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It is of special interest that the “acid” phos-
phatase, in contrast to the other enzymes, de-
creased in total amount but not in concentra-
tion (units per gram of tissue). It would seem,
therefore, that this enzyme is necessary for
the integrity of the cell and perhaps its endo-
crine function while the “alkaline” phos-
phatase and arginase are necessary only in

connection with urine formation.

Summary. In “endocrine kidneys” there is
a marked indeed almost a complete disappear-
ance of both arginase and “alkaline” phos-
phatase. On the other hand the “acid” phos-
phatase decreases in total amount but not
in concentration.
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Activation of Hypertensin and Tyrosine by Subthreshold Amounts of
Epinephrine.*
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Fractions of hog kidney containing renin
do not produce constriction of the vessels of
the rabbit’s ear until subthreshold amounts of
epinephrine are added to the perfusate.! Sim-
ilar vaso-activation of liver fractions by
epinephrine has been noted when they are
combined with subthreshold amounts of
epinephrine.®> Fresh plasma is also capable
of activating liver fractions.®* This last ob-
servation is of interest because of the report
that vaso-inactive renin-containing kidney
fractions become vasoconstrictive when plasma
is added to the ear perfusatet This was
ascribed to the formation of hypertensin
rather than to the activation of renin by
plasma. Since a similar constriction occurs
following the addition of plasma to liver frac-
tions under circumstances that would seem
to be incompatible with the formation of
hypertensin, a reinvestigation of the action
of hypertensin on the vessels of the rabbit’s
ear was undertaken.

* Aided by a grant from the Commonwealth
Fund.

1 Mylon, E., Horton, F. H., and Levy, R. P.,
Proc. Soc. Exp. BioL. aAxp MED., 1947, 66, 375.

2 Mylon, E., Horton, F. H., and Levy, R. P,,
Proc. Soc. Exp. BioL. axp MED., 1947, 66, 378.

3 Mylon, E., and Heller, J. II., Proc. Soc. Exp.
BrorL. ANp MEp., 1947, 66, 319.

4 Page, I. H., and Helmer, 0. M., J. Ezp. Med.,
1940, 71, 29.

The experiments that follow show that
hypertensin, a protein fraction, constricts the
vessels of the rabbit’s ear only when the
perfusate is supplemented with traces of
epinephrine or fresh plasma. This suggested
the possibility that parts of the protein mole-
cules, e. g., peptides or even amino-acids, are
responsible for the observed effect. Accord-
ingly, the studies were extended to encompass
a large majority of the known amino-acids.
Special attention was directed to tyrosine,
tyrosine-containing peptides, and a tyrosin-
amide in accord with Cruz-Coke’s® hypothesis
that tyrosine molecules are necessary for the
in vivo action of hypertensin.

Materials and Methods. Hypertensin was
prepared from purified hog renin with the
bovine globulin Fraction IV-1 (Armour) serv-
ing as substrate. Three hundred cc of a 1%
solution of substrate were buffered at pH 7.5
and incubated for 10 minutes with 2-3 Swingle
units of renin. N1 HCl was then added to
bring the pH to 5.2 and the mixture im-
mersed in boiling water for 10 minutes. The
coagulated proteins were then removed by
filtration and the almost water-clear filtrate
lyophilized. The lyophilized material was
taken up in 16 cc of distilled water and the
small residuum of undissolved particles was

5 Cruz-Coke, E., New York Academy of Sciences,
Section of Biology, February 9 and 10, 1945;
Science, 1946, 104, No. 2691.
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Fia. 1.
While the effect of 1 ec of epinephrine 1:5,000,000 is minimal and the effect of 1 unit of
hypertensin is slightly dilating, combination of the two causes a strong and sustained constrie-

tion of the vessel of the rabbit’s ear.

removed by centrifugation. Four cc of each
lot was found to contain between 6 and 8 dog
units of hypertensin as tested in the living
animal. The remaining 12 cc of each lot
were used in perfusion experiments, in
amounts equivalent to from one-third to 2
dog units. The ear perfusion technic has
been described.!

Ears of young albino rabbits seemed to be
more sensitive than those of older rabbits and
of other types. A preparation was judged to
be suitable when the initial drop rate per
minute was between 100 and 160, and in
addition when an injection of 1 cc of a
1:5,000,000 or 1 cc of a 1:10,000,000 solution
of epinephrine caused minor and transient
constrictions. Experiments were considered
valid only when a terminal injection of
epinephrine reproduced a reaction similar to
the initial one. The order of the injections
with the different materials was varied.

The plasma was prepared according to the

technic of Landis.® The epinephrine used
was Parke Davis 1:1000, and the dilutions
were prepared as described previously.l?

The amount of an amino-acid, amide or
dipeptide used for a single injection was be-
tween 1/100 and 1/200 of a millimole; for
I-tyrosine it was always 1/200 of a millimole.
The pH of the Ringer-Locke solution (7.3)
was not changed by the addition of the small
amounts of the test substances.

The following amino-acids were used:
dl-phenylalanine, dl-alanine, dl-serine, [-valine,
glycine, I-cystine, I-tryptophan, di-glutamic
acid, l-aspartic acid, dl-lysine, I-leucine,
dl-isoleucine, dl-norleucine, di-threonine, I-pro-
line, I-tyrosine, I-hydroxyproline, I-histidine,
dl-arginine and dl-methionine.

The tyrosine-containing dipeptides glycyl--
tyrosine and [-tyrosyl-glycin, and also the

6 Landis, E. M., Wood, J. E., Jr., and Guerrant,
J. L., Am. J. Physiol., 1943, 139, 26.
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Fig. 2.

Insignificant effect of epinephrine and I-tyrosine alome in contrast to the
strong vasoconstriction elicited by a combination of both,

Amounts injected:

Epinephrine: 1 cc of a sel. 1:5,000,000.

I-Tyrosine: 0.005 millimole.

tvrosine-amide acetate were tested.t

Iodine was introduced into the tyrosine
molecule by slowly adding n/10 aqueous
iodine solution to n/1000 solution of I-tyro-
sine until a faint yellow color remained. After
keeping the mixture in the dark for several
hours, the excess iodine was removed by
heating.

Results and Brief Discussion. Hypertensin
alone: Neither the initial injection of hyper-
tensin nor its subsequent introductions into
the perfusion circuit produced vasoconstric-
tion as determined in numerous experiments
with 15 different lots. A slight vasodilation
was the usual sequel of the addition of hyper-
tensin to the perfusion fluid.

Hypertensin plus epinephrine: On the

t We are indebted to Dr. J. S. Fruton for the
generous supply of glyeyl-l-tyrosine (I-tyrosyl-
glycine), and tyrosine-amide-acetate.

other hand, when hypertensin was combined
with subthreshold amounts of epinephrine,
powerful and sustained vasoconstriction fol-
lowed. A typical result can be seen in Fig. 1.
A total of 28 perfusion experiments were car-
ried out to test the effect of the combination
of hypertensin with subthreshold amounts of
epinephrine. The vasoconstriction that fol-
lowed was so intense in 14 instances that
the vessels of the ear reduced the drop rate
90 to 99% for 4 to 18 minutes and
100% for 20 minutes. In 10 of the other 14
tests the drop rate was reduced 60 to 90%
for from 3 to 8 minutes and in the remaining
4 experiments a more moderate reduction of
50% was observed, lasting from 1 to 8
minutes.

Hypertensin plus plasma: When 1 cc of
fresh rabbit plasma was used in place of
epinephrine in combination with hypertensin,
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Strong vasoconstriction is solely elicited by I-tyrosine plus epinephrine and not by
a combination of other amino acids and epinephrine.

Amounts injected :

Epinephrine: 1 ee of a sol. 1:5,000,000.

I-T'yrosine: 0.005 millimole.

The other amino acids: 0.01 millimole.

a strong vasoconstriction was elicited. This
effect was only obtainable with fresh plasma
and incubating the plasma for 8 hours abol-
ished its ability to activate hypertensin. These
results are analogous to those previously re-
ported, in which liver fractions were combined
with fresh and incubated plasma.?

On the basis of the identical results obtained
with plasma plus renin* and plasma plus
hypertensin, it could not be decided whether
the observed constriction followed a direct
action of plasma on renin or an action of
plasma on hypertensin. The specificity of the
renin-hypertensinogen reaction on the other
hand suggested additional experiments in
which it was found that renin itself is being
activated. Vasoinactive pig renin, unable to
catalyze hypertensin formation with human
hypertensinogen, in combination with vaso-
inactive human plasma produced a significant

constriction in the vessels of the rabbit’s ear.

Amino-acids: A total of 95 experiments
involving one or another of 20 different amino-
acids failed to demonstrate any effect when
these were added individually to the rabbit’s
ear perfusate. More important is the fact
that with one exception, tyrosine, there was
only an inconstant, slight and transient
response, for any one compound when traces
of epinephrine were added to the perfusate.
Addition of epinephrine to the tyrosine-con-
taining perfusate was followed by a sharp and
sustained decrease in the drop rate, 45% to
90% for from 3 to 9 minutes (Fig. 2 and 3).

These findings led to the exploration of
other tyrosine-containing compounds includ-
ing glycyl-I-tyrosine, I-tyrosyl-glycine, and
tyrosine-amide-acetate. Needless to say they
had no influence when added to the Ringer-
Locke perfusate. This status persisted when
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The constrictor cffect of I-tyrosine plus epinephrine is much greater than that
of I-tyrosyl-glycine plus epinephrine. The effect of glycyl-l-tyrosine and epin-

ephrine is insigniflecant,
Amounts injected:

Epinephrine: 1 ce of a sol. 1:5,000,000.

I-Tyrosine: 0.005 millimole.

The dipeptides: 0.01 millimole.

glycyl-I-tyrosine was supplemented with traces
of epinephrine. On the other hand, I-tyrosyl-
glycine and tyrosine-amide-acetate combined
with minimal amounts of epinephrine had a
moderate constrictive effect on the vessels of
the rabbit’s ear (Fig. 4).

The vasoconstrictive effect of tyrosine, it
would seem, is abolished when the amino group
is linked to a carboxyl of a second amino acid.
When the amino group remains free and the
carboxyl group is bound by another amino-
acid or transformed into an amide, the vaso-
constrictive effect persists to about 50%.

Another finding still difficult to correlate
with the coverage of the amino group of
tyrosine-like compounds is the effect of iodin-
ization. This also abolished the vasoconstric-
tive effect. These results are of interest in
relation to Cruz-Coke’s suggestions® that the
pressor action of hypertensin iz vivo might

be related to its tyrosine content.

Summary. Hypertensin has no effect on
the vessels of the perfused rabbit’s ear. It
becomes strongly vasoconstrictive, however,
when supplemented with traces of epinephrine
and also when fresh plasma is added to the
perfusate. None of 20 different amino-acids
tested in perfusion experiments on the rab-
bit’s ear had any constrictor effect. When
traces of epinephrine were included in the
perfusion fluid, tyrosine was the only one of
the 20 that exhibited a strong and sustained
vasoconstriction. Glycyl-I-tyrosine was inac-
tive with and without epinephrine. {-tyrosyl-
glycine and tyrosine-amide-acetate, both inac-
tive when perfused alone, constricted the
vessels if combined with minute amounts of
epinephrine. The activity of these two com-
pounds, however, was definitely less than that
of tyrosine. Introduction of iodine into the
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tyrosine molecule abolished the constrictor
action entirely.

The conclusion drawn from these findings
is that constriction of the blood vessels of the

rabbit’s ear is dependent to a large degree
upon traces of epinephrine and tyrosine-
containing compounds of special configuration.
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In previous observations! thiouracil, and to
some extent thiourea, exerted a beneficial
effect in the prevention of dietary cirrhosis of
the liver in rats. In animals receiving thio-
urea the food intake was generally very low
and their weights showed a rapidly progres-
sive decline. In contrast, the general well
being of rats fed the same basal ration mixed
with thiouracil (0.1% in the diet) remained
undisturbed. The weight losses sustained
were smaller than in the control animals with-
out any appreciable difference in the average
food intake in the two groups.

The beneficial effect of thiourea and thio-
uracil in the prevention of experimental
dietary cirrhosis has been related to their
effect on thyroid function, specifically to the
decreased metabolic rate including the metab-
olism of protein. Decreased turnover of
proteins pertains also to that of their con-
stituents, including methionine, which is one
of the key substances in the pathogenesis of
dietary hepatic injury.2

It is difficult to furnish direct proof for the
correctness of this assumption. The demon-
stration of strict parallelism between goitro-
genic activity and preventive effect on hepatic
cirrhosis may serve as indirect circumstantial
evidence. The superior effect of thiouracil
over thiourea is in good accord with these

1 Gyorgy, P., and Goldblatt, H., Science, 1945,
102, 451.

2 See literature.
1944, 14, 67,

Gyérgy, P., Am. J. Clin. Path.,

considerations. In this connection it seemed
advisable to include propyl-thiouracil and
aminothiazole in these investigations. Propyl-
thiouracil is at present probably the most
effective goitrogenic agent available. Amino-
thiazole, when first used, was reported to be
very effective in the treatment of hyper-
thyroid conditions.®> However, pharmacolog-
ical* and more recent clinical studies® are at
variance with this conclusion and support the
view that aminothiazole is less effective and
more toxic than propyl-thiouracil or even
thiouracil.

Experimental. During the course of our
studies extending over several years it became
evident that even without any change in the
basic composition of the experimental cirrho-
sis-producing diet the results, such as inci-
dence and severity of cirrhosis, food intake,
weight changes, and survival time, may vary
at various times. These variations—admitted-
ly within narrow limits—are probably due to
changes in the composition of the fat used
(perhaps in addition to obscure climatic influ-

3 Perrault, M., and Bovet, D., dnnales d’Endo-
crinologie, 1945, 5, 86; Lancet, 1946, 1, 731;
Bovet, D., Bablet, J., and Fournel, J., Ann. de
1’Inst. Pasteur, 1946, 72, 105.

4 Astwood, E. B., Bissell, A, and Hughes, A, M,,
Endocrinology, 1945, 86, 456.

5 Morgans, M. E., Lancet, 1947, 1, 519; Wil-
liams, R. H., Arch. Int. Med., 1947, 80, 11;
MecConnell, J. 8., Frost, J. W., Wilber, R. W,, and
Rose, E., Am. J. Med. Sc., in press.



