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I N PREVIOUS papers we have described
the presence of vasoconstrictor and vaso-

pressor activity in dialyzed renal and periph-
eral venous plasma of patients with arterial
hypertension.1' 2 Plasmua from such patients
caused a contraction of the rabbit aorta strip)
and elevated the blood pressure of nephrecto-
mized cats. Evidence has also been presented.
that an enzyme with the characteristics of
"renin" is responsible for the vaasoaetivity of
the plasma and that it reacts with renin-sub-
strate to form a product that has the proper-
ties of angiotensin.1-4

In this paper a method for the quantitative
determination of renin in human plasma is
described. In addition, further data are pre-
sented showing that the renin-angiotensin
system is responsible for activity being as-
sayed. The method is based on measuring the
amount of the reaction product, anlgiotensin
II, produced by the incubation of dialyzed
plasma under standardized conditions. Renin-
substrate (angiotensinogen) is also measured
because the amount of angiotensin formed by
renin depends upon the amount of substrate
present in*the plasma. Converting enzyme is
preseint in excess in the plasma; so it is not
a limiting factor.5 6

All the components for the formation of
angiotensin IT are present in plasma: renin,
renin-substrate, and converting enzyme.3
These are all proteins, and therefore do not
pass through the dialyzing membranes. Coin-
sequently, by dialysis it is possible to remove
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mnost vasoactive agents not related to this sys-
tens. Unfortunately, the dialyzed plasma also
conitains angiotensinase.

Methods
Preparation of the Blood for Assay

Renal venous blood obtained by catheterization
and peripheral blood obtained by arterial or
venous puncture were collected with heparin as
an anticoagulant and centrifuged immediately. Dur-
ing transportation to the laboratory the vessel
in wbhilh the blood was collected was iminesed
in an ic-e bath. If the plasma was not dialyzed
at once, it was frozen. Dialyzing sacs were pre-
pa,red from cellophane tubing, three-fourths inch
in diamneter. If care was taken to squeeze all of
the air out of the sacs before dialysis, no increase
in volume of the plasma occurred during this
procedure. Most of the plasmas in the work pre-
sented in this paper were adjusted to pH 5.5
before transfer to dialvzing sacs, then dialyzed
against cold running tap water (13 C.) for 18
to 20 hours. Dialysis has also been done in a
cold room at 4 C. against 4 liters of 0.01 M
phosphate buffer at pH 5.5 and 7.4. When aliquots
of the same plasma were treated in these three
different ways, no significant difference in the
renin content was found.

After dialysis, the plasma was transferred to
a centrifuge tube and adjusted again to pH 5.5
and centrifuged. The insoluble proteins were dis-
carded and the supernatant fluid was made iso-
tonic by the addition of 0.26 nil. of saturated
sodium chloride solution for each 10 ml. of plasma.
The resultant product was stored in a frozen
state.
Assay Methods
Two preparations were employed for the meas-

urement of angiotensin-a spirally cut strip of
rabbit aorta6 7 and a 2-dav nephrectomized,
pithed cat.8 The former is quite useful for plasmas
of low renin content and for screening plasmas for
the presence of renin. The latter is used for the
assay of renin-substrate as well as for plasmas of
high renin content.

In order to obtain a high degree of sensitivity,
the aorta has to be handled with care. Rabbits
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RENIN IN ARTERIAL HYPERTENSION

weighing 5 to 7 lb. are killed by a blow on the
back of the neck and bled by severing the neek
vessels. The descending thoracie aorta is removed
and placed in a Petri dish containing Krebs bicar-
bonate solution at room temperature. Excessive
fat aiid connective tissue are trimmed off with
iris scissors. The whole length of the aorta is
then cut along a close spiral into strips approxi-
mately 4 to 5 mm. in width. For the assay,
strips 45 to 50 mm. in length (unstretched) are
used. With the aid of stainless-steel hooks, they
are mounted in a muscle chamber of 20-ml.
capacity. The bath is maintained at 37.5 C. The
isotonic lever is adjusted to give a nine-fold
amplification and is counterweighted to exert
4-Gm. tension on the strip. Throughout these pro-
cedures, undue stretching of the muscle is avoided.
The Krebs solution used in the muscle chamber

has been modified by doubling the potassium
chloride concentration and by the addition of 10
mg. per liter of di-sodium salt of ethylenediamine-
tetraacetic acid (EDTA). The latter chemical with-
out interfering with electrolyte balance of the
Krebs solution prevents the tetany that occurs
only rarely in some sensitive muscle preparations.
Angiotensin Standard
The angiotensin was prepared from hog renin

and hog renin-substrate. It had been standardized
against a pure sample of Skegg's natural angio-
tensin II, 1 ,ug. of which is equivalent to 2.38
Goldblatt units (G.U.), (one Goldblatt unit being
equivalent to 0.42 jg.). The unit used in our
laboratory for many years was worked out in cats
and is one sixth that of Goldblatt's dog unit.
Therefore, our angiotensin unit (A.U.) is equiva-
lent to 0.07 yg. of angiotensin II. Synthetic
5-valyl aspartyl amide angiotensin II was not
available at the start of this work. When it
becanme available, it was found that its constrictor
activity on the aortic strip was only one fourth
that of natural angiotensin although the syn-
thetic angiotensin II caused the same elevation
in mean pressure as the natural angiotensin II
when injected intravenously in the pithed cat.
The sensitivity of our test preparations is such that
0.05 unit, equivalent to 0.0035 jug. of angiotensin,
can be readily assayed. In sensitive preparations,
as little as 0.01 A.U. or 0.0007 ,ug. can be
detected.

Experimental
Before the quantitative method for deter-

mination of "renin" in human plasma is de-
scribed, further evidence will be presented
that the enzymatic activity we are measuring
is "renin." Plasma dialyzed and treated in
the manner described contains at least folur
Circulation, Volume XXVII, June 1963

factors: renin, renin-substrate, converting
enzyme, and angiotensinase. Any treatment
that modifies any of these components will
alter the amount of angiotensin formed. Since
the amount of angiotensin produced is the
index of renin activity, care must be taken in
planning and interpreting experiments de-
signed to compare the characteristics of
"renin" released into the blood stream with
'"renin" extracted from kidney tissue. In the
following sections, the characteristics of the
"renin" in human plasma are described.
Optimal pH for Activity of "Renin" in Human
Plasma

In the preparation of plasma for assay,
" angiotensinase" was not removed because
we wished to modify the plasma as little as
possible. The presence of this enzyme could
modify the optimal pH for the formation of
angiotensin. In order to determine the opti-
mal pH, "active" dialyzed plasma from a
patient with arterial hypertension was incu-
bated at 37 C. for 1 hour at pH 4.4 to 7.4 in
increments of 1.0 pH and assayed on the aor-
tie strip. The results of this experiment are
shown in figure 1. The vasoactivity was great-
est at pH 5.4 with a value equivalent to 0.135
A.U./ml.; at pH 7.4 only 0.045 A.U./ml. was
found.
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Figure 1
Constrictor activity of dialyzed human plasma
incubated for 1 hour at 37 C. at pH units shown
in abscissa. Assaiy on aortic strip.
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Previously it has been shown with unineu-
bated plasma that the constrictor activity as

assayed on the aortic strip paralleled the pres-

sor activity tested by intravenous injection
in the nephrectomized-pithed cat preparation.
To determine whether the incubation product
behaved in the same way a similar experiment
was done with an "active" plasma from a

patient with hypertension. The reaction
product was assayed by intravenous injection
in a 2-day-postnephrectomized cat. Three
milliliters of plasma were mixed with an equal
volume of 0.9 per cent sodium chloride solu-
tion and the pH of the mixture was adjusted
with hydrochloric acid or sodium hydroxide
from pH 4.5 to 8.5 in increments of 1.0 pH.
In this experiment, the samples were incu-
bated for 2 hours at 37 C. and at the end of
the incubation all samples were adjusted to
pH 5.5 and boiled 10 minutes. The coagulated
protein was remuoved by centrifugation and
1.0 ml. of the clear supernatant fluid, equiva-
lenit to 0.5 ixil. of original plasma, was used
for the assay. The pressor activity of these
incubation mixtures is illustrated in the kymo-

graph record in figure 2. The greatest response

was at pH 5.5, the pressor activity of 1 ml. of
original plasma being equivalent to 0.50 A.U.
or 0.035 ,ug. of angiotensin II. At pH 7.4 the
response was only equivalent to 0.08 A.U. or

0.0056 ,ug. of angiotensin II.

A similar experiment was done to determine
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Figure 2
Pressor activity of dialyzed human plasma incu-

bated for 1 hour at 37 C. at pH units shown.
Mean blood pressure tracing of pithed cat. Ordi-
nate scale, mm. Hg. Time marker, 1 minute. At
markers 2 to 6, 1.0 ml. of incubation mixtures
equivalent to 0.5 ml. of plasma; at 7, 1.0 ml.
of saline control; at 1, 8, 9, angiotensin standard.

the pH dependence of an angiotensinase-free
renin, prepared from human kidneys, when
incubated with "inactive," human plasma.
Three-milliliter aliquots of sueh a plasma
were mixed with an equal volume of 0.9 per
cent sodium solution containing 0.006 G.U./
ml. of angotensinase-free renin and the pH
of the mixtures was adjusted from pH 4.5
to 8.5 as in the previous experiment. The
samples were incubated for 2 hours at 37 C.
The reaction was stopped bv boiling as de-
scribed above. The pressor activity of the
incubated mixtures assayed in a nephrec-
tomized, pithed cat are shown in figure 3.
The greatest response was at pH 5.5. These
experiments show that the "renin-like" en-
zyme in plasma from patients with arterial
hypertensioni has the same pH dependence as
renin prepared from human kdneys.
Optimal pH of Angiotensinase in Human Plasma

In order to determine the relationship of
these findings to angiotensinase, the angio-
tensinase activity of a nonhemolyzed, dialyzed
plasma was determined in the same pH range
as used previously to find the optimal pH
for angiotensin formation. For these experi-
ments an iinactive human plasma was chosen
which, when incubated for 1 hour at pH 5.5,
did not form pressor substances. To 2-ml.
aliquots of this plasma an equal volume of
angiotensin in 0.9 per cent sodium chloride

200 T
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1.2 0.6 C 4.5 5.5 6.5 75 8.5 1.2
32ZC-2254 A U. AU. pH AU

Figure 3
Pressor activity of "inactive" dialyzed human
plasma incubated with angiotensinase-free human
renin prepared from kidney tissue. Mean blood
pressure tracing of pithed cat. Ordinate scale,
mm. Hg. Time marker, one minute. At markers
4 to 8, 0.8 ml. of incubation mixture equivalent
to 0.4 ml. of plasma; at 3, 0.8 ml. of plasma con-
trol; at 1, 2, 9, angiotensin standard.
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RENIN IN ARTERIAL HYPERTENSION

solution, containing 2.0 angiotensin units, was
added and the mixture incubated for 1 hour
at 37 C. At the end of an hour, after being
adjusted to pH 5.5, the samples were boiled
to stop the reaction. After centrifuging, the
supernatant fluid was assayed in a cat. The
results are shown in figure 4. The greatest
angiotensinase activity was at pH 7.5. These
results are of the same order as found by
Munoz et al.9 for the angiotensinase in ox
blood.
Optimal pH Activity of "Renin" in an Angioten-
sinase-Free System

The optimal pH of renin on ox globulin,
according to Munoz and colleagues,9 is be-
tween 7.5 and 8.5. Obviously, this is quite dif-
ferent from the values reported in this paper
for dialyzed human plasma. In our laboratory,
as in many other laboratories, we routinely
have used pH 7.4 for renin assays. In most
instances the absence of angiotensinase in
both the renin and renin-substrate has been
determined by ineubating these preparations
with angiotensin at pH 7.4. Whereas plasma
angiotensinase is active between pH 7 and 8,
in kidney tissue an angiotensinase with an

optimal activity at pH 4.0 has been demon-
strated as well as one with the same optimal
activity as that in plasma.10 To determine the
true pH dependence of renin activity, it is
necessary to ascertain the amount of angioten-
sinase present in both the renin and renin-
substrate at the pH levels at which the incu-
bations are conducted.

Because of loss of renin substrate in human
plasma when angiotensinase was destroyed,
hog renin and hog renin-substrate were used
as a model.
The angiotensinase content of both the

standard hog renin and hog renin-substrate
preparations was assayed at pH 4.5 to 8.5 in
increments of 1.0 pH unit. The assay was
done, as described earlier, for the angioten-
sinase in dialyzed human plasma. For con-
trols, angiotensin was mixed with the renin
or renin-substrate, boiled immediately, then
incubated at pH 5.5 for the same length of
time as the mixtures being assayed. As shown
in figure 5 the renin was free from angioten-
sinase. Only small amounts of angiotensinase
were present in the renin-substrate at the
higher pH values.
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ANGIOTENSINASE IN HUMAN PLASMA
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Figure 5
Left ordinate, angiotensin units formed by incu-

PH 4.5 55 65 7.5 8.5 bating hog renin with hog renin-substrate (white
dots with solid line). Right ordinate, mean blood

:Figure 4 pressure of pithed cat. Angiotensinase content of
'dinate scale, mean blood pressure in a pithed hog renin (white dots with broken line). Angio-
t. Two A.U. of angiotensin incubated 1 hour tensin control with boiled renin, 41 mm. Angioten-
37 C. at p11 values shown with 2 ml. of sinase content of hog renin-substrate (black dots

alyzed human plasma. Plasma control with boiled with solid line). Angiotensin control with boiled
asma, 31 mm. Dose, 0.6 ml. equivalent to 0.3 renin-substrate, 38 mm. Reaction time 1 hour at 37
C. of plasma. C. Abscissa, pH range of incubations.
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To determine the pH dependence of renin
in this practically angiotensinase-free system,
0.05 G.U. of renin in 2 ml. of 0.9 per cent
sodium chloride solution was added to 3 ml.
of 2 per cent renin-substrate and incubated
for 1 hour at 37 C. at pH 4.5 to 8.5 in
increments of 1.0 pH unit. The reaction was
stopped by boiling at pH 5.5, then centri-
fuged to remove the coagulated protein. The
supernatant fluid was assayed in a eat. As
can be seen in figure 3, the amount of angio-
tensin found at pH 5.5 and 7.5 is the same
(1.33 and 1.35 A.U. respectively). The data
presented in this figure are an average of
three separate series of incubations.
Effect of Acid Treatment to Destroy Angiotensinase
on Activity of Plasma
To determine whether the angiotensinase

content of the plasma could be lowered with-
out loss of activity , an "active" plasma was
adjusted to pH 3.9 with phosphoric acid and
incubated at 37 C. for 20 minutes. The plasma
was from the same patients on whom the
data in figure 2 were obtained. After an
equal volume of saline was added to this
plasma, aliquots were adjusted to pH 5.5,
6.5, and 7.4 and incubated for 2 hours at
37 C. The reaction was stopped by boiling
as described earlier. The differential between
the amount of angiotensin formed at the
different pH levels was decreased compared
to that of untreated plasma, indicating a de-
creased angiotensinase content at the higher
pH levels. One milliliter of plasma at pH
5.5 caused a rise in mean pressure equivalent
to 0.56 A.U./ml., at pH 6.5 to 0.46 A.U.,
and at pH 7.4 to 0.42 A.U. The untreated
plasma, after incubation for 2 hours at pH
5.5, had an activity equivalent to 0.68 A.U./
ml. Because of this loss of activity at pH 5.5,
further efforts were not made to destroy
angiotensinase in plasma that was to be as-
sayed quantitatively. The angotensinase con-
tent of a small series of inactive and "active"
plasmas was determinied. No difference was
found.
pH Dependency of "Renin" in Plasma

The data presented in the preceding sections
indicate that optimal formation of angiotensin

in plasma at pH 5.4 to 5.5 could be accounted
for by a balance between optimal conditions
for renin activity and minimal conditions for
angiotensinase action. Angioteusinase-free hu-
man renin incubated with dialyzed human
plasma has the same pH dependency.
Alkali Stability of "Renin" in Human Plasma

Dr. Erwin Haas has found that humnan
renin can be treated at pH 9.8 for 1 hour
at 0 C. without loss of activity. He suggested
that we try the effect of such treatmient in
" active" plasma froni patieints with hyper-
tension. If no loss of activity occurred as the
result of this treatment, more evidenee would
be obtained for the presence of "renin" in
plasma. If renin-substrate were not destroyed
by this treatment, these conelusions would
be valid. The original plasma, which had a
renin-substrate concentration of 10.2 A.U./
nil., when incubated for 1 hour at p'1 5.3 at
37 C. formed 0.43 A.U./ml. The plasma, after
treatment at pH 9.8 for 1 hour, on incfubation
at pH 5.5 for 1 hour showed the same activity
as the original plasma. No change in renin-
substrate occurred. The alkali stability of
"renin in human plasma is the same as that
of human renin. A comparison of the acid
stability of the renin-like elnzyme in plasma
to human renin was not feasible because of
the instability of renin-substrate of plasma at
pH concentratioiis necessary to denature
renin.

Reaction of Human Renin with Rat Plasma

Shipley and He]mer1' have shown human
kidney extracts containing 60 times as much
renin activity as a rat kidney extract caused
only an insignificant rise in blood pressure
when given intravenously to a pithed rat coni-
pared to the rise produced by rat renin. Fur-
thermore, vwhen human renin was inieubated
with rat plasma in vitro, only a very small
quantity of angiotensin was formed. The fol-
lowing experiment was done to determine
whether the enzyme in human plasma with
the characteristics of renin reacted in the
same way as renin prepared from human kid-
neys. The substrates were dialyzed plasmas
from a nephrectomized cat and rat and from
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RENIN IN ARTERIAL HYPERTENSION

a patient with chronic glomerulonephritis.
The cat plasma was included because earlier'
we had demonstrated that unincubated plas-
mas from patients with arterial hypertension
would cause an elevation in pressure when
injected intravenously in a pithed-nephrecto-
inized cat. All of these samples when incu-
bated for 1 hour at 37 C. at pH 5.5 caused
no constriction of the aortic strip. Then 0.25
ml. of an " active " plasma from a patient
with hypertension was added to 0.75 ml. of
each of the substrates. For a control, 0.25 ml.
of the "active " plasma was diluted with 0.75
ml. of 0.9 per cent sodium chloride solution.
All samples were adjusted to pH 5.5 and in-
cubated for 1 hour at 37 C. At the end of
the incubation, the samples were frozen rap-

idly. The constrictor activity was tested in
the aortic strip using 0.8 ml. of the sample.
The contraction of the strip to the mixtures
was as follows:

Angiotensin II (0.09 A.U.) 27 mm.

Control "active" human plasma 15 mm.

"Active" human plasma + rat plasmna 14 mm.

"Active" human plasma + cat plasma 24 mm.

"Active" human plasma + "inactive"
plasma 25 mm.

The specificity of angiotensinase-free hu-
man renin prepared from kidneys was tested
on inactive plasma from the same species. The
renin substrate concentration of the rat
plasma was 18 A.U./ml., that of the cat and
human plasma was 6.4 A.U./ml. To 1 volume
of the plasmas at pH 5.5 an equal volume of
saline containing approximately 0.006 G.U./
ml. of plasma was added and the mixtures
were incubated for 1 hour at 37 C. The re-

action was stopped by boiling. The amount
of angiotensin was as follows:
Human renin + rat plasma 0.27 A.U./ml.
Human renin + cat plasma 2.0 AXU./ml.
Human renin + human plasma 2.0 A.U./ml.

These experiments show that renin in "ac-
tive" human plasma has the same specificity
as that of renin prepared from human kid-
neys.

Temperature Coefficient

Early in the work it was found that incu-
bation of "active" plasma at pH 5.5 at 4 C.

Circulation, Volume XXVII, June 1963

for 24 hours resulted in insignificant vaso-
activity compared to incubation at 37 C., a
characteristic of human renin.12 However, this
difference was not quantitated.
To calculate the velocity constant of the

renin in "active" plasma, samples of renal
venous plasma were incubated at pH 5.5 at
5 C. for 24 hours and at 37 C. for 2 hours.
For comparison, an "inactive" plasma was

incubated with a dilute solution of human
renin at 5 and 37 C. under the same condi-
tions as above. The results were as follows:

"Active" plasma at 5 C. for 24 hours at pH 5.5
Angiotensin formed - 0.05 A.U./ml.
Renin-substrate = 9.6 A.U./ml.
K = 0.000332 X 10-2

"Active" plasma at 37 C. for 2 hours at pH 5.5
Angiotensin formed = 0.68 A.U./ml.
Renin-substrate = 8.0 A.U./ml.
K = 0.074 x 10-2

The velocity of the reaction was 220 times
faster at 37 C. than at 5 C.

Results for "inactive" plasma plus human
renin were as follows:
At 5 C. for 24 hours at pH 5.5

Angiotensin formed = 0.05 A.U./ml.
Renin-substrate = 7.3 A.U./ml.
K = 0.000487 X 10-2

At 37 C. for 1 hour at pH 5.5
Angiotensin formed = 0.375 A.U./ml.
Renin-substrate = 6.4 A.U./ml.
K = 0.1014 X 10-2

The velocity of the reaction was 210 times
faster at 37 C. than at 5 C.
The data show that the renin-like enzyme

in plasma has the same temperature coefficient
as human renin prepared from kidney tissue.

Effect of Incubation of "Active" Plasma on Renin-
Substrate

Further evidence for the renin nature of
the enzyme in plasma of patients with arte-
rial hypertension could be obtained if after
incubation at 37 C. there would be a decrease
in renin-substrate. ILeloir and his colleagues13
used such a method for the indirect determi-
nation of small amounts of renin in plasma.
To study the phenomenon, a sample of pe-

ripheral blood plasma, which was vasoinactive
after incubation at 1 hour at 37 C., and a

plasma from a patient with malignant hyper-
tension, which liberated 0.3 A.U./ml. of angio-
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tensin under the same conditions, were -se-
lected.
An aliquot of plasma was incubated with

an excess of human renin to determine the
renin-substrate content. Another. aliquot was
diluted with 1 volume of 0.9 per cent sodiumn
chloride solution, adjusted to pH 5.5 and in-
cubated 4 hours at 37 C. To adsorb the angio-
tensin formed, the incubate was shaken with
10 mg. of acid-washed animal charcoal per
ml. of original plasma at 0 C. for 10 minutes
and centrifuged to remove the charcoal. The
supernatant fluid was then incubated with
an excess of human renin to determine the
amount of renin-substrate remaining after
these procedures.

Incubation of the "active" plasma resulted
in a decrease of renin-substrate from 8.4
A.U./ml. to 6.6 A.U./ml.; whereas, inactive
plasma treated in the same way showed no
reduction in renin-substrate.
Nature of the Heat Stable Vasoactive Factor Lib-
erated by the Incubation of Human Plasma

In earlier papers, we have showin that the
physical and pharmacologic properties of the
vasoactive polypeptide in every way tested
were identical to angiotensin." 3, 4 The rate
of inactivation of this polypeptide by kidney
and red-cell angiotensinase, as well as by
trypsin and chymotrypsin, was the same as
that for purified angiotensin. The dependence
on a chloride-activated enzyme (converting
enzyme) for constrictor activity on the aortic
strip identifies the polypeptide with angio-
tensin.3
Summary of Evidence for the Presence of Renin
in Human Plasma

The renin-like enzyme in human plasma is
of renal origin, that is, the eoncentration of
this substance is higher in renal venous blood
than in peripheral blood.

It has the following characteristics whieh
are the same as those in human renin: the
same specificity to rat, cat, and human plasma,
the same temperature coefficient, the same
alkali stability, the same pH dependency, and
splits renin-substrate.

K

The demonstration of the converting en-
zyme and the presence of angiotensin I and
II are further proof that the renin-angioten-
sin system is responsible for the vasoactivity
of h-uman plasma from patients with hyper-
tension.

In addition, the physical and pharmacologic
properties of the polypeptide formed by in-
cubation of human plasma in every way tested
are identical to angiotensin.
Quantitative Determination of Renin Content of
Plasma

With the great variation in the renin-sub-
strate concentration in plasma of subjects
with arterial hypertension, any attempt at
quantitation of renin in the plasma must take
this factor into consideration. The first order
reaction constant in the form used by Plentl
and Page14 for the assay of renin,

2-log10 100(MX)
K = t ' x 2.303

appeared suitable. In this equation "4M" is
the amount of angiotensin formed by ineu-
bation with an excess of renin, or the renin-
substrate concentration, and "X7 is the
ainount of angiotensin formed by the renin
presenit in the incubation mixture in time "t"
expressed in minutes. Since the expression

M-X is a measure of substrate utilization,

any standard of angiotensin activity can be
used, units or micrograms of angiotensin.
The validity of the use of the reaction con-

stant in the presence of the angiotensinase in
dialyzed human plasma was tested. An "in-
active" plasma was diluted with an equal
volume of saline containing 0.1, 0.2, and 0.4
ml. of a dilute solution of angiotensinase-free
human renin. The mixtures were incubated
for 1 and 2 hours at pH 5.5 and 37 C. The
renin-substrate was determined by incubation
with an excess of human renin. The reaction
was stopped by heating to 100 C. The values
obtained were as follows:

2-lo,10100(5.85 - 2.0)2-log10 100 5.85)
60 x 2.303 - 0.7 x 10-2
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2 Hour ineubation
A.U./ml. K X 102

0.92 0.15
1.71 0.30

0.4 ml. 2.00 0.62 2.80 0.58

Renin-substrate 6.4 5.6

When an " active " plasma was incubated
without the addition of renin for 0.5, 1, and
2 hours at pH 5.5 at 37 C., the values obtained
were:

A.U./ml.

0.50
0.62
0.80

Renin -

substrate

7.73
6.13
5.33

K X 102

0.22
0.18
0.20

Most of the renin-substrate eoncentrations
found in human plasma fall in the range of
5 to 15 A.U./ml., so three plasmas in this
range were incubated with 0.001 G.U. of
angiotensinase-free human renin per ml. of
dialyzed plasma at pH 5.5 for 1 hour at 37 C.
as before. This amount of renin was chosen
because the majority of the renin concentra-
tions found in human plasma fall below this
value. The following values were obtained:

Renin-substrate

5.2

9.3

14.4

A.U./ml.

0.33

0.52

0.78

Mean =

K X 102

0.109

0.096

0.093

0.099

Since some plasmas from renal veins of
the involved kidneys in renal vascular occlu-
sive disease have higher renin contents, a

similar experiment was done with a higher
concentration of renin (0.003 G.U./ml. of
plasma). Only one renal vein plasma had a

renin value higher than 0.003 G.U./ml. The
renin-substrate concentration was varied
from 5.6 to 17.8 A.U./ml. (eight different
concentrations). The mean of the K x 102
(first order) was 0.306; the standard devia-
tion was 0.047; and the standard error of
the mean was 0.016.

These data show that it is possible to ex-

press the renin activity of dialyzed human
plasma in terms of the first-order reaction
constant in the presence of the angiotensinase
present when the incubation is conducted at

Circulation, Volume XXVII, June 1963

pH 5.5. Plentl and Page'4 suggested a renin
unit could be defined as: 1 R.U. = K x 102.
Even though the activity of the renin in

human plasma could be expressed in terms
of the reaction constant, it was thought that
it would be worth while to correlate reaction
constant with Goldblatt units,13 since in many
studies in the literature this has been the unit
of activity of renin. For these studies, angio-
tensinase-free renin was prepared from hu-
man kidneys and standardized against hog
renin by use of hog substrate. Human plasma
that was vasoinactive when incubated for 1
hour at pH 5.5 at 37 C. was used as a source
of renin-substrate. When incubated under the
same conditions with an excess of human
renin, it was capable of releasing 7.2 A.U./ml.
of plasma. For the renin-substrate assay, 1 ml.
of plasma was diluted with 3 ml. of saline
containing 0.2 G.U. of renin.
The reaction mixtures were made up of 2

ml. of plasma and 2 ml. of 0.9 per cent so-
dium chloride solution containing the renin.
Concentrations of renin per ml. of plasma
ranged from 0.0005 to 0.02 Goldblatt units.
The samples were incubated for 1 hour at 37
C. at pH 5.5. The reaction was stopped as
described earlier and assayed as before in the
cat preparation.

Angiotensinase-free hog renin and renin-
substrate16 were incubated under the same
conditions for comparison with the human
material. In this experiment, 9 ml. of 2 per
cent renin-substrate in a total incubation mix-
ture of 10 ml. were used. The range of renin
concentration was the same as for the human
plasma incubates. On incubation for 1 hour
at 37 C. at pH 5.5 with an excess of renin,
2.8 A.U. of angiotensin were formed in 1 ml.
of reaction mixture (fig. 5).
The data are presented in figure 6, human

in black dots, hog in white dots. There was a

close correlation between renin concentration
and reaction constant. The reaction constant
of human renin incubated with human plasma
and hog renin incubated with hog substrate
paralleled each other under these conditions.
With this information, then, it was possible

Renin

0.1 ml.
0.2 ml.

1 Hour incubation
A.U./ml. K X 102

0.60 0.16

1.14 0.32

Hours

0.5
1.0

2.0
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0

1.0

0.8

0.6-

0.4 -

0.2

.004 .008 .012 .016 .020

RENIN G.U. PER ML.

Figure 6

Reaction constant for incubation of human renin

with human plasma (black dots) and hog renin

with hog renrn-substrate (white dots). Incubation
1 hour at 37 C. at pH 5.5.

to express renin in Goldblatt units per liter
of dialyzed plasma, as well as in terms of the
reaction constant. For instance, renal venous

plasma from the involved kidney of a patient
with renal vascular occlusive disease when
incubated for 1 hour produced 2.0 A.U. of
angiotensin per ml. of plasma. When incu-
bated with excess of human renin, 5.85 A.U.
of angiotensin was formed per ml. of plasma.
Substituting these values in the formula anld
referriiig to figure 6, 0.7 x 10-2 is equivalent
to 0.007 G.U. per ml. or 7.0 G.U. per liter.

Brachial artery plasma from this same pa-

tient obtained 5 days before the renal vein
plasma, when incubated for 1 hour, produced
0.90 A.U. of angiotensin per ml. of plasma.
When ineubated with excess of renin, 10.5
A.U. of angioteAsin was formed per ml. When
calculated the same way, K = 0.15 x 10-2 or

1.5 G.U. per liter of plasma.
No renin could be detected in brachial ar-

tery plasma 1 hour after the removal of the
involved kidney. Blood pressure before op-

eration was 200/130, after operationl 140/80.
The renin concentrations in the plasnmas of
this patienit are the highest found to date.

Useful information on the release of renini
by the kidney can be obtained without deter-
mining the renin-substrate concentration of
the plasma. Routinely, dialyzed plasnmas are
screened for activity on the aortic strip after
incubation at pH 5.5 for 1 hour at 37 C.
By the technics described in this paper and

by assaying the angiotensin formed on the
aortic strip, it is possible to quantitate the
renin concentration in the peripheral blood
of healthy normotensive subj ects. The <'M"
value or renin-substrate of the dialyzed
plasma of 14 such subjects, ranging in age
from 19 to 46 years, averaged 6.07 A.U./ml.,
with a range of 4.8 to 7.6. The "X" value,
or angiotensin formed bv incubation of
plasma, averaged 0.023 A.IU./ml., with a range
of 0.005 to 0.04; the renin content averaged
0.07 G.U./L., with a range of 0.03 to 0.12.

Sinee this paper is coneerned chiefly with
the description of the methods used, only a
brief summary of the findings in arterial hy-
pertension will be presented.
The highest coneentration of constrictor

activity was found in patients with renal vas-
cular occlusive disease. High values were also
found in malignant hypertension.
The values for both reniii and renin-sub-

strate varied greatly from patient to patient
and in the same patient during the course of
therapy and ehange in clinical state. An ex-
ample is shown in table 1. This patient was
treated with a combination of a diuretic, re-
serpine, and hydralazine.
On admission to the hospital, the renin con-

centration of peripheral plasma was 0.47
G.U./L. With the reduction in pressure the
renin concentration dropped to a normal
value of 0.07 G.U.,/L. All of the values for
renin-substrate were higher than normal in
the peripheral plasma (8.0 to 16.0 A.U. /nil.).
Even greater variation was found in a pa-

tient with malignant hypertensive cardiovas-
cular disease. In this patient 14 assays were
done on peripheral venous plasma over a

Circulation, Volume XXVII, June 1963
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Table 1
Renin Concentration in Plasma of Patient (C.F.) with Arterial Hypertension during a Course of Therapy

Renin~~~~~~~~

Plasma sample

Perph. vein

Perph. vein

R. ren. vein
Sup. vena eava

Perph. vein

R. ren. vein
L. ren. vein
Sup. vena eava

*"IX" of formula.
t"M"M of formula.

period of 41/2 months. The renin values aver-

aged 0.35 G.U./L., with a range from 0.12 to
0.82 G.U./L.; the renin-substrate from 8.4 to
57 A.U./ml., of plasma. The high value of
57 A.U./ml. of renin-substrate occurred when
the blood urea nitrogen was 154 mg. per cent

-a week before the patient died in uremia.
The renin-substrate and blood urea nitrogen
concentration did not necessarily parallel
each other. Soon after the patient was ad-
mitted to the hospital with a blood urea

nitrogen of 138 mg. per cent, the renin-sub-
strate was equivalent to 10.2 A.U./ml. Later
when the blood urea nitrogen had dropped to
23 mg. per cent, the renin-substrate concen-

trations of 10.4 and 11.2 A.U./ml. were found.
In two patients diagnosed as pre-eclampsia

with blood urea nitrogen concentrations of
17 and 11 mg. per cent, the renin-substrate
values were 24 and 18 A.U./ml., respectively.

In contrast to these data a patient with a

blood pressure of 220/160 and a blood urea

nitrogen of 20 mg. per cent had renin and
renin-substrate values in the normal range.

Discussion
In our earlier work the constrictor and

pressor activity of dialyzed plasma of patients
with arterial hypertension was expressed in

terms of angiotensin. In our current work,
vasoactivity is expressed in renin units. The

amount of angiotensin formed depends upon

the concentration of renin and renin-substrate

Circulation, Volume XXVII, June 1963

available for it to act upon. Both these fae-
tors have been taken into account in the de-
velopment of the method.
The great variation observed in the con-

centration of renin-substrate in the plasma
of patients with arterial hypertension may be
of real physiologic importance, since the ad-
renal glands and the liver are both concerned
with the formation of this factor. In the
plasma of many of these patients elevated
values for renin-substrate have been found.
The highest levels occurred in the presenee

of uremia but the renin-substrate and blood
urea nitrogen concentrations did not parallel
each other. Much more work will have to be
done before the meaning of these findings can

be interpreted.
With a quantitative method for the deter-

nination of renin in small amounts of plasma,
it will be possible to evaluate the role of renin
in different states of arterial hypertension as

well as in other pathologic conditions.

Summary
A method was described for the quantita-

tive determination of renin in small amounts
of dialyzed human plasma, utilizing the first
order reaction constant.
A wide variation was found in the renin-

substrate (angiotensinogen) content of plas-
ma of patients with arterial hypertension.
Many of these patients had high concentra-
tions of this factor.

Date

10-11-61

10-19-61

10-27 -61
10-27-61

1-12-62

1-15-62
1-15-62
1-15-62

Blood urea
nitrogen
mg. %

26
26
24

B.P.
mm. Hg

240/140
170/90
240/120
240/120
140/70
150/80
150/80
150/80

Incubate
A.U./ml.*

0.29
0.05
0.20
0.26
0.03
0.07
0.07
0.03

Renin-
substrate
A.U./Ml.t

10.2
16.2
10.0
10.0

8.3
7.6
8.0
8.0

KX102

0.047
0.005

0.034
0.044

0.007

0.015

0.015
0.007

Renin
G.U./L.

0.47
0.05
0.34
0.44

0.07
0.15
0.15
0.07
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