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In the plasma of dogs, hypertensinogen, the
globulin substrate of renin, has been found to be
increased after nephrectomy and decreased after
the injection of renin (1). The liver has been
claimed to be the chief source of hypertensinogen
in dogs since removal or injury of the liver
decreases or perhaps abolishes the regeneration
of hypertensinogen (2, 3). From this experi-
mental work it might be expected that the
plasma of patients with kidney and liver disease
would show abnormal hypertensinogen values.
The present study deals with its determination
in the plasma of patients with liver, kidney,
cardiovascular, and various other diseases.

METHODS

Samples of 2 or 4 ml. of nonhemolyzed human plasma
were incubated for 25 minutes, at 37° C., at pH 7.3, with
an excess of human renin, as described in detail elsewhere
(4). The hypertensin formed was assayed on cats by
comparing the blood pressure rise obtained from the
sample tested with that of a standard hypertensin solution.
Each figure reported for hypertensinogen is the result of
several tests, usually on 2 or more samples of plasma.
Since the absolute values may vary somewhat with the
sensitivity of the test animal, each pathological plasma
was compared with one from a normal control, using the
same solution of renin. Measurements of the non-protein
nitrogen, total protein, albumin, globulin, and blood
pressure were taken from the hospital records.

RESULTS

Diseases of the liver. At least 6 of the 10
patients listed in Table I had a low concentration
of plasma hypertensinogen as compared with
that of normal subjects. The decrease was most
apparent in advanced cirrhosis with marked
hepatic insufficiency. Values within about 40

1 This study was aided in part by a grant from the
John and Mary R. Markle Foundation.
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per cent of the control must be considered within
normal limits. Low hypertensinogen concentra-
tions must be regarded critically since many
defects in technic can lead to a low or incomplete
formation of hypertensin, thus giving low values.
It is probable, however, that the low hyperten-
sinogen concentration in liver disease, as com-
pared to that of normal controls, represents a
defect in the formation of this protein. The
decrease in hypertensinogen formed was not due
to its destruction by hypertensinase in the plasma
since the amount of plasma used was too small,
the period of incubation too short for the hyper-
tensinase to be effective, and the hypertensinase
content of the plasma of cases 2, 8, and 9 was
within normal limits.

Patients with various other disturbances. Of
12 patients who had elevated serum globulins
(over 3.4 grams per cent), 8 have been mentioned
under the section on liver disease (Table I). In
the other 4 (cases 13, 15, 32, 33), the hyperten-
sinogen was considered to be within normal
limits (Table II). High serum globulin, there-
fore, does not necessarily imply an increase in
the concentration of hypertensinogen. In 9 pa-
tients with fever (101° F. or above), the hyper-
tensinogen concentration was normal (Tables I
and II). With the exception of case 12, there
was no evidence that the hypertensinogen con-
centration was altered by renal insufficiency with
azotemia (cases 15, 16, 23, 32, 33, 36). Its
concentration was also within normal limits in
the following cases (Table II): Eight cases with
chronic hypertension, 2 cases each of nephrosis,
burns, Hodgkin’s disease, and shock, 1 each of
Addison’s crisis, thyrotoxicosis, and multiple
myeloma, and 5 cases with normal blood pressure
under ether anesthesia. Two patients of the
present series (cases 11, 12) and 1 of a previous
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TABLE I
The concentration of hypertensinogen in the plasma of patients with diseases of the liver

Hypertensinogen
Body | Blood | Non- | Total | Albumin
Case | Age | o0 | perm | mive | "Wiver | Dlasma | globulia Differ- Diagnosis
ture gen gen Patient | Control |ence from
control
years | mm.Hg | °F. mgm. per cent grams per cent ‘:l“m per cent
1 51 | 110/70 | 101.2 32 8.1 3.2/4.9 5.0 44 +13 | Carcinoma of esophagus
2 67 | 145/80 | 100.5 25 6.5 3.1/3.4 3.8 3.7 + 3 | Cirrhosis
3 63 | 165/84 | 100.4 25 6.3 2.9/3.4 2.5 4.1 —39 | Cirrhosis
4 57 | 130/80 99.3 6 23 7.2 3.5/3.7 2.5 4.5 —44 | Alcoholic cirrhosis
S 65 | 110/70 99.0 34 5.4 0.9/4.5 19 4.0 —52 | Laennec’s cirrhosis
6 65 | 140/80 99.0 6 5.8 2.1/3.7 1.9 4.5 —58 | Laennec’s cirrhosis
7 62 | 115/70 98.6 18 33 6.7 1.4/5.3 1.7 44 —61 | Cirrhosis (advanced)
8 52 | 126/60 | 100.0 8 6.4 2.4/4.0 1.0 3.7 —73 | Cirrhosis (terminal)
9 54 | 100/66 99.3 10 6.7 1.6/5.1 1.2 4.6 —74 | Laennec’s cirrhosis, pul-
monary tuberculosis
*10a | 23 | 125/68 | 101.0 25 6.0 2.1/3.9 1.1 3.9 —72 | Cirrhosis (terminal),
splenomegaly
b 118/70 | 101.4 0.5 31 -84

* Sample ““a” was taken a month before sample “b."”

. TABLE II
The concentration of hypertensinogen in the plasma of patients with various diseases
Hypertensinogen
Body (Flood! Dee| Totat | Atbumin
O
Case | Age p?el:s?ge ,,‘:‘,"a'. u;ie.a 't’g: plasma| globulin Differ- Diagnosis
ture | tro- |nitro-| protein| ratio Pa- | Con-| ence
gen | gen tient | trol | from
control
H, °F HEm. nt e “;z‘“ cent
years| mm. Hg . per cent grams per ce: per mi. per
11 | 78 | 192/100 | 99.4 10.2 | 4.6 |4+122 | Bronchopneumonia, cardiac insufficiency
12 | 67 | 130/98 97.0 {105 74 10.2 | 4.8 |4+113 | Cardiac failure
13 | 35 | 125/75 99.0 26 | 7.5 |3.5/4.0]| 4.4 | 3.0 | 447 | Lymphoma of lymph nodes (Hodgkin's disease)
14 | 41 | 118/70 98.2| 12 6.7 | 5.0 | 434 | Renal calculi, left and right *
15 | 36 | 285/150 | 97.2| 81 7.8 [ 3.4/44] 6.7 5.1 | +31 | Chronic glomerulonephritis
16 | 18 | 115/70 |102.0 100 | 6.1 3.6|3.1| +16 | Burns -
17 | 33 | 240/150 | 98.6 16 5.2 | 4.5 | +15 | Malignant hypertension
18 | 43 | 116/24 3.8| 3.4 | +12 | Malignant hyf-ertension (after sympathectomy)
19 23 4.6 | 4.1 | +12 | Ulcerative colitis, shock, ? peritonitis
20 | 43 | 124/78 98.4 | 44| 2.8 |0.8/2.0] 3.7 3.7 0 | Nephrosis .
21 | 13| 98/62 |102.4 361 59 |3.1/28| 49| 4.9 0 | Ulcerative colitis, nutritional edema
22 | 38 | 170/125 | 99.6 36| 7.5 45| 4.6 | — 2 | Essential hypertension
23 | 25 | 200/110 107 5.3 [25/28]3.7{39| -5 Chr%qic glomerulonephritis, hyperparathy-
roidism
24 | 25 |.114/70 |102.0 28 | 6.1 3.2| 3.6 | —11 | Burns, inhalation burns
25 | 34 | 130/88 994 7 3.4 | 4.2 | —19 | Right renal calculus *
26 | 41 | 80/40 |101.0] 13 2.4 1 3.1 | —21 | Renal calculus, pyelonephritis (left) *
27 | 64 | 125/80 979 12 3.7 | 4.7 | —21 | Pyelonephritis, hydronephrosis (right) *
28 | 61 | 82/40 |100.0 2.2 | 2.8 | —21 | Coronary thrombosis, shock :
29 | 58 | 90/55 |101.4 23| 64 |3.4/3.0]26|34| —23 Tt(xﬁn:é- ?:fi b,oile marrow, lymphocytoma
gkin’s
30 | 61 | 134/72 9841 9 3.5 | 4.7 | —25 | Nephrolithiasis, pyelonephritis (left) *-
31| 32 | 180/120 | 98.8 321 7.7 3.7| 5.1 | —27 | Essential hypertension
32| 24| 80/55 99.0| 45 7.0 |3.2/3.8] 2.2 3.0 | —27 | Addison’s disease (crisis)
33| 52 | 114/70 99.8| 20 | 69 | 8.8 |2.3/6.5]3.1|4.3]| —28 P{elonephritis, myeloma
34 | 23 | 112/68 99.8| 8 6.8 |4.0/2.8] 2.6 | 3.7 | —30 | Thyrotoxicosis
35| 39 | 240/162 | 98.0 30 3.8 | 5.6 | —32 | Hypertension
36 | 29 | 150/110 | 98.6 80 | 5.2 |2.1/3.1| 2.7 | 4.1 | —34 | Nephrosis
37130 | 90/60 |101.5 2.0 | 3.4 | —41 | Burns (hands and face)
38 | 22 | 120/15 |102.3] 19 6.3 25|50] =50 S\lxibgcute bacterial endocarditis, aortic insuf-
ciency

* Bloods were taken at operation under ether anesthesia.
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series showed elevated hypertensinogen values.
These 3 had severe hypertensive or arterio-
sclerotic cardiovascular disease and were practi-
cally moribund when the determinations were
made. The increase in concentration was not
due to pressor substances in the fresh plasma
since control tubes with plasma alone did not
raise the blood pressure. An experiment in
which urea was added to control plasma to
make an 0.25 per cent solution indicated that
urea itself did not increase the values for hyper-
tensinogen.

DISCUSSION

The concentration of hypertensinogen in nor-
mal human beings was previously reported (5)
as ranging from about 2 to 5 units per ml., and
Tables I and II show the ranges encountered.
The average is considered to be approximately
4.1 cat units per ml. This is in close agreement
with the figure of 0.75 (dog) unit (3.0 cat units)
recently reported by others (6) who found the
concentration varying from 0.6 to 1.32 (dog)
units (2.4 to 5.3 cat units) in 12 normal indi-
viduals. Their method of assay was similar to
ours except that they used a greater excess of
human renin (400 cat units) and a shorter
incubation period (7 minutes).

The results obtained on the variations in
concentration of hypertensinogen in wvarious
diseases may be in part explained or anticipated
from previous work in this and other labora-
tories. It might be expected that the concen-
tration of hypertensinogen would be low in
diseases which interfere with the synthesis of
hypertensinogen and high in diseases which
interfere with its destruction or conversion to
hypertensin. A decrease in hypertensinogen in
severe hepatic insufficiency was to be expected
from animal experiments previously reported
(2, 3).- Our observations are further evidence
that hypertensinogen, like albumin and some
plasma globulins (7), is formed at least in part
by the liver (2, 3). In diseases in which circu-
lating renin is excessive, such as severe hypo-
tension from hemorrhagic shock in dogs, the
hypertensinogen concentration of plasma has
been shown to decrease (8), presumably due to
its being destroyed more rapidly than it can be
synthesized. We have been unable to confirm

the increase in hypertensinogen (renin substrate)
in hypertension reported by one worker (9) who
used the guinea pig ileum as an assay method.

The normal concentration of hypertensinogen
in human hypertension may be explained by the
lack of liver damage in clinical hypertension and
by the absence of detectable amounts of renin
in both experimental and human hypertension
by current methods (10, 11) in all except those
of explosive onset. The only cases in our series
with definite increases in hypertensinogen were
2 elderly patients who were terminally ill with
hypertensive cardiovascular disease (cases 11 and
12). Since the hypertensinogen concentration
of dog plasma is increased after nephrectomy
(1, 8), it might be expected that in very marked
renal insufficiency the hypertensinogen concen-
tration would be elevated. We do not have
definite evidence that such is the case in human
beings. It is possible, however, that this might
be the explanation for the high hypertensinogen
concentration in cases 11 and 12.

It is of interest to consider the chemical nature
of hypertensinogen and to compare its concen-
tration in different diseases with the electro-
phoretic serum patterns for these diseases re-
ported in the literature. The hypertensinogen
of beef serum has been found to be a pseudo-
globulin, precipitated between 1.25 and 1.67
molar ammonium sulfate (12); by electrophoretic
measurements, the hypertensinogen of hog serum
was found (13) to be in the alpha-2 globulin
fraction (1.85 to 2.10 molar ammonium sulfate)
although traces of gamma globulin and albumin
were present. Electrophoretic studies of sera
from a small series of cases (14 to 16) indicate that
the alpha globulins are increased in infectious
diseases and especially in nephrosis; that the
beta globulins are increased markedly in multiple
myeloma and somewhat in nephrosis, and occa-
sionally in liver disease; and that the gamma
globulins are decreased in nephrosis, and in-
creased in infections and liver disease, especially
cirrhosis. The hypertensinogen cannot be cor-
related directly with any of these globulin frac-
tions since it increased in a few terminal cases of
uremia and cardiac failure and decreased in
severe cirrhosis. Two cases of nephrosis had
normal hypertensinogen concentrations (cases.20
and 36). Since each of the electrophoretic frac-
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tions of serum contains a large number of
physiologically different proteins, the lack of
correlation of hypertensinogen and electropho-
retic results is not too surprising.

SUMMARY

Measurements have been made of the hyper-
tensinogen concentration of the plasma of 10
patients with liver disease and 28 patients with
various other diseases. The hypertensinogen
concentration was found to be within normal
limits in all except 2 hypertensive patients with
terminal cardiac failure in whom it was increased
and in 6 cases of severe cirrhosis in whom it was
decreased. This gives further evidence that the
liver is the principal site of formation of the
globulin, hypertensinogen.
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