Differentiation of Nephrotensin from Angiotensin I and IT' (37258)
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It is well established that experimental hy-
pertension induced acutely by drastic restric-
tion of the renal artery and rare instances of
hypertensive disease in the human differ in
several fundamental respects from chronic
sustained hypertensive disease (1-5). Only in
the former is the elevation in blood pressure
alleviated by nephrectomy and is the pres-
ence of a pressor agent demonstrable in the
renal venous effluent from the affected kid-
ney (3, 5). Prepossession with renin has led
to the assumption that this pressor agent is
angiotensin II. In previous reports from this
laboratory (4, 6), it has been shown, how-
ever, that a hitherto unrecognized pressor
agent is formed in ischemic renal tissue and
that it is this agent which is responsible for
the elevation in blood pressure in so-called
“renovascular” (more accurately designated
as surgically remediable) and in acute ex-
perimental hypertension. Nephrotensin, as
this pressor agent has been designated has
been claimed to be identical or immunologi-
cally related to angiotensin I (7) but incu-
bation with angiotensin I antibody makes it
possible to differentiate them. The results of
this study and the demonstration of other
differences between the angiotensins and
nephrotensin add further support to the view
that the latter is a unique pressor agent
which is responsible for the elevation of blood
pressure observed in acute experimental and
other forms of surgically remediable hyper-
tension.

Materials and Metkods. Nephrotensin was
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obtained by drastically restricting the renal
arteries of 6 mongrel dogs of either sex, 20—
25 kg in weight, as previously described (6).
This procedure concentrates the nephroten-
sin present in the peripheral blood 10-20-
fold and yields a product containing 25 ng
pressor equivalents of synthetic angiotensin
II per ml which is free of angiotensin I and
I1, catecholamines, histamine and 5-hydroxy-
tyramine (6).

The vasoactivity of the pressor agents
used in the present study was determined by
their effect on the blood pressure of the anes-
thetized, ganglion-blocked rat and on the per-
fusion pressure of the isolated rabbit’s ear
by the previously described methods (6). In
the latter procedure, the rabbit was pretreat-
ed with 2.5 mg/kg of reserpine on the day
prior to use in order to avoid any indirect
effects due to the release of catecholamines.
Each experiment was performed on at least
5 animals.

The pressor agents, angiotensin I and neph-
rotensin, were incubated with commercially
available 5 asp!-ileu®-angiotensin I antibody
at 4° for 24 hr as suggested by Haber ef
al. (8). In preliminary experiments the
amount of angiotensin I antibody required to
abolish the pressor action and increased per-
fusion pressure of the isolated rabbit’s ear of
5 ng of aspl-ileu-angiotensin I was deter-
mined. Twice this amount of antibody was
dissolved in 0.2 ml normal saline and incu-
bated with 5 ng of angiotensin I dissolved in
0.2 ml normal saline. An equal amount of the
antibody in 0.2 ml normal saline was incu-
bated with 5 ng angiotensin II equivalents
of nephrotensin prepared as described above
and dissolved in 0.4 ml of normal saline. The
pressor activity of the angiotensin I and
nephrotensin and their action on the perfu-
sion pressure of the isolated rabbit’s ear were
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determined prior to the incubation and that
of the pressor agent—antibody solution fol-
lowing their incubation.

Drugs. The following drugs were used:
Synthetic val®-angiotensin  II-asp'-8-amide
(Hypertensin, Ciba); reserpine (Serpasil,
Ciba); guanethidine (Ismelin monosulfate,
Ciba); asp!-ileu’angiotensin I and asp!-ileu’-
angiotensin I antibody (Schwarz-Mann);
and a-norepinephrine bitartrate monohydrate
(Sigma). Stock solutions were prepared every
5 days in normal saline, kept at 4°, and di-
luted just before use. The angiotensin I anti-
body was stored at —20°. Volumes of solu-
tion injected never exceeded 0.4 ml into rats
and 0.2 ml into the isolated rabbit’s ear.

Results. Nephrotensin, as shown in Figs.
1-3, differs in its action from angiotensin I
and II in many ways. The pressor action of
norepinephrine is facilitated by the prior in-
jection of nephrotensin (Fig. 1 A and H).
Unlike angiotensin I, the pressor activity of
which is abolished by incubation with angio-
tensin I antibody (Fig. 1 B, C, and F) the
pressor action of nephrotensin is not altered
by this procedure (Fig. 1 E and G).

Angiotensin I is a vasoconstrictor of the
isolated rabbit’s ear (Fig. 2 A) but its action
is abolished by the development of tachy-
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phylaxis (Fig. 2B). Norepinephrine (Fig. 2
C and D) and nephrotensin (Fig. 2 E and
F), on the other hand, manifest no tachy-
phylaxis and hence, unlike angiotensin may
be envisaged as potential mediators of a sus-
tained rise in blood pressure. The vasocon-
strictor action of norepinephrine is facilitated
by the prior injection of nephrotensin (Fig.
2G) but is not affected by prior treatment
with guanethidine (Fig. 2 H) or reserpine
(Fig. 2 I).

Incubation with angiotensin I antibody
abolishes the vasoconstrictor effect of angio-
tensin I on the isolated rabbit’s ear (Fig. 3
A). The effect of nephrotensin (Fig. 3 D and
E) on the other hand, is not altered by prior
incubation with angiotensin I antibody (Fig.
3 F and G). :

Discussion. That the acute elevation in
blood pressure observed following drastic re-
striction of the renal artery and in surgically
remediable hypertension of the human differ
pathogenetically from the elevation observed
in the chronic stage of hypertensive disease
is apparent from the fact that only the for-
mer are relieved by nephrectomy and are ac-
companied by the presence in the renal ve-
nous effluent of a demonstrable pressor
agent (1--5). The results of the present study
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Fic. 1. Effect of norepinephrine (NE), angiotensin I and II (Angio I and II), and nephrotensin
on the blood pressure of the anesthetized gangh’on-blbcked rat. Pressor response to: A, 50 ng
of NE; B and C, 5 and 10 ng of Angio I, respectively; D, 50 ng NE; E, 5 ng Angio II equiva-
lents of nephrotensin; F, 5 ng of Angio I after incubation with Angio I antibody; G, 5 ng Angio
II equivalents of nephrotensin after incubation with Angio I antibody; H, 50 ng NE following
injection of 5 ng Angio II equivalents of nephrotensin.



NEPHROTENSIN: A NEW RENAL PRESSOR AGENT 87

bt

Fic. 2. The effect of nephrotensin and its facilitation of the vasoconstrictor response to NE
of the isolated ear of a rabbit pretreated with 2.5 ng reserpine per kg of body weight. A, the
effect of 5 ug of Angio II; B, as in A, 10 min later, showing tachyphylaxis; C and D, equipotent
responses to 10 ng of NE; E and F, equipotent response to 1.25 ng Angio II equivalents of
nephrotensin; G, potentiation of response to 10 ng of NE by prior injection of 1.25 ng Angio II
equivalents of nephrotensin; H, as in G, but after pretreatment with 100 ug guanethidine; I, as
in G, but after pretreatment with reserpine (2.5 mg per kg body weight).

support the claim that nephrotensin, a newly
described pressor agent, and not angiotensins
I or II resulting from an excessive produc-
tion of renin by the ischemic kidney is re-
sponsible for the observed rise in blood pres-
sure in acute and surgically remediable hy-
pertension.

Nephrotensin differs in its pressor and
vasoconstrictor action as well as in its physi-
cochemical properties (5, 6) from angioten-
sin T and IT and other vasoactive monamines
and kinins. Unlike the latter, it is not dialyz-
able at acid pH, is not adsorbed by the cat-
ionic exchange resin Dowex-50X2, exerts a
potent vasopressor action without tachyphy-
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laxis, and sensitizes vascular tissue to NE
after prior treatment with reserpine and
guanethidine. This sensitization cannot be at-
tributed to the release or interference with
the storage mechanisms of catecholamines
since reserpine and guanethidine which inter-
rupt the storage and reuptake of catechola-
mines at neuronal endings do not affect the
pressor response to nephrotensin. The pressor
action of angiotensin I on the anesthetized
ganglion-blocked rat and on the perfusion
pressure of the isolated rabbit’s ear is abol-
ished by incubation with angiotensin I anti-
body; the action of nephrotensin is not al-
tered by the same procedure.
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Fic. 3. Effect of Angio II, NE, and nephrotensin, before and after incubation with Angio I
antibody on the perfusion pressure of the isolated ear of the rabbit pretreated with 100 ug
guanethidine. A, insignificant effect of 5 ug angiotensin I; B and C, of 5 -and 10 ng NE, re-
spectively; D and E, of 1.25 ng angiotensin Il pressor equivalents of nephrotensin; F and G,
as in D and E but after incubation with angiotensin I antibody. :
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Although nephrotensin may be immuno-
logically related to angiotensin I, as suggest-
ed by Schweikert et al. (7), the fact that
unlike the latter it is not inactivated by an-
giotensin I antibody proves that the two
compounds are not identical. The fact that
prophylactic preimmunization against angio-
tensin IT (9) has no effect on the acute hy-
pertension produced by clipping the renal ar-
tery is further evidence against the assump-
tion that liberation of its precursor, angioten-
sin I, mediates the rise in blood pressure in
acute hypertension.

The liberation from the kidney of a hu-
moral agent that enhances adrenergic respon-
siveness during acute renal ischemia has also
been demonstrated by Sweet et al. (10).
Their suggestion that this agent may be
prostaglandin E, appears unlikely since this
compound, unlike nephrotensin, is lipid sol-
uble and stimulates contraction of the rat’s
rectum (6).

That the secretion of excessive quantities
of renin are not responsible for the rise in
blood pressure in acute experimental and sur-
gically remediable hypertension in the human
is supported by the lack of correlation be-
tween the renin activity of the blood and the
response to nephrectomy and the high levels
of renin observed in normotensive patients
suffering from cirrhosis of the liver and Bart-
ter’s syndrome (6, 11). The occasional oc-
currence of a renal tumor in association with
hypertension and an increased secretion of
renin (12) may be attributed to the ischemia
induced by compression of the adjacent tis-
sue by the tumor. Surgically remediable hy-
pertension has also been noted in patients
with cysts or other nonrenin-producing
masses.

Summary. Nephrotensin, a newly described
pressor agent which appears in the renal ve-

nous effluent of the ischemic kidney is not
inactivated by angiotensin I antibody. It can
also be differentiated from angiotensin I and
1T by the response to its injection of the rat’s
blood pressure and the perfusion pressure of
the isolated rabbit’s ear. These findings add
further evidence that nephrotensin is a unique
pressor agent responsible for the elevation in
blood pressure observed in renovascular (sur-
gically remediable) hypertension as observed
in man and in the acute stage of experimen-
tal hypertension induced by drastic restric-
tion of the renal artery or infarction of the
kidney.
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