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Abstract
Because kidney tissue damage is associated with both hypertension and impaired nitric oxide (NO) production, we investi-
gated the possibility whether the kidney tissue contains any activator of endothelial NO synthase (eNOS) that could be impor-
tant in essential hypertension. An activator protein of Mr 43000 Da for eNOS from the goat kidney cortex homogenate was
purified to homogeneity by chromatographic techniques. This activator trivially, called ‘‘cortexin,’’ was determined by
enzyme-linked immunosorbent assay using anticortexin antibody. NO was determined by the formation of methemoglobin.
Injection of 0.5 nmol cortexin/kg body weight to rabbit pretreated with l-epinephrine that increased the systolic and diastolic
pressures to 195 � 3.40 mm Hg and 98.14 � 6.64 mm Hg, respectively, reduced and kept the elevated pressures at normal
ranges of 133.57 � 12.14 (systolic) and 51.03 � 3.21 (diastolic) for 45 hours with simultaneous increase of plasma NO level.
The inhibition of cortexin-induced NO synthesis nullified the antihypertensive effect of cortexin. The plasma cortexin level in
newly diagnosed persons with essential hypertension was 0 pmol/mL (median), which contrasted with 218.94 pmol cortexin/
mL (median), in normotensive persons (P < .0005; n ¼ 25). We concluded that the impaired production of cortexin in the
cortex of kidney might lead to essential hypertension. J Am Soc Hypertens 2009;3(2):119–132. � 2009 American Society of
Hypertension. All rights reserved.
Keywords: Endothelial cells; endothelial nitric oxide synthase; cAMP; cGMP.
Introduction

Hypertension, an abnormal elevation of blood pressure
(BP) in arteries or in veins, is one of the most important
and common public health problems. The condition is not
a single disorder, but represents a heterogeneous group of
diseases. The mechanism of development of hypertension
in 90% to 95% of cases, however, remains largely
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unknown.1 This lack of understanding on the etiology of
the disease is primarily due to the fact that between 92%
to 94% of the hypertensive persons in the general popula-
tion are reported to have a particular form of the condition
known as ‘‘essential,’’ ‘‘primary,’’ or ‘‘idiopathic’’ hyper-
tension, for which no definable cause has yet been found.1

Essential hypertension usually does not produce discernible
symptoms, and, as such, many people even do not know
that they have the disease. Furthermore, there is no diag-
nostic test for the condition.

Although hypertension is a well-known risk factor for
coronary artery disease,2 and the development of the throm-
botic condition is related to increased platelet aggregation,3

no etiologic relation has been yet found between hyperten-
sion and the increased platelet aggregation. Endothelial-
derived relaxing factor, believed to be nitric oxide (NO),
tension. All rights reserved.
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an endogenous vasodilator,4 has been reported to play a crit-
ically important role in the control of hypertension.5

Indeed, NO has been considered to have a global effect
in the control of high BP.5 On the other hand, the vasodi-
lator is known to be a potent inhibitor of platelet
aggregation.6

The chronic dysfunctional state of the kidney has been
reported to be associated with hypertension development.7

It has also been reported that parenchymal tissue damage
in the kidney leads to the systemic impairment of NO
synthesis.8 From these studies, we hypothesize that under
normotensive conditions, a kidney-derived factor is
involved in the synthesis of NO for the maintenance of
homeostasis. The impaired systemic availability of the
factor arose because of kidney tissue damage, which leads
to a hypertensive state from the systemic impairment of NO
production. Because this hypothetical kidney-derived factor
could be presumed to be involved in the maintenance of
normotensive condition through NO homeostasis, we
specifically searched for the presence of the factors in
various parts of the kidney. This factor should be capable
of stimulating NO synthesis through the activation of an
appropriate constitutive form of NO synthase in the endo-
thelial cells (eNOS) for the control of systemic
hypertension.

We herein describe the purification and mechanism of
action of a novel activator of eNOS isolated from the cortex
of goat kidney, which is trivially referred to hereafter as
cortexin (cortex protein), that was capable of reducing
hypertension through the synthesis of NO in endothelial
cells in animal model.

We also describe the possible role of this kidney-derived
protein in the control of essential hypertension in men.

Methods
Ethical Clearance
Protocols used in these studies were approved by the
Internal Review Board, Sinha Institute of Medical Science
and Technology, Calcutta, India. All volunteers signed
informed consent forms before they were asked to partici-
pate in the study. These studies also used New Zealand
white rabbits. Appropriate permissions from the Institu-
tional Review Board were also obtained.
Selection of the Subjects with Essential
Hypertension
These participants were employees from various execu-
tive branches of different commercial houses. They were
sent by their employers to the hospital for periodic
‘‘routine’’ health check-up. During the procedure, not
only the BP was determined, but also various clinical tests
were routinely carried out. These clinical tests included
hemoglobin and total count/differential count (TC/DC),
lipid profiles, blood glucose level (both fasting and post-
prandial), serum creatinine, urea, and Naþ and Kþ levels.
Only those patients who had these clinical data within the
normal limits9 and had elevated BPs were included in the
study (Table 1). These subjects did not take any medication
including aspirin at least for 3 weeks before giving blood.
The occurrence of hypertension was unknown to the
subjects before their presentation to the hospital. None
had received any antihypertensive medication before giving
blood.
Exclusion Criteria
All persons who were obese, cigarette smokers, or who
had the history of cardiovascular disease or life-threatening
infection were excluded.

Because chronic dysfunctional kidney damage is known
to be associated with hypertension,7 care was taken to
exclude all participants with abnormal blood urea or creat-
inine level. Furthermore, care was also taken to ensure that
none of the subjects had proteinuria. The urinary excretion
of proteins in all participants was <150 mg/day.
Selection of Normal Volunteers
The selected participants were age- and gender-matched
normal volunteers (n ¼ 25, M ¼ 14, F ¼ 11). They were
included in the study only after their clinical tests were
found to be normal,9 as described previously.
Chemicals
l-epinephrine (adrenaline), goat anti-rabbit immunoglob-
ulin G-alkaline phosphatase, phenyl methyl sulfonyl
fluoride, NG-nitro-L-arginine methyl ester hydrochloride
(L-NAME), Triton X-100, and dithiothreitol were obtained
from Sigma Chemical Co. Enzyme-linked immunosorbent
assay (ELISA) Maxisorb plates were from Nunc, Roskilde,
Denmark. All other chemicals were of analytical grade.
Determination of NO Synthesis in Endothelial
Cells by the Supernatant Fractions of Cortex and
Medulla Homogenates from Goat Kidney
To determine the presence of the activator in the kidney for
NO synthesis in endothelial cells, the organ was obtained
from freshly killed goat supplied by the local slaughterhouse
and was stored in ice-cold Krebs buffer pH 7.4. The organ
was next freed from all adhering fats and debris and cut in
half on its longitudinal axis. Both the cortex and medulla
were then removed, chopped (w5 mm slices), and separately
suspended (2 g/mL) in 10 mM Tris-HCl buffer, pH 7.4 con-
taining 1 mM Ethylenediaminetetra acetic acid (EDTA), 1
mM phenyl methyl sulfonyl fluoride (inhibitor of proteolytic



Table 1
Various clinical profiles of the patients with essential hypertensive and of normotensive volunteers

Subjects

Blood glucose (mg/dL) Total
cholesterol

(mg/dL)

HDL-C
(mg/dL)

LDL-
(mg/dL)

Serum
creatinine
(mg/dL)

Naþ
(mmol/L)

Kþ
(mmol/L)

BP (mm Hg)

Fasting PP SP DP

P 1 80 120 195 51 110 1.11 141 4.8 170 110
N 1 76 125 180 53 95 1.05 145 3.9 120 82
P 2 90 115 200 49 97 0.9 137.5 3.6 150 100
N 2 87 120 197 55 90 1.23 135 3.53 121 84
P 3 85 130 192 53 117 1.42 136 5.12 160 100
N 3 90 116 190 48 100 1.3 140 4.0 118 80
P 4 95 135 203 59 98 1.54 142 6.5 200 100
N 4 97 130 183 57 93 1.20 138 5.3 122 75
P 5 110 128 185 62 101 1.63 146 3.7 190 84
N 5 96 130 190 57 97 1.1 139 3.51 120 81
P 6 78 138 180 40 135 1.0 150 3.9 180 90
N 6 85 127 170 55 125 1.15 135.8 4.3 124 83
P 7 95 117 198 60 111 1.2 134 4.1 190 90
N 7 80 115 173 62 100 1.12 142 3.78 126 82
P 8 100 130 187 39 95 0.97 144 5.27 170 80
N 8 88 125 180 43 90 1.0 136 4.85 124 80
P 9 84 120 182 50 105 0.95 146 3.19 150 95
N 9 90 123 177 63 99 0.91 141 4.6 123 75
P 10 95 131 176 62 97 1.02 136 3.6 150 110
N 10 90 125 180 68 93 1.14 140 5.11 110 70
P 11 115 119 185 57 103 1.09 153 4.55 160 90
N 11 90 115 183 61 106 1.17 137 3.85 130 80
P 12 85 140 210 50 120 1.60 143 4.32 155 90
N 12 76 126 195 54 110 1.25 140 5.2 125 75
P 13 92 133 190 57 150 1.4 145 3.5 150 95
N 13 87 125 189 59 123 1.16 135.5 4.1 135 82
P 14 79 115 174 53 100 1.2 140.7 3.97 155 110
N 14 81 110 170 56 103 1.08 143 5.3 120 77
P 15 84 129 182 60 60 1.1 138 6.7 160 100
N 15 93 120 180 53 53 1.19 140.6 3.45 132 85
P 16 90 126 179 45 114 0.92 137.7 5.15 170 100
N 16 89 125 185 48 105 1.3 142.5 4.61 126 75
P 17 99 114 175 59 95 1.01 139 3.77 190 100
N 17 80 115 178 60 94 0.99 135.6 3.5 137 85
P 18 105 130 185 49 97 1.15 136 4.1 170 85
N 18 80 131 178 51 90 1.11 135.5 3.9 115 68
P 19 92 118 192 55 107 1.2 143 4.3 165 90
N 19 86 115 186 57 98 1.19 140 5.41 122 72
P 20 84 132 198 46 100 1.08 138 5.0 160 90
N 20 87 122 184 50 96 1.0 145 4.8 126 75
P 21 95 125 191 52 96 0.89 152 3.46 190 100
N 21 75 120 178 58 95 1.05 146.2 3.33 135 68
P 22 100 119 177 57 108 0.95 140.5 4.3 180 100
N 22 85 117 189 62 105 1.3 134 5.0 120 70
P 23 90 130 180 53 140 1.19 137 3.3 185 95
N 23 92 135 177 56 116 1.17 139.5 3.6 133 85
P 24 87 121 221 52 99 1.10 145 5.5 177 90
N 24 80 115 193 55 103 1.07 136 4.9 130 75
P 25 88 124 185 52 102 1.14 135 3.8 175 100
N 25 85 120 181 48 97 1.16 146 3.76 112 70

BP, blood pressure; DP, diastolic pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; N, normal; P, patient; SP,
systolic pressure.
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enzyme), 0.5 mM b mercaptoethanol, 0.05% Triton X-100,
and 0.3M sucrose at 0�C and were homogenized.10 The
homogenized mass was immediately centrifuged at 30,000
g for 60 minutes at 0�C.10

The supernatant fractions from both the medulla and
cortex homogenates were separately collected and dialyzed
overnight against 0.9% NaCl at 4�C. The dialyzed superna-
tants were used to determine the stimulation of NO synthesis
in endothelial cells. Typically, a portion of the supernatant
(0.1 mL) was added to the incubation mixture containing
the endothelial cells (2.0 mg/mL) suspension in 2.0 mL
Krebs buffer containing 2 mM Ca2þ, pH 7.4, and 2.0 mM
l-arginine. The synthesis of NO was determined as described
in the following section. Because the specific activity of the
stimulation of NO synthesis in the endothelial cell prepara-
tion by the supernatant from the cortex homogenate was
found to be three times more than that obtained by using
the homogenate of the medulla (see Results section), the puri-
fication of the activator was carried out using the supernatant
from the cortex homogenate only.
Purification of Cortexin
Typically, a portion of the supernatant from the cortex
homogenate (7.0 mL containing 16.47 mg protein) was
applied to a Diethylaminoethyl (DEAE)-cellulose column
(2.5 cm � 42 cm), which was previously equilibrated
with the same buffer system described previously, contain-
ing 0.5 mM (final) dithiothreitol. The column was step-
wisely eluted by adding NaCl to the buffer to increase
the molarity of NaCl by 0.1 M in each step (75 mL).

One-milliliter fractions were collected (flow rate ¼ 1 mL/
minute). The synthesis of NO in endothelial cell suspension
by each fraction was determined as described previously.

The fractions containing the highest amounts of the acti-
vator of eNOS (fraction no. 215 to fraction no. 226) were
pooled and concentrated to 5 mL.11 Further elution of the
column did not yield any other activator.

The concentrated fractions from DEAE column were
next applied to a Sephadex G-50 column (1 cm � 22 cm)
equilibrated with 0.1 M Sodium Phosphate buffer, pH
7.0, and eluted with the same buffer. The fractions (fraction
no. 42 to fraction no. 50) containing the highest activity
were collected, concentrated to 6.0 mL, and dialyzed
against 0.9% NaCl for 16 hours at 4�C. The dialyzed prep-
aration was kept at �70�C for further use.

Characterization of the Kidney Protein
Homogeneity and Subunit Composition of the
Purified Cortexin
The homogeneity and subunit composition of the prepara-
tion obtained after the Sephadex gel filtration were determined
by alkaline sodium dodecyl sulfate (SDS)-polyacrylamide
(10%) gel electrophoresis under reducing and nonreducing
conditions, respectively.12

In a different experiment, the protein band was excised
from the gel, eluted and re-eletrophoresed in a polyacryl-
amide gel (without SDS), and was stained by AgNO3.13

An unstained but similar gel was cut into slices (1 slice
¼ 1 mm). The protein from each of these slices was eluted
in Krebs buffer pH 7.4, and the activation of eNOS by the
eluted protein from each slice was determined.

In a preliminary experiment, the isolated and dialyzed
protein from the gel as described in Figure 1B, was also
tested for its purity by electrospray ionization mass spec-
trometry, as described elsewhere,14 using an Agilent Tech-
nology mass spectrometer (Agilent 1100 LC/MSD, Santa
Clara, CA) without tryptic digestion or liquid chromatog-
raphy for further purification.
Preparation of Particulate Fraction from
Endothelial Cells Homogenate
The endothelial cell suspension in Krebs buffer was
prepared and disrupted by repeated freezing and thawing
of the suspension in liquid N2. The disrupted mass was
centrifuged at 60,000 g for 30 minutes at 0�C. The partic-
ulate fraction which contained the cell membranes was
collected and used for the activation of eNOS in the pres-
ence of cortexin, as described in the next section.
Assay of eNOS Activity of the Particulate
Fraction from Endothelial Cells in the Presence
of Cortexin
The particulate preparation (1.0 mg/mL) was incubated
with 0.86 nM cortexin in the presence of l-arginine, as
described previously, and the synthesis of NO was deter-
mined. Lineweaver Burk plot was constructed to determine
the maximum velocity (Vmax) and Michaelis constant (Km)
of the eNOS in the presence and absence of cortexin.
Measurement of BP in Animal Model
These experiments were performed in normal adult
rabbits of either gender (New Zealand white rabbits).
Before the animals were used in the study, a licensed veter-
inarian checked that the animals were free of diseases. BPs
were recorded by using a mercury sphygmomanometer.15

Unless otherwise stated, l-epinephrine was injected (136
nmol/kg body weight) in the ear vein of the animal to
increase the BPs, and at different time intervals the BPs
were recorded.
Assay of NO
NO was determined by continuous recording of the spec-
tral changes for the conversion of oxyhemoglobin to



Figure 1. (A) SDS polyacrylamide gel electrophoresis of the
purified cortexin under reducing and nonreducing conditions.
The purified cortexin (50 mg) was subjected to SDS-polyacryl-
amide gel electrophoresis under reducing and nonreducing
conditions. The protein was reduced by boiling the sample
with 0.1 M dithiothreitol at 100�C for 3 minutes. The protein
bands were stained by using Coomassie Brilliant blue. Lane
1, reduced protein; Lane 2, nonreduced protein; Lane 3, marker
proteins of different molecular weights as shown. (B) Electro-
phoretic homogeneity and the activation of eNOS of the
protein eluted from the polyacrylamide gel. The purified cor-
texin (50 mg) was subjected to electrophoresis in SDS-poly-
acrylamide gel as described. The cortexin band (43 kDa) was
excised from the gel and reelectrophoresed in polyacrylamide
gel (without SDS). The protein was stained using AgNO3. In
a parallel experiment the gel was not stained for protein, but
the entire gel was sliced and the proteins were eluted in Krebs
buffer, pH 7.4, and the activation of eNOS by the eluates was
determined. Figures shown are typical representative of at least
three experiments (both A and B). eNOS, endothelial NO syn-
thase; NO, nitric oxide; SDS, sodium dodecyl sulfate.

123S. Chakraborty et al. / Journal of the American Society of Hypertension 3(2) (2009) 119–132
methemoglobin, as described previously,16,17 and indepen-
dently verified by chemiluminescence method.18
Development of Polyclonal Antibody against
Cortexin in Rabbit
Polyclonal antibodies against cortexin were raised in
white New Zealand rabbit by repeated immunizations by
using the purified cortexin as the immunogen.19
Use of Polyclonal Antibody against Cortexin to
Neutralize Cortexin In Vivo
Before using the anticortexin antibody to neutralize the
antihypertensive protein in vivo in the animal model, the
neutralization of the protein by its antibody was carried
out in vitro by titrating the inhibition of the cortexin-
induced NO production by the antibody in endothelial cells.
Development of ELISA for Cortexin
ELISA was performed by the method described20 by
using the polyclonal antibody raised against the purified
cortexin.
Immunoblot of Cortexin
The presence of cortexin in the crude supernatant of the
goat cortex homogenate and in human blood samples was
identified by immunoblot technique.21 Typically, samples
were subjected to SDS-polyacrylamide gel electrophoresis12

and stained with Coomassie Brilliant blue. The separated
protein bands were next transferred electrophoretically to
a nitrocellulose membrane. Cortexin was identified by using
anticortexin antibody as described elsewhere.20
Immunohistochemical Localization of Cortexin
in Mice Kidney
To demonstrate that cortexin was indeed present in the
kidney cortex, the cortex from mice kidney was sliced
into 6- to 8-mm sections in a cryostat. These sections
were then incubated with anti-rabbit polyclonal antibody
against cortexin (1:100 dilutions) and identified by using
anti-rabbit immunoglobulin G-alkaline phosphatase as
described elsewhere.22
Synthesis of Cortexin in Cortex Cell Suspension
by In Vitro Translation
The goat cortex was homogenized and cortex cell
suspension was prepared as described previously.10 After
different periods of incubation with different agents,
nucleic acids were isolated by the Trizol method.23 The
mRNA was translated as described elsewhere.24 The
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synthesis of cortexin in the incubation mixture was quanti-
tated by ELISA.
Determination of Cellular Cyclic AMP and
Cyclic GMP Levels in Endothelial Cells
While the cellular cyclic AMP (cAMP) level was deter-
mined by protein kinase binding method,25 the cyclic GMP
(cGMP) level was measured by radioimmunoassay as
described elsewhere.26
Preparation of Goat Carotid Artery and the
Cortexin-induced NO Synthesis in Endothelial
Layer
To determine the effect of cortexin-induced NO synthesis
in the endothelial layer, a length of the carotid artery (w10
cm) was obtained, and one of the open ends was tied by
using cotton twine. Different amounts of cortexin in Ty-
rode’s buffer, pH 7.4, were placed inside the arterial tube
and incubated for different periods of time at 37�C, and
NO formation was determined. The cell numbers were
determined by optical microscopy.
Preparation of Arterial Endothelial Cell
Suspension
The endothelial layer of the carotid artery was carefully
removed from the lumen by using a soft nylon bottle brush
with appropriate caliber and was dispersed in Tyrode’s
buffer, pH 7.4, and centrifuged at 4�C for 10 minutes at
500 g. Before use, the endothelial cells were washed 2
more times and suspended in the same buffer (106 cells/
mL).
Determination of Plasma Cortexin Levels in
Patients with Essential Hypertension and in
Normotensive Subjects
Blood samples were collected by venipuncture from the
hypertensive patients and from the normal volunteers. The
cell-free plasma was prepared as described elsewhere.11

The cell-free plasma was used for the assay of cortexin
by ELISA as described here using anti-rabbit cortexin
Table 2
Summary of the purification steps of cortexin

Step
Total
protein (mg)

Crude supernatant Cortex homogenate 705.9
DEAE-cellulose chromatography 1.360
Sephadex G-50 filtration 0.147
antibody by following a double-blind protocol to minimize
bias.
Statistical Analyses
The results obtained are expressed in mean � standard
deviation (SD), and the significance (P) of the results was
determined by Student t test. P value <.0005 was consid-
ered to be significant. The correlation between the plasma
cortexin level and BPs was determined by the coefficient
of correlation (r).

Results
Purification of Cortexin from Goat
Kidney Cortex
Preliminary experiments were carried out to determine
whether any activator for NO synthesis in endothelial cells
was present in different parts of the goat kidney. For this
purpose, the endothelial cells in Krebs buffer, pH 7.4,
were incubated either with the supernatant from the homog-
enate from kidney medulla or with the supernatant from the
homogenate of cortex at 37�C as described in the Methods
section. The amounts of NO formed in endothelial cells
treated with the supernatant from the cortex homogenate
was found to be w3 times (0.0518 nmol NO formed/mg
protein/hour) more than that produced by the supernatant
from the medulla homogenate (0.0173 nmol NO formed/
mg protein/hour). Because the supernatant fraction of the
cortex was found to contain more activator than that of
the medulla, only the supernatant of the cortex homogenate
was used for the purification of the activator (ie, cortexin)
as described in detail in the Methods section. The final
product was found to be more than 7900-fold purified
when compared with the starting crude supernatant ob-
tained from the cortex homogenate (Table 2).
Homogeneity and Subunit Composition
of the Isolated Cortexin
SDS-polyacrylamide gel electrophoresis of the isolated
factor under either reducing or nonreducing conditions
indicated that Mr of the protein was 43 kDa and was
Specific activity
(nmol (nitric oxide)
produced hour/mg protein/hour) Fold purification

0.0518
166.76 3219
412.66 7966
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a single-chain polypeptide (Figure 1A; Lanes 1, 2). The
protein band from the SDS-polyacrylamide gel was next
eluted and reelectrophoresed on a polyacrylamide gel
(without SDS) and cut into slices, and the activation of
eNOS by the eluate from each slice was determined. The
cortexin activity in the gel corresponded exactly to the
protein band stained by AgNO3; no other eluates from
the slices in the entire gel showed any stimulation of
eNOS (Figure 1B). For further verification of the purity
of the isolated preparation, the protein isolated from the
gel (Figure 1B) was subjected to electrospray ionization
mass spectrometry. It was found that the mass/charge ratio
of the spectrum of the peaks of the analyte when averaged
by computer produced a single-peak profile, indicating the
preparation was essentially contaminant free.
Figure 2. Dose-response curve for the synthesis of NO in
endothelial cells in the presence of different concentration of
cortexin. The endothelial cell suspension in Krebs buffer was
prepared from the goat carotid artery as described in the
Kinetics of Cortexin-induced NO Production in
the Endothelial Cell Suspension and in the
Arterial Endothelial Layer
Methods section. The suspension was incubated with different
concentrations of cortexin as indicated for 30 minutes at 37�C.
The production of NO was determined by the conversion of
oxyhemoglobin to methemoglobin as described. The results
are mean � SD of 6 different experiments using 6 different
carotid arteries. eNOS, endothelial NO synthase; NO, nitric
oxide; SD, standard deviation.
The dose-response curve of the cortexin-induced NO
production in the endothelial cell suspension in Krebs
buffer, pH 7.4, showed that the addition of increased
concentrations of the activator (from 0.46 nM to 0.86
nM) to the incubation mixture resulted in increased produc-
tion of NO in these cells, and, at 0.86 nM cortexin, the
synthesis of NO was maximally achieved. Further increase
of cortexin (1.3 nM) in the incubation mixture, however,
resulted in decreased synthesis of NO by almost 75%
(Figure 2). The time course of the stimulation of
cortexin-induced NO production in endothelial cells
showed that the rate of eNOS was found to increase contin-
uously for 30 minutes at 37�C. After 30 minutes of incuba-
tion, the rate of cortexin-induced NO synthesis was found
to decrease gradually; after 90 minutes of incubation, the
rate was found to decrease nearly to the basal level,
however (Figure 3). The mechanism involved in the
decreased synthesis of NO at concentrations of cortexin
>0.86 nM in the reaction mixture or because of the
increase of the incubation time >30 minutes is not known.

The exposure of endothelial layer in the artery to cor-
texin, as in the case of the endothelial cells suspension in
Krebs buffer, pH 7.4, was also found to stimulate NO
production. The treatment of the endothelial layers with
0.86 nM cortexin in the artery increased the rate of NO
production from the basal 3.32 � 0.124 nmol NO/square
centimeter of endothelial layer/hour to 11.79 � 0.557
nmol NO/square centimeter of the layer/hour after 30
minutes of incubation at 37�C (P < .0005; n ¼ 10). The
continued incubation of the identical reaction mixture for
60 minutes at 37�C decreased the rate of NO production
to 4.16 � 0.110 nmol/cm2/hour in the presence of cortexin
(P < .0005; n ¼ 10). These results demonstrated that expo-
sure of cortexin either to the isolated endothelial cells
preparation or to the endothelial layer in the artery resulted
in similar time course of NO production.
Effect of Cortexin on the cGMP and cAMP
Levels in Endothelial Cells
It has been reported before by many investigators that the
biologic effects of NO are mediated through the increase of
cellular levels of cGMP or cAMP.27

Experiments were carried out to determine whether the
increased synthesis of NO induced by cortexin in endothe-
lial cells was mediated through one of the cyclic nucleo-
tides or through both the nucleotides. To study these
effects, the endothelial cell preparation was incubated
with 0.86 nM cortexin for 30 minutes for the maximal
increase of NO level. When the cellular levels of these
nucleotides were determined, it was found that the treat-
ment of endothelial cells with cortexin resulted in the
significant increase of the cellular levels of both cAMP
and cGMP. It was noted that in the presence of 0.86 nM
of cortexin in the reaction mixture the cellular cAMP
level increased from the basal 1.67 � 0.0189 pmol/108 cells
to 2.72 � 0.014 pmol/108 cells (n ¼ 10; P < .0005), with
simultaneous increase of cGMP level from the basal 1.12 �
0.0167 pmol/109cells to 2.48 � 0.02 pmol/109 cells



Figure 3. Time course of cortexin induced NO production in
endothelial cells. The endothelial cell suspension in Krebs
buffer was incubated with 0.86 nM cortexin as described in
the Methods section at 37�C. At different times, a portion of
the incubation mixture was taken out and the production of
NO was determined as described. Results are mean � SD of
6 different experiments using endothelial cells from 6 different
carotid arteries. NO, nitric oxide; SD, standard deviation.
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(n ¼ 10; P < .0005). These results suggested that the cor-
texin-induced vasodilatory effect (see Effect of Cortexin on
the Elevated BP Induced by l-epinephrine in the Animal
Model section) was associated with almost equal increase
of both cAMP and cGMP level (approximately two-fold
over basal), in endothelial cells.
Activation of Endothelial Cells’ eNOS
by Cortexin
Figure 4. Effect of cortexin with or without L-NAME on the
reduction of l-epinephrine–induced elevated BPs in rabbit.
Injection of l-epinephrine (136 nmol/kg body weight) was in-
jected in the ear vein of rabbit to increase both systolic and dia-
stolic pressures as described in the Methods section. Thirty
minutes after the injection of either cortexin (0.5 nmol/kg
body weight) alone or cortexin and L-NAME (10 mM)
together into the animal. Both systolic (continuous line
[______]) and diastolic (discontinuous line [-----]), pressures
at different time as indicated were determined. Hollow trian-
gles (D), administration of l-epinephrine alone; solid triangles
(:), administration of cortexin alone to the rabbit treated with
l-epinephrine; solid square (-), the administration of both
cortexin and L-NAME together to the catecholamine treated
animal; solid circle (C), untreated animals as controls. BP,
blood pressure; L-NAME, NG-nitro-L-arginine methyl ester
hydrochloride.
A Lineweaver-Burk plot of eNOS’ enzymatic activity of
the endothelial cells’ particulate fraction showed the Km for
l-arginine in the presence of 0.86 nM cortexin was 1.33
mM, and the Vmax was 0.540 nmol NO formed/mg
protein/hour. The treatment of the same endothelial partic-
ulate fraction with l-arginine in the absence of cortexin
produced little or no NO in the reaction mixture that could
be determined accurately. The enzymic activity was
completely inhibited by adding 10 mM L-NAME28 to the
reaction mixture. Unlike the particulate fraction, the super-
natant fraction of the disrupted endothelial cells showed
little enzymic activity in the presence of the added cortexin
in the reaction mixture. These results suggested that cor-
texin was an activator of eNOS present in particulate frac-
tion of the endothelial cells, and the enzyme was probably
a membrane-bound constitutive form of NO synthase that
by itself had little basal activity. For the activation of
eNOS, cortexin was essential in the incubation system.
Effect of Cortexin on the Elevated BP Induced by
l-epinephrine in the Animal Model
The injection of 136 nmol l-epinephrine/kg body weight
in 0.9% NaCl into the ear vein of rabbit resulted in the
increase of the basal systolic pressure from 138 � 6.29
mm Hg to 195 � 3.40 mm Hg after 60 minutes of the
administration of the catecholamine. The elevated BP
achieved through the use of l-epinephrine was found to
persist at least up to 45 hours in the test animals (Figure 4).
The injection of the same volume of 0.9% NaCl (vehicle) to
the animal produced little or no increase of the pressure
compared with control. The injection of cortexin (0.5
nmol/kg body weight) after 60 minutes of injection of the
catecholamine to the animal resulted in the reduction of
the elevated systolic pressure to 133.57 � 12.14 mm Hg
within 30 minutes of injection of cortexin (Figure 4).
Before the injection of l-epinephrine, the diastolic pressure,
which was 59.5 � 5.24 mm Hg, increased to 98.14 � 6.64
mm Hg after the administration of the compound within 60
minutes. Administration of 0.5 nmol cortexin/kg body
weight reduced the diastolic pressure to 51.03 � 3.21
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mm Hg at the same time (Figure 4). The reduced BPs were
found to be maintained at least for the next 45 hours after
the bolus of cortexin injection in these animals.
The Effect of Cortexin on the Rate of Heart Beat
of the Test Animal
The injection of cortexin was not found to influence heart
rate. The heart beat of the normal animal, which was deter-
mined to be 328 beats/minute after the injection of cortexin,
remained in the normal range (320 to 330 beats/minute).
The Effect of Administration of Cortexin on
Plasma NO Level in the Test Animal
Figure 5. Effect of injection of l-epinephrine and cortexin to
rabbit on the plasma NO level in the presence and absence
of L-NAME at different time. l-epinephrine was injected in
rabbits to increase arterial pressure as described in Figure 3.
Cortexin (0.5 nmol/kg body weight) was also injected simulta-
neously in the presence of 10 nM L-NAME. At the indicated
time, blood samples were withdrawn and the plasma level of
The injection of cortexin to the rabbit, which led to the
decrease of both systolic and diastolic pressures in the
animal as described previously, was found to be associated
with increased plasma NO level (Figure 5). The injection of
L-NAME to the animal with the elevated BP before the
injection of cortexin, not only inhibited the elevation of
plasma NO level, but the antihypertensive protein also
failed to reduce the elevated BPs in these animals.
NO was determined as described. Hollow triangles (D),
l-epinephrine; solid circles (C), basal; solid triangles (:),
l-epinephrine þ cortexin; solid squares (-), l-epinephrine þ
cortexin þ L-NAME. Results shown are mean � SD of 6
Effect of Sodium Nitroprusside on the
Catecholamine-induced Increase of BP in Rabbit
different experiments using 6 different animals. L-NAME,
NG-nitro-L-arginine methyl ester hydrochloride; NO, nitric
oxide; SD, standard deviation.
To determine whether the reduction of the elevated BPs
was indeed mediated through the increase of the plasma
NO level, sodium nitroprusside was injected (1.0 mg in
0.9% NaCl/kg body weight) in the animals instead of cor-
texin. Sodium nitroprusside, a well-known antihypertensive
drug, is known to mediate its effect through in situ genera-
tion of NO.29 It was found that although the elevated
systolic BP (196.5 � 5.40 mm Hg) decreased to 154.6 �
8.2 mm Hg, the elevated diastolic BP (99.12 � 5.2 mm
Hg) decreased to 52.9 � 2.2 mm Hg after 60 minutes of
the injection of sodium nitroprusside. The antihypertensive
effect of the compound at this amount was found to be
more transient in nature than that of cortexin, however.
Only 2 hours after the injection of sodium nitroprusside,
both the systolic and diastolic pressures rebounded to
200.5 � 3.4 and 98.6 � 4.6 mm Hg, respectively. In
contrast, the cortexin-induced reduction of both BPs, as
described previously, was found to remain controlled for
at least 45 hours.
Role of NO in the Synthesis of Cortexin
The injection of 136 nmol l-epinephrine/kg body weight,
which was found to increase the BP level, also resulted in
the decrease of plasma NO level. Before the injection of
the catecholamine to the rabbits, the basal plasma NO level,
which was 422 � 5.25 pmol/mL, decreased to 210 � 7.72
pmol/mL 60 minutes after the injection. Furthermore, it
was found that the administration of l-epinephrine also re-
sulted in the unexpected reduction of plasma cortexin level
from 207.85 � 1.74 pmol/mL in the untreated rabbits to
0 pmol/mL of plasma (P < .0005) 60 minutes after the
injection of l-epinephrine to the animals.

The decreased plasma cortexin level by the administra-
tion of l-epinephrine, however, was probably not related
to the activation of adrenergic receptors, but could be
related to the inhibition of systemic NO synthesis. It was
found that the injection of L-NAME in rabbit, which re-
sulted in the reduction of plasma NO level (Figure 5),
was also found to affect the reduction of the plasma cor-
texin to 0 pmol/mL after 60 minutes of injection of the
inhibitor. Furthermore, it was also found that the increased
plasma cortexin level was not merely from the release of
preformed cortexin from the cortex in the circulation.
When the cortex cell suspension was treated with NO,
and the synthesis of cortexin was determined by the in vitro
translation of the isolated messenger ribonucleic acid
(mRNA), it was found that the addition of 2 mM NO solu-
tion in 0.9% NaCl to the crude cortex cell suspension re-
sulted in the increased synthesis of cortexin from the
basal 36.35 � 1.70 pmol/mg cells to 50.52 � 1.48 pmol/mg
cells in 60 minutes. Addition of L-NAME to the incubation
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mixture completely inhibited the syntheses of both NO and
cortexin in these cells.
The Effect of Polyclonal Anticortexin Antibody in
the Elevation of BP in the Test Animal
To determine the effect of cortexin in the maintenance of
systemic BP, the antihypertensive protein present in the
system was neutralized by the injection of polyclonal anti-
body in the untreated (normal) animal. The injection of the
anticortexin antiserum was found to be sufficient in quan-
tity to neutralize the systemic cortexin resulted in the
decrease of the plasma NO level from 420 � 5.54 pmol/
mL to 220 � 7.07 pmol/mL 60 minutes after the injection.
And, as a result of the injection of the antibody, both the
systolic and the diastolic pressures were found to increase
in the test animals. The basal systolic and diastolic BPs
in the control animals, which were 148.33 � 6.05 mm
Hg and 53.33 � 3.77 mm Hg, respectively, before the
administration of the antibody, were found to increase to
181 � 3.4 mm Hg (systolic) and 85.83 � 3.4 mm Hg (dia-
stolic) within 60 minutes after the injection of the antibody.
Immunohistochemical Identification of Cortexin
in the Mice Kidney
The immunohistochemical studies of the slices from
mice kidney cortex demonstrated that cortexin was present
in the glomeruli tafts (Figure 6A). No such histochemical
presence of cortexin in the glomeruli tafts could be demon-
strated in the cortex slices not treated with the anticortexin
antibody (Figure 6B).
Immunoblot Analysis Cortexin in the Supernatant
of Goat Kidney Cortex Homogenate and in
Plasma Samples from Normal Volunteers and
from Patients with Essential Hypertension
The presence of cortexin in the supernatant from the goat
kidney homogenate and in the plasma samples from both
Figure 6. Immunohistochemical localiza-
tion of cortexin in the glomeruli taft of
mice kidney. (A) Immunochemical stain
of the glomeruli tafts in the cortex of
mice kidney in cortex slices using anti–
immunoglobulin G-alkaline phosphatase
in the p-nitrophenyl phosphate (�100
magnification). (B) Absence of immuno-
chemical staining of glomeruli tafts when
the anticortexin antibody was omitted in
the incubation mixture under otherwise
identical conditions.
normotensive and essential hypertensive subjects was deter-
mined by immunoblot technique, as described in the
Methods section. It was found that although both the kidney
cortex supernatant and the plasma samples from normoten-
sive volunteers showed the presence of cortexin, the
amounts of cortexin present in the plasma samples of
patients with essential hypertension was very low compared
with that in normotensive volunteers (Figure 7). No other
protein bands in the gel were found to be immunopositive
to the anticortexin antibody.
Plasma Cortexin Levels in Normotensive and
in Essential Hypertensive Subjects
These results taken together suggested that the presence
of cortexin in the circulation could be of importance in the
control of elevated BP level. To determine whether the
plasma level of the antihypertensive protein could be
related to the development of essential hypertension in
men, the plasma cortexin level in normotensive and essen-
tial hypertensive subjects was determined (Table 3). At
presentation, all participants (both hypertensive and normo-
tensive volunteers) had normal hemoglobin level and
normal total and differential leukocytes counts, and various
other clinical profiles of these persons were within normal
limits (Table 1), except in the cases of hypertensive patients
where both the systolic and diastolic pressures were signif-
icantly higher than those in normotensive volunteers
(Table 3). It was also found that the plasma cortexin level
in patients with essential hypertensive was significantly
lower (P < .0005) compared with that in normotensive
counterparts (Table 3). The cortexin level ranges from
0 pmol/mL to 10.1 pmol/mL (median 0 pmol/mL,
n ¼ 25). Almost 70% of the subjects with newly diagnosed
essential hypertension showed no detectable amount of cor-
texin (as could be determined by ELISA) in their plasma. In
contrast, the plasma cortexin level in normotensive subjects
ranges from 200.85 pmol/mL to 252.91 pmol/mL (median
218.94 pmol/mL; n ¼ 25).



Figure 7. Immunoblot analysis of cor-
texin in the supernatant from the goat
kidney homogenate in the plasma
samples from normotensive persons and
from the subjects with established essen-
tial hypertension. The details of the
immunoblot technique using polyclonal
antibody against pure cortexin from
goat kidney have been described in the
Methods section. Samples were first sub-
jected to the SDS-polyacrylamide gel
electrophoresis, and the proteins were
identified by Coomassie Brilliant blue
stain and subsequently were transferred

electrophoretically to nitrocellulose membrane and immunoblotted using the anticortexin antibody. Lanes A, B, C, D, and I represent
the stained protein bands after SDS-polyacrylamide gel electrophoresis. Lane E, F, G, and H represent immunoblot of the protein bands
in the gel. Lane A, crude supernatant from cortex homogenate; Lane B, plasma from subjects with essential hypertension; Lane C, normal
plasma; Lane D, purified cortexin; Lane E, immunoblot of the crude supernatant from the cortex homogenate; Lane F, immunoblot of the
plasma from patients with essential hypertension; Lane G, immunoblot of normal plasma; Lane H, immunoblot of the purified cortexin;
Lane I, bands of marker proteins with different molecular weight. SDS, sodium dodecyl sulfate.
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The correlation between the plasma cortexin level and
the BPs (both systolic and diastolic) was determined by
the coefficient of correlation. The r value between the
systolic pressure and the plasma cortexin level of the
normal volunteers was found to be �0.029 and that
between the diastolic pressure and the plasma cortexin level
of the same was �0.173. The r value between the systolic
pressure and plasma cortexin level of the hypertensive
subjects was determined to be �0.478 and that between
diastolic pressure and the plasma cortexin level of these
patients was found to be �0.212. In both cases, the values
were negative and were within the acceptable range (�1 �
r � þ1). These negative correlation coefficients between
both the systolic and diastolic pressures and plasma cor-
texin level indicated an inverse correlation between the
plasma levels of the antihypertensive protein, both in the
case of systolic BP and in diastolic BP in normotensive
as well as in hypertensive subjects.
Discussion

These results demonstrated that an activator of endothelial
NOS was present in the cortex of goat kidney, and in the
absence of this activator, the eNOS by itself showed very
little enzymic activity for the production of NO. This protein
activator was found to reduce the l-epinephrine–
induced elevated BPs (both systolic and diastolic) in rabbits.

Although this activator (cortexin), a protein of Mr 43
kDa, was isolated from the cortex portion of goat kidney,
the immunologic cross reactivity of the antibody raised
against the purified protein indicated that cortexin was
also present not only in rabbit, mice, and men as described
here, but tissue samples from guinea pig, cow, and cat were
also found to show cross reactivity against the cortexin anti-
body (data not shown). These results might suggest that
cortexin or cortexin-like molecule from kidney could be
of wide occurrence in the animal kingdom for the control
of elevated BP, and the occurrence of cortexin was not
a goat kidney cortex–specific phenomenon.

In the case of rabbit, where the systolic and diastolic
pressure were found to be 154.25 � 4.02 mm Hg and
59.62 � 6.94 mm Hg, respectively, under ‘‘normal’’ condi-
tions, the injection of 136 nmol l-epinephrine/kg body
weight increased both systolic and diastolic pressures
within 30 minutes after administration of the catecholamine
(Figure 4). The increased BPs were found however to
continue to increase maximally to 208 � 15.62 mm Hg
(systolic) and 98.14 � 6.64 mm Hg (diastolic) up to 3
hours (n ¼ 8). The elevated pressures remained roughly
stationary at least for the next 45 hours. The injection of
0.5 nmol of cortexin/kg body weight decreased the systolic
and diastolic pressures to 133.57 � 12.14 mm Hg
(P < .0005) and 51 � 3.21 mm Hg (P < .0005), respec-
tively, within 30 minutes after the injection and was found
to maintain the pressure at this ‘‘normal’’ level at least for
the next 45 hours compared with the untreated controls
(Figure 4). The decrease of both diastolic and systolic pres-
sures induced by the injection of cortexin was apparently
mediated through the increase of NO level in the circulation
because of the activation of endothelial eNOS. The injec-
tion of L-NAME, an inhibitor of NO synthesis,27 which
impaired the cortexin-induced increase of NO in the
system, simultaneously negated the antihypertensive effect
of the activator, indicating that the reduction of l-epineph-
rine–induced high BP by cortexin in rabbit was mediated
through the systemic production of NO (Figure 5), which
has been reported to be a global vasodilator.4 The vasodila-
tory effect of cortexin through NO synthesis in turn was
found to mediate its antihypertensive effect via the forma-
tion of both cAMP and cGMP in the endothelial cells. Our
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results indicated that, while the addition of 0.86 nM cor-
texin to the endothelial cell suspension increased the
cellular cGMP level three-fold over the basal level, a similar
amount of the activator also increased cAMP level by 2.8-
fold over the basal in these cells under identical conditions.
Because the increased cellular level of either cAMP, or
cGMP, has been reported to result in vasodilation,30 the cor-
texin-induced antihypertensive effect was apparently
related to the increase of both the cyclic nucleotides to
nearly equal extent in endothelial cells.

It was further found that the administration of polyclonal
antibody raised against cortexin in normal rabbit, which
neutralized cortexin in the system, resulted in the increase
of both systolic and diastolic pressures in the animal with
simultaneous reduction of the plasma NO level. It was found
that not only the administration of cortexin ‘‘normalized’’ the
elevated BP in rabbit, but it was also found that the injection
of the catecholamine resulted in the reduction of plasma NO
level; and the treatment also led to the severe reduction of
plasma cortexin level.

Although the mechanism of l-epinephrine–induced
inhibition of systemic NO production is not known, the
inhibition of cortexin synthesis that was associated with
the inhibition of NO production was not an isolated
phenomenon. Systemic inhibition of NO production by
L-NAME also resulted in the reduction of plasma cor-
texin level (0 pmol/mL). Conversely, in vitro translation
of cortexin synthesis in the cortex cell suspension indi-
cated that NO itself was able to stimulate the synthesis
of cortexin in these cells. In this context, it could be sug-
gested that even the antihypertensive effect of sodium ni-
troprusside, a NO-generating agent in situ,29 might also
be mediated through NO-induced cortexin synthesis.
Furthermore the addition of L-NAME, an inhibitor of
NO synthesis, to the reaction mixture for in vitro transla-
tion of cortexin resulted in the complete inhibition of the
synthesis of both NO and the hypotensive protein in the
endothelial cells. The stimulation of cortexin synthesis
by NO, which in turn stimulated cortexin synthesis, pre-
sented a ‘‘positive’’ feedback stimulation of both NO
and cortexin. This behavior of NO as a positive feedback
activator has been reported before.31

The dose-response increase of NO synthesis induced by
cortexin in endothelial cells as well as time course of the
cortexin-induced NO synthesis in endothelial cells indi-
cated (Figures 2 and 3, respectively), together with the
fact that eNOS by itself has little enzymic activity, indi-
cated that at least 3 different mechanisms were involved
in the prevention of uncontrolled synthesis of NO catalyzed
by eNOS itself and by the cortexin-activated eNOS in the
endothelial layer to forestall the development of hypoten-
sion from overproduction of NO in the system. Although
the exact mechanism for the regulation of the activated
eNOS by cortexin is not known, these results suggested
that the desensitization of the cortexin receptor binding
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sites at higher concentrations of the activator could be
involved (Figure 2). On the other hand, exhaustion of l-argi-
nine for the enzymic reaction in the time-dependent inhibi-
tion of NO synthesis (Figure 3) is also a possibility.
However, other mechanisms, including the destruction of
cortexin on the endothelial surface, could not be excluded.

The mechanism of activation of eNOS by cortexin is not
known. However, our preliminary results indicated that the
activation of eNOS by cortexin was mediated through the
activation of tyrosine kinase in the endothelial membrane
(unpublished). However, it was also found that the NO-
induced vasodilation from activation of eNOS by cortexin
was also mediated through the activation of protein kinases
in the endothelial cells (unpublished). To differentiate the
role of these protein kinases in these 2 different but related
events, it became apparent to us that it was necessary to
purify the eNOS from endothelial cells. The purification
of eNOS is in progress.

As discussed previously, no definable cause for the
essential (idiopathic) hypertension is yet known. However,
hypertension is itself a group of heterogeneous diseases
and, as such, variety of causes including renin dependence,
salt sensitiveness, cell membrane defect, insulin resistance,
and many other factors have been reported to be involved in
the development of essential hypertension in men.1

Furthermore, it was also suggested that because the
kidney is a rich source of renin-angiotensin and cortexin,
also a kidney-derived protein, it was possible that cortexin
could be a component of the renal renin-angiotensin system
(RAS). However the role of cortexin in the system may be
more complex than thought. Oral administration of capto-
pril, a well-known angiotensin-converting enzyme inhib-
itor, to rabbit resulted in the reduction of normal plasma
cortexin level from 229.21 � 5.6 pmol/mL to 160.6 �
2.5 pmol/mL (n ¼ 10; P < .0005) in 2 hours. These data,
however, did not clarify the role of cortexin in the RAS
in the kidney as a whole.

Although whether the impaired production of cortexin
had an indispensable role in the development of essential
hypertension is not known, our results nevertheless sug-
gested that this kidney-derived protein might be one of
the factors that could be involved in the genesis of this
condition in men. It was noted that the plasma cortexin
level in >98% of the newly diagnosed patients with essen-
tial hypertension, who had otherwise ‘‘normal’’ clinical
profiles compared with normotensive volunteers (Table 1),
was reduced below the detectable level as determined by
the ELISA technique (Table 3).

As reported, the coefficient of correlation (r) between the
plasma cortexin level and BPs was within the acceptable
ranges of �1 � r � þ1. The coefficient of correlation r
was always found to be negative irrespective of systolic
or diastolic pressure in normotensive or in hypertensive
persons. The negative r values indicated that there was
a negative correlation between these variables (ie, the
variables changed in opposite direction implying the
increase of either systolic or diastolic pressure was
inversely related to the plasma cortexin levels in both
hypertensive and normotensive persons).

Conclusion

Although it was not possible for us to determine the
effect of cortexin in patients with established essential
hypertension, our results suggest that the systemic defi-
ciency of the cortex-derived factor could result in the devel-
opment of essential hypertension in men, at least indirectly.
The immunoblot analysis demonstrated that cortexin was
present not only in the supernatant from the crude cortex
homogenate from the goat kidney, but also in the men’s
circulation (Figure 7). The in vitro translation of cortexin
synthesis in kidney cortex cells and the immunochemical
analysis strongly suggested that this activator protein was
synthesized in the cortex of kidney (Figures 6A and 6B),
and, subsequently, the antihypertensive protein appeared
in the circulation for the maintenance of normotensive
homeostasis. As such, the activator protein satisfied the
definition of a hormone,32 which was involved in the main-
tenance of normotensive conditions.
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