di Salvo 
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FIG. 2 .  Effects of tonin on the pressor responses 
to norepinephrine (upper) and on the basal pressure 
(lower). Closed circles indicate the effects of tonin in 
the presence of 'Sar, sAla-angiotensin 11. The pres- 
sor responses to norepinephrine are expressed as 
percentages of the mean pressor amplitude of three 
control responses obtained prior to the addition of 
these drugs. Each point represents the mean f 
SEM; n indicates the number of experiments. 

et al. (16), was between 3.3 and 14.7%. 
This percentage of conversion rate was in 
accordance with that reported in other 
vascular tissues (16- 19). Our results con- 
firmed the observations of Malik and 
Jasjletti (8) that both angiotensins I and I1 
potentiated the vasoconstrictor response of 
isolated perfused rat mesenteric arteries to 
injected norepinephrine. However, in our 
experiments concentrations as low as 0.32 
pg/ml of angiotensin I1 and 1.6 pg/ml of 
angiotensin I significantly potentiated the 
response to norepinephrine ( P  < 0.05, by 
Student's unpaired t test). Panisset and 
Bourdois (4) have also reported that, in cat 
mesenteric blood vessels, 1 pg/ml of angi- 
otensin I1 potentiated the vasoconstrictor 
response to norepinephrine. These results 
suggest that a very slight change in con- 
centrations of angiotensins I and I1 in 
plasma, even within the range of physio- 
logical concentrations (20) , could poten- 
tiate the vasoconstrictor response to nor- 
epinephrine in some vascular beds and in- 
duce an increase in systemic blood pres- 
sure. 

The converting-enzyme inhibitor, at a 
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concentration of 10 pg/ml, did not dispel 
the effects of tonin. Surprisingly, Sarl ,Alas- 
angiotensin I1 also failed to abolish these 
effects of tonin on the mesenteric arteries. 
The concentration of Sarl ,Alas-angioten- 
sin I1 used in this experiment was 1.5 pg/ 
ml, namely, twice the concentration that 
inhibits the effect of exogenous angioten- 
sin 11. Even higher concentrations of 
Sarl ,Alas-angiotensin I1 (up to 24 pg/ml) 
did not inhibit these effects of tonin (Fig. 

This strongly suggests that the tonin 
acts on the protein substrate in endothelial 
cell membranes and endogenously gener- 
ates angiotensin I1 at a site inaccessible to 
Sarl,Alas-angiotensin 11, that is, if one as- 
sumes that the effect of tonin is in fact 
mediated through angiotensin I1 forma- 
tion. It is possible that tonin itself has 
vasoactive effects similar to those of angi- 
otensin I1 or that it generates some other 
vasoactive substance. The latter possibil- 
ity seems unlikely for the enzyme appears 
highly specific. 

Since the mesenteric blood vessels are 
consistently constricted in hypertensive 
animals (21), our findings suggest that 
tonin may play an important role in hyper- 
tension, either through the mediation of 
angiotensin I1 or independently. 

Summary. Infusion into the rat mesen- 
teric artery of tonin, an enzyme which 
forms angiotensin I1 directly from a natu- 
ral protein plus the tetradecapeptide renin 
substrate, significantly potentiated the 
vasoconstrictor response to norepineph- 
rine. This effect was not inhibited by the 
simultaneous administration of an inhibi- 
tor of angiotensin I-converting enzyme or 
by Sar1 ,Alas-angiotensin 11. These sub- 
stances block the pressor effect of the angi- 
otensins I and 11, respectively. 

2). 

The synthetic saralasin, antagonist of angioten- 
sin I1 (P 113), was kindly supplied by Eaton Labora- 
tories, Nowrich, New York. 
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