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ABSTRACT OF THE DISCLOSURE

A process for assaying the quantity of angiotensin and
renin employing radioimmunoassay techniques, compris-
ing the steps of combining solutions of (1) antibody to
angiotensin coupled to poly-L-lysine, (2) angiotensin
labeled with radioactivity, and (3) varying known amounts
of unlabeled angiotensin, to produce mixtures having a
pH of about 7.0 to 9.5, which upon incubation form
angiotensin-antibody complexes. The mixtures of angio-
tensin-antibody complexes (antibody-bound angiotensin)
and free angiotensin are applied either to paper strips,
coated charcoal, ion exchange resins or resin sponges,
and subjected to radioimmunoassay techniques to separate
the antibody-bound angiotensin complexes from the free
angiotensin. Some of the free and antibody-bound angio-
tensin is radioactive; the ratio of radioactivity of the
antibody-bound angiotensin complex to free angiotensin
is plotted as a function of the known concentrations of
angiotensin in each mixture to prepare a standard con-
centration graph. The process is repeated employing un-
known amounts of unlabeled angiotensin, which may be
derived from the action of renin on renin substrate, and
the concentration of angiotensin is read from the graph.

re— AT T e

This invention relates to a process for detecting and
measuring quantities of angiotensin and renin and, more
particularly, to a process for employing the techniques
of radioelectrophoresis to assay quantities of angiotensin
and renin.

Angiotensin II is a physiologically active octapeptide
hormone which increases the blood pressure when present
in the body. Renin substrate is the precursor of angiotensin
and is converted to angiotensin by the enzyme renin which
is produced in the kidney. Although angiotensin alone is
unable to elicit the production of a specific antibody, it
is known that angiotensin can promote the production of
a specific antibody in animals, when the angiotensin is
coupled with a carrier molecule, poly-L-lysine, at the
carboxyl-terminal phenylalanine or amino-terminal aspar-
agine ends of angiotensin. The antibody combines with
angiotensin to form an angiotensin-antibody complex.

Researchers in the field have also found that the an-
giotensin may be identified as it complexes with the anti-
body by labeling the angiotensin with a radioactive iso-
tope, such as iodine 131 or 125, The angiotensin-I'3!-anti-
body complex forms when the two are mixed. The an-
giotensin antibody complexes with equal affinity with
either unlabeled or labeled angiotensin, and therefore, as
unlabeled angiotensin is added to the labeled angiotensin-
antibody mixtures, the amount of free angiotensin-I131
increases.

It is therefore an object of this invention to provide a
process for separating the radioactive angiotensin-antibody
complexes (bound angiotensin) from free radioactive
angiotensin. It is furthermore an object of this invention
to provide a method for rapidly determining the concen-
trations or quantities of unknown amounts of angiotensin
and renin.

In accordance with the invention, the objects are
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achieved by the following process, Mixtures are formed
containing three components: (1) the antibody to angio-
tensin, which has been made antigenic by coupling the
angiotensin to the carrier molecule poly-L-lysine by means
of its carboxylterminal phenylalanine (A-(Phe)-PL) or
amino-terminal asparagine (PL(Asn)-A), (2) radioactive-
ly labeled angiotensin (iodine 131, iodine 125, etc.), and
(3) varying known amounts of unlabeled angiotensin. The
mixtures should be in the range of approximately pH 7.0
to 9.5, and are allowed to incubate to form angiotensin-
antibody complexes. The mixtures are then subjected to
one of the following three radioimmunoassay techniques
to separate the antibody-bound angiotensin complex from
the free angiotensin: (1) paper radioelectrophoresis, (2)
coated charcoal, or (3) ion exchange resins or resin-
sponges.

In the accompanying drawing:

FIG. 1 is a radioelectrophoretogram showing the re-
lationship of the radioactivities of free angiotensin-It3!
and antibody-bound angiotensin;

FIG. 2 represents a graph illustrating the relationship
between the ratio of radioactive angiotensin-antibody
complexes to free angiotensin-I!3! and the concentration
of angiotensin.

Following the separation of the antibody-bound an-
giotensin complex from the free angiotensin, the radio-
activities in the complex and in the free angiotensin group
are counted to prepare a radioelectrophoretogram as shown
in FIG. 1, wherein the radioactivities of the antibody-
bound angiotensin complex 10 and the free angiotensin-
I3 11 are located in separate peaks permitting visual
comparison and computation of the relative areas under
each peak.

A standard line graph as shown in FIG. 2 is prepared
by plotting the ratios 28 of the radioactivity of the anti-
body-bound angiotensin complex to the radioactivity of
the free angiotensin-I'3! as functions 22 of the varying
known amounts of unlabeled angiotensin 21 contained in
each mixture. Since the amount of labeled angiotensin
present in each mixture is infinitesimal in comparison with
the amount of unlabeled angiotensin added, it is simpler
in practice to use the total of the amounts of labeled and
unlabeled angiotensin present in the mixture to plot the
line graph.

The concentration of unknown amounts of angiotensin
in solution is determined by substituting the unknown
angiotensin solution for the known amounts of unlabeled
angiotensin in the mixture described above. The process is
then repeated to determine the ratio of the radioactive
antibody-bound angiotensin complex to free angiotensin-
1131, The ratio is located on the line graph, from which
the concentration of the unknown solution of angiotensin
may be immediately established.

In formulating the mixtures of angiotensin antibody,
angiotensin-I13!, and unlabeled angiotensin, it has been
found advantageous to prepare the mixtures in a solution
of buffer containing approximately 0.25% to 0.5% human
serum albumin, and to maintain the pH between 7.0 and
9.5, preferably about 8.6. In order to establish efficiently
the known quantities of angiotensin in the standard mix-
tures and to ensure the purity of the angiotensin samples,
it is preferred to use synthetic angiotensin.

Although antibodies from any standard research animal
may be used, such as dog, hamster, or guinea pig, excel-
lent results have been obtained using rabbit antibody.

In applying the technique of paper radioelectrophoresis,
it has been found that the following conditions provide
excellent results. A great saving of time and effort may
be achieved if several mixtures are processed simultane-
ously. Mixtures containing varying known amounts of
synthetic angitensin may be processed at the same time
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that mixtures containing unknown amounts of angioten-
sin are being processed.

The mixtures are refrigerated at approximately 4° C.
for approximately twenty-four hours. During this period
of time, both the labeled and unlabeled angiotensin com-
bine with the antibody to form angiotensin-antibody com-
plexes. Portions of the mixture are applied to the cathode
ends of strips of Whatman No. 3MM filter paper. The
filter paper is placed on horizontal supports with the two
ends immersed in buffer solutions, and a potential of ap-
proximately 200 volts is applied across the paper for 10
to 25 hours. The buffer solution employed has a pH of
approximately 8.6 with an ionic strength of approximately
0.1. Satisfactory separation of the angiotensin-antibody
complex from free angiotensin is accomplished under
these conditions.

If desired, a quantity of nonimmune (control) rabbit
plasma or serum may be added to each mixture tube to
prevent adsorption to the paper or glass of antigen-anti-
body complexes which are present in low concentrations.
The paper strips are then dried and assayed for radioactiv-
ity in an automatic strip scanner employing a linear rate«
meter with an integrating count circuit. The protein in
the strips may be stained with naphthalene black and
10% acetic acid in methyl alcohol.

It has been observed that the angiotensin-antibody
complex migrates with the mobility of gamma globulin
in the anodal direction. The free angiotensin, however,
migrates more rapidly in the anodal direction, which
results in the desired separation of the two groups.

The ratio of bound to free radioactive angiotensin is
plotted on a graph as a function of the varying known
concentrations of unlabeled angiotensin contained in the
mixtures. It is preferred to dilute the mixture appropri-
ately to yield an initial bound to free ratio of between
1.5 and 3.0 in the absence of added unlabeled angiotensin.
Tt is also desirable to select an antiserum (rabbit antibody
to angiotensin coupled to poly-L-lysine) which will result
in a sharp slope of decline of the ratio of bound to free
radio active angiotensin with increasing angiotensin con-
centration. The resulting graph may be used to find the
concentration of unlabeled angiotensin in .001 (mp g.)
quantities.

The mixtures containing unknown amounts of unlabeled
angiotensin are subjected to the same paper radioelectro-
phoresis technique as discussed above. The ratio of bound
radioactive angiotensin to free radioactive angiotensin is
then located on the standard line graph prepared as de-
scribed above. From the graph the concentration of the

unknown amounts of angiotensin may immediately be |,

determined.

As an alternative method of separating the radioactive
antibody-bound angiotensin complexes from the free
angiotensin-113!, a procedure may be employed utilizing

coated charcoal. According to this procedure, portions of |,

the mixtures containing the known and unknown angio-
tensin specimens are applied to solutions of charcoal pow-
der coated with dextran. The charcoal is precipitated by
centrifugation and contains the free angiotensin. The
supernatant fluid contains the radioactive antibody-bound
angiotensin complexes, and the radioactivity is counted
in a well-type scintillation counter.

The ratio of the radioactive antibody-bound angiotensin
complex to free angiotensin-I!%! is plotted as a function
of the angiotensin concentration, as described above in
connection with the paper radioelectrophoresis technique.
The angiotensin concentration in the mixtures may be
readily determined by the use of the standard line graph.

Another method of separating the antibody-bound
angiotensin complexes from the free angiotensin-1'3! em-
ploys the use of ion exchange resins or resin-sponges.
According to this technique, portions of the mixtures con-
taining the standard and unknown angiotensin specimens
are applied to ion exchange resins or resin-sponges. The
efffuent or supernatant fluid retains the antibody-bound
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angiotensin complexes while the free angiotensin-I13! is
adsorbed onto the ion exchange resin or resin-sponge.
The supernatant fluid and the resins are then processed
to count the radioactivity in a manner similar to the tech-
niques outlined above for coated charcoal. A standard
graph is prepared for use in determining the concentration
of angiotensin contained in the unknown angiotensin
specimens.

The process of the invention may also be used to de-
termine the activity of renin. In order to assay the activity
of renin, the fluid containing the renin is immediately
cooled to about 0° C. to 5° C. An anticoagulant may be
added, such as the ammonium salt of ethylenediamine-
tetraacetic acid. The renin-containing fluid (plasma) is
incubated at a pH of about 5.5 and at a temperature of
about 37° C. with an ammonium type resin (such as
Dowex resin 50 W=X2). The resulting angiotensin, which
is liberated during incubation ,is adsorbed onto the resin
and protected from inactivation by the angiotensinases.
The adsorbed angiotensin is then eluted from the resin
and assayed as described above according to one of the
three radioimmunoassay techniques.

The following example is intended to be illustrative of
the process of the invention, and is not to be considered
as defining the scope of the invention.

EXAMPLE

Two standard mixtures of (1) rabbit antiserum to
angiotensin, (2) labeled synthetic angiotensin-I'3!, and
(3) unlabeled synthetic angiotensin were prepared having
angiotensin concentrations of 0.005 pg./30 wl. and 0.05
ug./30 pl. A third mixture of (1) antiserum (antibody),
(2) labeled synthetic angiotensin, and (3) unlabeled
angiotensin in an unknown concentration was also pre-
pared. The three mixtures were prepared in buffer solu-
tions at pH 8.6 containing 0.25% human serum albumin
and incubated at 4° C. for 24 hours. 50 ul. of nonimmune
(control) rabbit plasma were added to each mixture to
prevent adsorption onto the paper during radioelectro-
phoresis. Portions of the three mixtures were applied to
strips of Whatman No. 3MM filter paper, and the ends
of the strips were placed in barbital buffer solutions at
pH 8.6 and an ionic strength of 0.1. Radioelectrophoresis
was effected at a constant temperature of 4° C. for 18
hours with a 200 volt potential. The strips were assayed
for radioactivity after drying, employing an automatic
strip scanner connected to a linear ratemeter with an inte-
grating count circuit and a dwval channel recorder. The
areas under the two peaks of the paper radioelectro-
phoretogram representing the radioactivity of the free
angiotensin-1'3! and the radioactivity of the labeled angio-
tensin-antibody complex were determined, and the ratios
of bound to free angiotensin-I31 were ascertained. The
ratios were 0.83 and 0.53 for the known solutions and
0.24 for the unknown solution. The first two ratios were
plotted on graph paper as functions of the known concen-
trations of unlabeled angiotensin to produce two points.
The points were connected with a straight line to form a
line graph. The ratio of the unknown solution was Jocated
on the line graph and the concentration of the unknown
solution of angiotensin was found to be 0.5 pg./30 gl

The process described herein may thus be used to assay
the activity of angiotensin and of renin in an efficient and
rapid manner. The concentration of a sample of angio-
tensin is readily determined with the use of the standard
graphs, thereby providing the solution to a problem long
recognized in the art.

T claim:

1. A process for assaying angiotensin activity compris-
ing the following steps: (1) preparing an amount of anti-
body to angiotensin coupled to poly-L-lysine, (2) label-
ing an amount of angiotensin with radioactivity, (3) pre-
paring solutions containing varying known amounts of un-
labeled angiotensin, a quatity of the antibody and a quan-
tity of labeled angiotensin in order to form mixtures having
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a pH of about 7.0 to 9.5 containing radioactive antibody-
bound angiotensin complexes and antibody-bound un-
labeled angiotensin complexes; subjecting said mixtures
to paper radioelectrophoresis to separate the antibody-
bound angiotensin complexes from the free angiotensin
on paper strips, counting the radioactivity in both bound
and free angiotensin groups on the paper strips to de-
termine the ratios of the radioactive antibody-bound
angiotensin complexes to the radioactive free angiotensin,
plotting on a graph the ratios of bound to free radioactive
angiotensin as a function of the known amounts of angio-
tensin in each of the mixtures to establish a line graph
showing the relationship between the ratio of bound to
free angiotensin and the concentration of angiotensin, re-
peating the process recited above using an unknown
amount of unlabeled angiotensin in said mixture to de-
termine the ratio of bound labeled angiotensin to free
labeled angiotensin, and locating the ratio on the line
graph to determine the concentration of the unknown
amount of angiotensin.

2. A process as set forth in claim 1, wherein said
mixtures of bound and free angiotensin are applied to a
dispersion of charcoal powder coated with dextran, pre-
cipitating the charcoal leaving a supernatant liquid, meas-
uring the radioactivities in the supernatant liquid and the
coated charcoal, and plotting on a graph the ratio of the
radioactivity of the antibody-bound angiotensin complex
contained in the supernatant fluid to the radioactivity of
the free angiotensin contained on the charcoal in the man-
ner set forth in claim 1.

3. A process as set forth in claim 1, wherein the mix-
tures of bound and free angiotensin are applied to ion
exchange resins or resin-sponges to yield an eluate or a
supernatant liquid, measuring the radioactivity in the
supernatant liquid and in the resins, and plotting on a
graph the ratio of the radioactivity of antibody-bound
angiotensin complex contained in the supernatant fiuid to
the radioactivity of the free angiotensin contained in the
resins in the manner set forth in claim 1.

4. A process as set forth in claim 1, wherein said paper
radioelectrophoresis is effected by applying aliquots of
the mixtures of bound and free angiotensin to the cathode
ends of strips of filter paper, the ends of the paper strips
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are immersed in buffer solutions at approximately pH 8.6
and approximately 0.1 ionic strength, and a potential of
approximately 200 volts is applied across said strips for
10 to 25 hours to separate the antibody-bound angiotensin
complexes from the free angiotensin.

5. A process as set forth in claim 1, wherein the mix-
tures of (1) antibody, (2) labeled angiotensin, and (3)
unlabeled angiotensin are prepared in a buffer solution,
containing 0.25% to 0.5% human serum albumin.

6. A process as set forth in claim 1, wherein nonim-
mune plasma is added to the mixture of bound and free
angiotensin to prevent adsorption of the angiotensin-anti-
body complexes to the strip paper.

7. A process as set forth in claim 1, wherein the mix-
tures of antibody and radioactive angiotensin are diluted
to yield an initial bound to free radioactive angiotensin
ratio of from approximately 1.5 to 3.0 in the absence of
added unlabeled angiotensin.

8. A process as set forth in claim 1, wherein the protein’
on the paper strips is stained with naphthalene black
and 10% acetic acid in methyl alcohol.

9. A process as set forth in claim 1, wherein the anti-
body to angiotensin is produced by rabbits.

10. A process for assaying renin activity comprising
the following steps: cooling the fluid containing renin to
between 0° C. and 5° C.; adding a blood anticoagulant
to the renin-containing fluid; incubating the renin-contain-
ing fluid on an ammonium type resin at approximately
pH 5.5 at approximately 37° C. to liberate angiotensin;
adsorbing the liberated angiotensin onto the resin; eluting
the angiotensin from the resin, and assaying the angio-
tensin according to the process set forth in claim 1.
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