
827

Hypertens Res
Vol.28 (2005) No.10
p.827-836

Original Article

Medullopressin: A New Pressor Activity 
from the Renal Medulla

Bernhard GLODNY*,*** and Guido F. PAULI**,***

The kidney contains blood pressure-lowering substances, such as prostaglandin E2 or prostaglandin A2, and

blood pressure-raising substances such as thromboxane A2. Most of the postulated substances, however,

have not yet been isolated in a pure state and are of unknown structure. In the present study, we separated

a chloroform extract from the medulla of pig kidneys using various chromatography procedures. Each frac-

tion was tested in spontaneously hypertensive Wistar rats. One of these fractions caused a powerful blood

pressure increase of 30.1±7.1 mmHg systolic and 34.7±6 mmHg diastolic (N=7; p=0.0003), reaching its

maximum 55±27 s after completion of the injection and lasting for 201±59 s. A long-lasting contractile

response in porcine and bovine coronary artery rings was observed. In the mouse aortic rings, the contrac-

tile response accounted for 0.38±0.13 g, i.e., 31.9±10.9% of the maximum potassium response (N=11;

p=0.003). Because this activity could not be attributed to any known vasoactive substance, it was consid-

ered to arise from a novel underlying active substance in the kidney medulla, which we named medullo-

pressin. (Hypertens Res 2005; 28: 827–836)

Key Words: kidney medulla, chromatography, blood pressure, pressoric substances, medullopressin

Introduction

In 1898 an aqueous extract from the kidney was found to have
a pressor effect (1). Many years later, this discovery led to
detailed investigation and elucidation of both the components
and the mode of action of the renin-angiotensin-aldosterone
system, and since that time the kidney has been recognized as
the principal blood pressure-regulating organ of the body.
This was followed by the observations that stable hyperten-
sion can be induced by inducing ischemia (2) or by wrapping
the kidney in cellophane (3).

Although Rauwolfia serpentina roots had been used in
India for the treatment of high blood pressure since 1931 (4),
the drug was not used in the West until the mid-fifties. The

treatment of high blood pressure remained difficult long after
the introduction of hydralazine, which was the first drug that
allowed effective treatment of this severe condition. There-
fore, great interest arose in 1940, when Page et al. (5)
reported that renal extracts given to patients with malignant
hypertension caused regression of the changes in their optic
fundi and lowered their high blood pressure. This prompted
numerous attempts to isolate vasoactive substances from the
kidney (6−10). Experiments in dogs showed that renoprival
hypertension could be alleviated by intraperitoneal adminis-
tration of macerated renal medulla but not by intraperitoneal
administration of macerated renal cortex (11), and it was clear
that the blood pressure-lowering active principle must be
located in the renal medulla. This ultimately led to isolation of
the powerful vasodilator substances prostaglandin A2 and E2
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from the renal medulla (12).
However, there is evidence that not all the substances

present in or secreted by the kidney have yet been identified.
For example, renal vein effluate from an isolated perfused
kidney has been shown to lower the blood pressure of sponta-
neously hypertensive rats, and the blood pressure reduction is
directly proportional to the perfusion pressure (13). Because
of its unique attributes, such as its abolition by excluding the
liver from the circulation (14), by previous administration of
proadifen (15), or by mixing the extract with Tween 20 or
butyl boric acid (16), this blood pressure-lowering activity
cannot be ascribed to any previously known substance.

Recently, tremendous progress has been made regarding
the role of vasoactive hormonal peptides such as adreno-
medullin (17), angiotensin (18), endothelin (19), or thrombo-
modulin (20). In contrast, over the same time period progress
has been very slow in the characterization and isolation of
non-peptidic vasoactive substances such as medullipin or the
endogenous digitalis-like factor (21), and accordingly, in the
determination of their role in cardiovascular physiology. In
the course of investigating vasoactive, nonpeptidic sub-
stances from the kidney medulla, a strong blood pressure-
increasing activity was unexpectedly detected. Since a similar
activity has not been described before, the aim of the present
research was to further characterize this previously unknown
active pressor principle from the kidney.

Methods

Drugs and Chemicals Applied

Potassium chloride, sodium chloride, calcium chloride, potas-
sium dihydrogenphosphate, magnesium sulfate, sodium

hydrogencarbonate, edetate calcium disodium, acetylcholine
chloride, serotonin, norepinephrine chloride, and sodium
nitroprusside dihydrate were obtained from Sigma Chemicals
Inc. (Deisenhofen, Germany). All organic solvents used were
of analytical grade and were obtained from Riedel De Haen
(Seelze, Germany). For preparation of aqueous solutions,
aqua bidestillata was used. In organ chambers, dissection
baths and laboratory equipment Duran® glass and laboratory
equipment made of Duran® glass (Schott, Mainz, Germany)
were employed throughout.

The Raw Material

The source material consisted of pig kidneys. About 15 min
after slaughtering and immediately after the meat inspection,
the kidneys were excised with a knife from the lung-liver-kid-
ney block as it passed along the conveyor belt, and were
immediately placed in crushed ice. Not more than 45 min
later they were snap-frozen in liquid nitrogen and stored at
-40°C until dissection. The kidneys were longitudinally sec-
tioned at 2−3 mm thickness using an electric slicing machine
(Graef, Germany). The kidney slices were carefully dissected
with a scalpel so as to separate the medulla from the cortex
and renal pelvis. The medulla was immediately placed in liq-
uid nitrogen. This material was again stored at -40°C.

Further Treatment of the Renal Medulla

The renal medulla was then pulverized in the liquid nitrogen-
cooled steel bowl of a kitchen mixer (Vorwerk Thermomix
3300, Wuppertal, Germany). Subsequent freeze-drying of the
powder was carried out by Suwelack Inc. (Billerbeck, Ger-
many).

Fig. 1. Thin layer chromatogram of the 332 fractions resulting from gel liquid chromatography of fraction E. The medullo-
pressin activity is contained in fractions 1−276.

100 % CHCl3

70:29:1 % CHCl3 :
MeOH : H2O 

50 100 150 200 250 300 Fraction

Active fractions (1-276) 



Glodny et al: Pressor Activity from the Renal Medulla 829

Extraction

The lyophilizate was transferred to a 20-l beaker (Schott,
Mainz, Germany). Chloroform was added and the material
was mixed for about 10 min with a mixing machine (Ultra-
Turrax T50; Janke and Kunkel, Staufen, Germany) at maxi-
mum speed. The solid material was exhaustively extracted
with nine successive portions of chloroform until it became
colorless. The obtained solution was evaporated to dryness in
vacuo at room temperature, leaving a dark yellowish viscous
oil that was free of peptides and proteins. For biological test
purposes, an aliquot portion of the solution was set aside for
the animal experiments. After adding a small amount of chlo-
roform, the remaining extract was applied to 259.9 g of silica
gel (ICN, Eschwege, Germany) having an irregular grain of
size 32−64 μm and a pore size of 60 Å, and transferred to a
desiccator to remove the chloroform in vacuo. The yield was
464 g of dry powder.

Silica Gel Chromatography

A customized vacuum liquid chromatography (VLC) column
with a height of 400 mm and an internal diameter of 160 mm
was constructed and filled with 2,204 g of irregular silica gel
(ICN; 32−64 μm, 60 Å pore size). Elution was carried out in
73 stages using a stepwise gradient beginning with hexane,
progressing through hexane−diethylether, hexane−diethyl-
ether−ethanol, diethylether−ethanol, ethanol−methanol and
terminating with pure methanol. Fraction 73 consisted of
straight chloroform. Specimens were taken from each fraction
for the animal experiments. After monitoring by thin-layer
chromatography (Merck KG60 GF; 20×10 cm plates, n-hex-
anes−EtOAc mixtures of different polarity for development,
anisaldehyde−H2SO4 detection), the 73 fractions were recom-
bined to form five combined fractions as follows: A=1−16,
B=17−28, C=29−35, D=36−46, and E=47−73.

Gel Chromatography

The last two combined fractions, D and E, were further sepa-
rated by gel chromatography on a Sephadex LH-20 column
(Fluka, Buchs, Switzerland). For combined fraction D (=36−
46) a column of 143 cm height and an internal diameter of 4.2
cm was filled with about 500 g of the gel; for fraction E
(=47−73) a column of 95 cm height and an internal diameter
of 6.3 cm was filled with about 700 g of Sephadex LH-20.
Each column was eluted with a 1:1 mixture of methanol and
dichloromethane. The elution front was discarded. The activ-
ity was located in the combined fraction E/1−276 (of 340
fractions), obtained from fraction E of the silica gel column.
The combined fraction E/1−276 was free of arachidonic acid
metabolites and 20-hydroxyeicosatetraenoic acid, as shown
by GC-MS. No peptide traces were detected. As inactive
comparison material for the biological testing the correspond-
ing early eluting subfractions of fraction D, namely subfrac-

tions D/1−48, were used. Figure 1 shows the thin-layer
chromatograms of the fractions resulting from gel chromatog-
raphy (chloroform/methanol/water; 70:29:1; v/v/v for devel-
opment; anisaldehyde−H2SO4 detection).

Further Separations

In the course of preliminary feasibility studies pursuant to the
isolation of medullopressin, countercurrent chromatography,
gradient VLC, and medium pressure liquid chromatograpy
were performed. In all cases, the pressor activity continued to
be observed after the chromatography.

Preparation of Samples for Animal Testing

Aqueous suspensions of the fat-like residues were made up in
Aqua ad injectabilia (Braun, Melsungen, Germany). For this
purpose, the fatty residue was first moistened with an aliquot
of ethanol and then water was added at a ratio of 1:19 ethanol/
water (v/v) to yield a test solution with a final concentration
of 2.5 mg/ml. All samples were homogenized with an ultra-
sound microsuspension apparatus (Sonifier W-250; Branson,
USA), operated 1−3 times for 15−30 s at 5 to 30 W output,
until a homogenous sample was obtained. A mixture of etha-
nol/water 5:95 (v/v) was used as a solvent control.

Mixtures Employed and Dosages

The combined fraction E/1−276, containing the activity, and
for comparison the combined fraction D/1−48, also as
described above, were each tested in seven rats, together with
the solvent control. The volume was 1.5 ml, and the injection
was given over about 10 s. In each instance the dose was 10
mg/kg body weight.

Tissue Preparation

Bovine and porcine hearts were obtained from the slaughter-
house. They were excised immediately after withdrawal of
the organ package, rinsed with cold (4°C) Krebs-solution,
then filled with this solution and cooled down to 1−4°C. Dis-
section of the coronary arteries was carried out in a Krebs-
Ringer bicarbonate solution (4°C; mmol/l: CaCl2, 2.5; KCl,
4.7; KH2HPO4, 1.2; MgSO4, 1.2, NaCl, 118,6; NaHCO3, 25.1;
calcium disodium EDTA, 0.026; glucose, 11.1). Aortas were
excised from slain laboratory mice (CRL:CFW®[SW] BR)
after pentobarbital anesthesia (50 mg/kg body weight pento-
barbital intraperitoneally) with the aid of a magnifier. The
vessel was filled with Krebs-Ringer bicarbonate solution
(4°C) as soon as possible, isolated, removed and placed into a
4°C tempered Krebs-Ringer bath (pH 7.3), and dissected
under a microscope (Wild-Heerbrugg, Switzerland). Vessel
rings were suspended in the organ chambers from fine tung-
sten stirrups of different diameters as appropriate. The study
design and protocols were in accordance with the institutional
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animal care committee and the American Heart Association
Guidelines for Research Animal Use.

Vascular Function

Aortic and coronary artery rings were suspended from the
tungsten holders in organ chambers containing 10 ml of
Krebs-bicarbonate solution (37°C, pH 7.4, 95% O2 and 5%
CO2). They were equilibrated for 1 h. The resting tension was
gradually increased. Rings were repeatedly exposed to 100
mmol/l KCl until the optimal tension for generation of force

during isometric contraction was reached. Precontraction was
not different between groups and contractions upon KCl
exposure did not differ significantly between the groups.
After equilibration for 30 min, rings were precontracted with
100 mmol/l KCl again, until a stable plateau was reached.
Doses of 50 μg/ml medullopressin or control solution, respec-
tively, were applied. Constriction experiments with norepi-
nephrine and serotonin, respectively, and relaxation
experiments with acetylcholine (1 × 10-10 - 3 × 10-5 mol/l)
and sodium nitroprusside (1 × 10-10 - 3 × 10-5 mol/l) were
subsequently performed, in order to demonstrate that the
rings were vital. The endothelium was proven to be functional
after the experiments. The dimensions of the arterial rings
used in this study did not differ significantly. Due to the small
amounts of fractions, blocking experiments with pretreatment
of vascular rings by specific blocking agents, i.e., 20-hydrox-
yeicosatetraenoic acid blockers, or different angiotensin
blockers and endothelin blockers, respectively, could not be
performed.

Animal Experiments

For the animal experiments, 21 adult spontaneously hyperten-
sive rats were used. These were Wistar rats (SHR/N Crl BR)
with an average weight of about 400 g obtained from Charles
River (Sulzbach, Germany). Under ketanest−diazepam anes-
thesia (ketanest 50 mg/kg body weight; diazepam 3 mg/kg
body weight), each of the extracts was injected over approxi-
mately 10 s via the jugular vein. The dose was set to 50 mg/
kg body weight, so as to conform with the procedure of Lee et
al. (10). Blood pressure was measured intra-arterially, access
being gained via the right femoral artery. We used a pressure
converter (Becton Dickinson, Lincoln Park, USA) in con-
junction with a Siemens Sirecust 404 monitor (Siemens,

Fig. 2. A: Effect of fraction E/1−276. The substance causing
this blood pressure elevating activity has been designated
medullopressin. B: Fraction D/1−48 (comparison fraction).
The injection of this fraction caused no substantial change in
the blood pressure. Therefore, the blood pressure response
shown in Fig. 1 cannot be a nonspecific effect due to injec-
tion of a fat emulsion. C: The solvent control (a mixture of
ethanol−water, 1.5 ml) used for suspending the fractions. The
injection of this mixture again caused no material change in
blood pressure.
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Fig. 3. Blood pressure response upon administration of
medullopressin, the comparison fraction and the control sol-
vent in spontaneously hypertensive rats (n=7 in each group).
*Statistical significance at p<0.05.
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Munich, Germany). To calibrate the instrument, we used a
mercury sphygmomanometer as described by Gauer. The
blood pressure was recorded in analogue mode and also digi-
tally with a personal computer. All animal experiments were
assessed by the Animal Protection Commission of the West-
fälische Wilhelms−University of Münster, and approved by
the District Government Office Münster (G42/99 RP MS).

Data Analysis, Statistics and Protocol Design

All data are given as the means±SD. Relaxations are
expressed as absolute values in g, and as a percentage of pre-
contractions. Contractions to medullopressin were normal-
ized to the maximal contractile response to 100 mmol/l KCl.
Due to the very limited quantity of medullopressin, the deter-
mination of EC50 could not be achieved in the present study.
The maximum blood pressure readings at the peak point were
compared with the blood pressure readings immediately
before injection of the mixtures. Blood pressure-measuring
protocols and vascular ring tension-measuring protocols were
primarily designed and approved for detection of blood pres-
sure-lowering activities. This was the rationale for testing the
“medullopressin” extract after precontraction with KCl. The
Mann-Whitney U-test was used where appropriate, with the
aid of the program Graph Pad Prism (Graph Pad, San Diego,
USA). A p value <0.05 was considered to indicate statistical
significance.

Results

Preliminary Physicochemical Characterization of
Medullopressin

From the extraction conditions and chromatographic parame-
ters, the following can be concluded regarding the chemical
and physicochemical characteristics of medullopressin. It is
extractable from the renal medulla, but not from the renal cor-
tex, when using chloroform. Within the polarity range cov-

ered by chloroform extracts, medullopressin is rather polar
and behaves like a neutral lipid. Its molecular weight is less
than 2,000 D and its chromatographic behavior indicates that
it is a small molecule. Medullopressin is stable at neutral to
moderately acidic pH, as well as within a temperature range
from -196 to at least 50°C. Because presently medullopressin
is not a single chemical entity amenable to MS or NMR anal-
ysis, the average dosage was estimated for a single constituent
based on HPLC and TLC profiling to be in the few μg/kg
body weight range or below, which corresponds to typical
physiological concentrations of hormonal substances.

Blood Pressure Characteristics

By means of the spontaneously hypertensive Wistar rat
model, the activities of the active fraction, an inactive com-
parison fraction and a control solvent were evaluated as fol-
lows (Fig. 2). The combined fraction E/1−276 (active
fraction) showed powerful blood pressure-elevating activity,
reaching its peak 55±27 s after ending the injection and last-
ing for 201±59 s. An example of this short lasting blood pres-
sure rise is shown in Fig. 2a. As can be seen, the blood
pressure rises almost immediately after starting the injection,
continues to rise, reaches a peak, and finally falls back some-
what more slowly to reach its original level after ca. 10 min.
The rise amounted to 30.1±7.1 mmHg in systolic blood pres-
sure (SBP) and 34.7±6 mmHg in diastolic blood pressure
(DBP) (p=0.0003). After injection of a inactive comparison
fraction D/1−48 there was no substantial change in the blood
pressure. A typical blood pressure curve is shown in Fig. 2b.
At the time point at which the blood pressure peak was pro-
duced by injection of the active fraction E/1−276, i.e., 55 s
after the end of the injection, there was only a slight rise in
SBP of 1.1±3 mmHg, and a slight rise in DBP of 0.3±5.1
mmHg. None of these increases were statistically significant.
After injection of the solvent control, i.e., the mixture of eth-
anol−water used for suspending the fractions, there was again
no significant change in blood pressure. A typical example of

Table 1. Murine Aortic Rings: Mean Precontraction Values in the Mice Belonging to the Medullopressin and Control Groups,
Respectively; Vascular Responses to 100 mmol/l Potassium Chloride (Potassium), Control Solution, Medullopressin, Norepi-
nephrine and Acetylcholine

Controls (n=8) Medullopressin (n=11)

Precontraction 0.85±0.15 0.84±0.16
Potassium 100 mmol/l, 1st time 0.79±0.28 0.82±0.3
Potassium 100 mmol/l, 2nd time 0.88±0.23 0.92±0.23
Potassium 100 mmol/l, 3rd time 1.04±0.37 1.19±0.41
Control 0.01±0.06
Medullopressin 0.38±0.13
Medullopressin + 100 mmol/l potassium 1.58±0.45
Norepinephrine 10-6 mmol/l 0.83±0.55 0.91±0.55
Acetylcholine 10-6 mmol/l -0.81±0.48 -0.89±0.46

Data are given in g (tension) as absolute values.
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the blood pressure curve is shown in Fig. 2c. At the corre-
sponding time point of the blood pressure peak produced by
injection of the active combined fraction E/1−276, i.e., 55 s
after the end of the injection, there was a slight rise in SBP of
0.1±3 mmHg, and a slight rise in DBP of 0.9±2.2 mmHg.
These differences were again of no statistical significance.
The maximum blood pressure increase caused by the active
combined fraction E/1−276 (Fig. 3) was 30.1±7.1 mmHg
systolic and 34.7±6 mmHg diastolic, respectively, and was
significantly different compared to both the fraction D/1−48
(p=0.0003) and the solvent control (p=0.0003). After injec-

tion of an analogous extract and fractions from renal cortex,
no significant change in blood pressure was observed.

Vascular Function

In bovine coronary artery vessels (n=15), cumulative con-
traction upon exposure to 10-6 mol/l serotonin was 2.1±0.8 g.
Contractions did not differ significantly between the control
(n=8) and the medullopressin group (n=7, data not shown).
The relaxation in response to 10-6 mol/l acetylcholine was
-1.8±0.6 g, and did not differ significantly between the

Fig. 4. Vascular response of a bovine coronary artery ring upon administration of medullopressin. Potassium precontraction
and wash out are shown.

Fig. 5. Vascular response of a mouse aortic ring upon administration of medullopressin. Two potassium precontractions and
wash outs are shown.

Table 2. Murine Aortic Rings: Vascular Responses to 100 mmol/l Potassium Chloride (Potassium), Control Solution, Medullo-
pressin, Norepinephrine and Acetylcholine

Controls (n=8; % of K+ contraction) Medullopressin (n=11; % of K+ contraction)

Control 0.96±5.77% (n.s.)
Medullopressin 31.94±10.92%
Medullopressin + 100 mmol/l potassium 132.77±37.81%*
Norepinephrine 10-6 mmol/l 79.80±52.99%* 76.47±46.22%*
Acetylcholine 10-6 mmol/l -85.58±46.15%* -74.79±38.66%*

Data is given in percent referring to maximal potassium contraction and norepinephrine contraction, respectively. Asterisks indicate sta-
tistical significance.
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groups. In porcine coronary artery vessels, the results resem-
bled those for the bovine vessels, with strong contractions and
relaxations, respectively, upon exposure to acetylcholine,
norepinephrine and sodium nitroprusside. Data were not ana-
lyzed statistically (n=4).

Table 1 shows the extent of precontraction in the aorta of
mice in the control and medullopressin group, the contractile
responses to 100 mmol/l potassium chloride and norepineph-
rine, and the relaxing response upon exposure to acetylcho-
line (data are given in g as absolute values). Acetylcholine
relaxation almost completely abolished the contractile
response to norepinephrine after the medullopressin and the
control experiments. There was no statistical difference
between the two groups, showing that the aortic rings were
fully vital at the end of the experimental protocol.

Vascular Response to Medullopressin

Figure 4 shows a typical vascular response to medullopressin
in a bovine coronary artery; the response consisted of an addi-
tional contraction lasting for more than 1 h. The mean con-
tractile response was 0.9±0.3, which was significantly
different from that in the control group (p=0.016; n=7). Sim-
ilar results were obtained in porcine coronary arteries. Figure
5 depicts the typical vascular response to medullopressin in
the aortic rings of mice. The contractile response was much
more pronounced compared to the effects in bovine and por-
cine coronary arteries. It accounted for 0.38±0.13 g, i.e.,
31.9±10.9% of the maximum potassium contraction (Table
2; data are given as a percentage of the maximal potassium
contraction and norepinephrine contraction, respectively).
This value was markedly different from that of the control
group (0.01±0.06; p=0.008). Because all experiments were
carried out using a stable potassium contraction, the maxi-
mum contraction upon injection of medullopressin was
1.58±0.45 g. This value differed markedly from the control
value (1.04±0.37; p=0.001), as well as from the maximum
potassium contraction in the medullopressin group

(1.19±0.41; p=0.008). In contrast to the blood pressure
response characteristics, the contractile response of blood
vessels in both the coronary artery vessels and the aorta of
mice lasted for more than 1 h, with the blood pressure peak
being reflected in an early constriction response peak. Figure
6 shows the constriction response characteristics within the
first 80 min after application of medullopressin to the aortic
rings of mice (n=11).

Discussion

In this paper we describe a powerful blood pressure increase,
lasting only a few minutes and commencing immediately
after the injection of a fractionated chloroform extract of renal
medulla. No change in blood pressure was observed after
injection of the solvent control, indicating that the aforemen-
tioned activity cannot be ascribed to a volume effect. A rela-
tively large injection volume (1.5 ml) was needed to meet
pharmaceutical requirements in terms of galenic quality. The
blood pressure response cannot be a non-specific effect due to
injection of a fat emulsion, because injection of the compari-
son fractions did not induce any such blood pressure rise.
Also, such changes in blood pressure have never been
reported in experiments with fractions prepared from extracts
of renal medulla made by a similar (22, 23) or any other pro-
cessing. Furthermore, as we were able to enrich the activity in
the combined fraction D/1−276, all the evidence indicates
that this activity must be due to a substance present in the
mixture. Even after injection of other suspensions of fatty
fractions we have never found any activity of the kind
described above. A slight rise in blood pressure immediately
after the injection was also observed in some experiments
with the crude extract and in an experiment with the fraction
E (=47−73) obtained after the initial separation on the silica
gel column.

The blood pressure increasing activity described here was
due to an immediate contraction of the arterial blood vessels,
as shown in the aorta of mice as well as in porcine and bovine
coronary arteries. Surprisingly, the constricting response
lasted for more than 1 h in every single vessel ring that was
examined. The difference in the duration of the blood pres-
sure and vascular response, respectively, could not be
explained by the interspecies differences among rats, mice,
pigs and cows. Due to the limited quantity of material, further
pharmacological characterization of the compound could not
be performed. This point merits further investigation.

In earlier studies by Vincent and Sheen (24), and Thauer
(25), an activity similar to that of medullopressin was not
observed. This matches our observation that a similar pressor
activity is not present in the kidney cortex, and supports the
conclusion that it is specific to the kidney medulla.

Ever since Tigerstedt and Bergmann first reported a blood
pressure-elevating activity, which was eventually attributed
to renin, in the kidney in 1898 (1), and following the observa-
tion of blood pressure-lowering activity in the kidneys and

Fig. 6. Time course of vascular response of the mouse aortic
rings upon administration of medullopressin.
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muscle by Page et al. in 1940 (5), there have been numerous
attempts to isolate and describe vasoactive substances derived
from the renal medulla or cortex or from renal vein effluate.
These substances and mixtures can be classified into those
that lower blood pressure, and those that raise it.

Among the endogenous blood pressure-lowering sub-
stances are the following. 1) Powerful vasodilator prosta-
glandins, such as prostaglandin E2 and A2 (12), and diuretic
prostaglandins such as prostaglandin F2α (26): These prostag-
landins are present in significant amounts in the renal medulla
and constitute a very important blood pressure-lowering com-
ponent of the medulla (12). The vasodilator and blood pres-
sure-lowering actions of these substances begin immediately
after injection and continue for some minutes (27). 2) Phos-
pholipid renin inhibitors such as those isolated from dog kid-
neys (28), and subsequently described synthetic substances
such as lysophosphatidyl ethanolamine analogues (29): Both
are capable of lowering the blood pressure of hypertensive
rats. 3) A chemically modified lipid from the renal medulla
known as antihypertensive polar renomedullary lipid
(APRL): APRL is an extraordinarily powerful vasodilator; its
effect begins immediately after injection and lasts for 30−60
min (23). APRL was characterized as a mixture of alkyl ether
analogues of phosphatidyl choline (23). 4) A presumably neu-
tral lipid present in the renal medulla that was given the name
antihypertensive neutral renomedullary lipid (ANRL) by
analogy with the polar lipid (23). Its activity does not com-
mence until a few minutes after injection, but may last for
several hours (23).

On the other hand, mixtures or substances that raise blood
pressure have been described as follows. 1) The previously
mentioned work by Tigerstedt led to the isolation of renin
(30), which, however, exerts no action on the blood vessels
itself. 2) The blood pressure-raising peptide corticotensin was
reported to be present in the pig renal cortex (31), but has not
yet been isolated. 3) Renopressin is another protein that was
found to be present in the pig renal cortex (8). The authors
demonstrated that a preparation obtained from renin-free pig
renal cortex caused a slow rise in blood pressure, and that this
reaction was not antagonized by an angiotensin II blocker (8).
4) Several authors have claimed that urine contains a pressor
substance (32−34). This substance is thought to be a protein
with a molecular weight of 25,000 D. Upon long-term admin-
istration it causes hypertrophy of the suprarenal cortex. The
blood pressure rises, as do plasma aldosterone and the urine
K+/Na+ ratio, indicating a Na+-retaining property of the com-
pound (35, 36). 5) The blood pressure-elevating activity of
the protein nephrotensin has been identified in the venous
effluate from ischemic kidneys (37−39). This protein has
been assigned to be angiotensin I bound to α-2-globulin (40).
However, the activity differs from the activity of angiotensin
I and angiotensin II in rats (38).

In addition to the aforementioned five hypertensive entities
there have been certain attempts to obtain pressor substances
from the kidney, or to identify the activity of mixtures

obtained from plasma originating from the kidney (41−43).
However, none of these mixtures can possibly explain the
extensive blood pressure rise observed in this study. All of the
previously described substances are proteins, some of them
with high molecular weights. Since the Sephadex LH-20 sep-
aration step employed in the present study excluded all parti-
cles above 2,000 amu, any sizeable peptide, including every
endothelin, would have been eluted with the solvent front,
which had been discarded.

In contrast, medullopressin was obtained using pure chloro-
form for extraction of the renal medulla. This corresponds to
the method of lipid extraction and purification used by Bligh
and Dyer (44), and does not yield extracts of intact proteins or
peptides. The latter method starts with a monophasic mixture
of homogenized tissue fluid, methanol, and chloroform, from
which a biphasic mixture is produced by adding water and
chloroform, so that the chloroform layer contains the lipids
and the methanol−water layer contains all the other sub-
stances. Similarly, the chloroform extraction of the present
study leads to isolation of the lipids and their separation from
any proteins present. The method provides a reduced yield of
lipids, whereas the extraction method by Bligh and Dyer (44)
is specifically designed to optimize the total extractable lipid
yield (w/w), regardless of biological activity. However, this
was not the goal of the present study. In preliminary experi-
ments, the yield of medullopressin activity when using the
Bligh and Dyer method was not higher than that when using
straight chloroform for extraction. Therefore, an exhaustive
maceration in chloroform was chosen as the extraction
method.

Also excluded from consideration as active pressor sub-
stances are the prostanoid substances present in extremely
large amounts in the renal medulla (12). These prostaglandins
isolated from the renal medulla, namely prostaglandin E2 and
A2, are among the most potent known vasodilator agents, and
therefore cannot account for the activity observed here. Addi-
tionally, they were ruled out by GC-MS. The only remaining
potential candidate with known pressor activity is thrombox-
ane A2, an endogenous peroxide derived from arachidonic
acid. Its blood pressure elevating property compares closely
in extent and duration with the newly discovered agent,
medullopressin. This applies especially to the rapid blood
pressure rise that follows administration of thromboxane A2

(45). However, because of its poor stability⎯thromboxane
A2 has a half life of only about 30 s at room temperature
(46)⎯this prostaglandin is much too unstable to survive the
chromatography, sample preparation and processing condi-
tions of this study and, therefore, falls out of consideration.

Moreover, the method of lipid extraction that has been
employed to isolate the prostaglandins from the renal medulla
has to be considered in the discussion of potential candidates
for the active principle (26). As Lee explained (47), the pur-
pose of the extraction method is the exclusion of the neutral
lipids, the preservation of the acidic prostaglandins, and their
separation from the neutral lipids. The first step was to extract
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the acidified aqueous homogenate of the renal medulla with
methylene chloride. This extract was expected to contain both
the acid and the neutral lipids. The methylene chloride phase
was then extracted by shaking with phosphate buffer, the idea
being that only the acid lipids would pass into the buffer,
while the neutral lipids would remain behind. The phosphate
buffer was then acidified and extracted again with methylene
chloride; the organic phase now contained the activity, which
later led to the discovery of the prostaglandins in the kidney
(26). However, the original methylene chloride extract con-
tained an activity that was later described by Muirhead (22) as
the ANRL activity mentioned above. Because Muirhead’s
extract is a representative example of a prostaglandin-free
extract, our extract was prepared in the same manner. If the
present extract had contained any known prostanoid sub-
stances, an activity attributable to one of these substances
would have been observed, in keeping with Lee’s work. How-
ever, we did not observe any such activity. While the renal
medulla has been shown to contain considerable amounts of
prostaglandins, especially vasodilator prostaglandins, we
have found no blood pressure-related activity attributable to
these substances. In the case that prostaglandins had been
present in the extract, it also seems very unlikely, from a
physicochemical perspective, that any blood pressure-elevat-
ing prostaglandins or thromboxanes would have been present
in the fraction due to their lipophilicity. Because these sub-
stances are quite non-polar organic molecules, they most
likely would have been eluted with the solvent front (i.e., the
discarded “fraction 0”) under the given chromatographic con-
ditions, but certainly before fraction A, and not with fractions
D or E, which represent the polar end of the gradient elution
scheme. In summary, the results presented above demonstrate
that porcine renal medulla contains a lipid, which we have
designated medullopressin, that is a very potent blood pres-
sure-raising agent. To the best of our knowledge, so far no
comparable blood pressure-elevating substance from the kid-
ney has been described in the literature.

Acknowledgements

The authors are indebted to the following individuals for their
help with and support of this project: Ms. S. Cromme and Ms. C.
Kühle (for their technical assistance), and Dr. H.-U. Spiegel and
Dr. G. Winde, WWU Münster, Germany.

References

1. Tigerstedt R, Bergmann PG: Niere und Kreislauf. Skand
Arch Physiol 1898; 8: 223−271.

2. Lösch J: Ein Beitrag zur experimentellen Nephritis und
arteriellen Hochdruck. Zentralbl Inn Med 1933; 54: 145−
188.

3. Page IH: Method for producing persistent hypertension by
cellophane. Science 1939; 89: 273−274.

4. Sen G, Bose KC: Rauwolfia serpentina, a new Indian drug
for insanity and high blood pressure. Ind Med World 1931;

2: 194−201.
5. Page IH, Helmer OM, Kohlstadt KG, Fouts PJ, Kempf GF,

Corcoran AC: Substances in kidneys and muscle eliciting
prolonged reduction in blood pressure in human and experi-
mental hypertension. Proc Soc Exp Biol Med 1940; 43:
722−728.

6. Grollmann A, Harrison TR, Williams JR Jr: Further studies
on the preparation of kidney extracts effective in reducing
the blood pressure in experimental hypertension. Fed Proc
1940; 1: 34−35.

7. Harrison TR, Grollmann A, Williams JR Jr: Antipressor
action of renal extracts and their capacity to reduce blood
pressure of hypertensive rats. Am J Physiol 1940; 128: 716−
724.

8. Skeggs LT, Kahn JR, Levine M, Dorer FE, Lentz KE:
Chronic one-kidney hypertension in rabbits. III. Reno-
pressin, a new hypertensive substance. Circ Res 1977; 40:
143−149.

9. Grollman A, Krishnamurty VSR: A new pressor agent of
renal origin: its differentiation from renin and angiotensin.
Am J Physiol 1971; 221: 1499−1506.

10. Lee JB, Hickler RB, Saravis CA, Thorn GW: Sustained
depressor effect of renal medullary extract in the normoten-
sive rat. Circ Res 1963; 13: 359−366.

11. Muirhead EE, Stirman JR, Jones F: Renal autoexplantation
and protection against renoprival hypertensive cardiovascu-
lar disease and hemolysis. J Clin Invest 1960; 39: 266−281.

12. Daniels EG, Hinman JW, Leach BE, Muirhead EE: Identifi-
cation of prostaglandin E2 as the principle vasodepressor
lipid of rabbit renal medulla. Nature 1967; 215: 1298−1299.

13. Muirhead EE, Brooks B, Byers LW, Brown P, Pitcock JA:
Secretion of medullipin I by isolated kidneys perfused
under elevated pressure. Clin Exp Pharmacol Physiol 1991;
18: 409−417.

14. Muirhead EE, Byers LW, Brooks B, Dowell R: The liver
converts the antihypertensive hormone of the kidney: the
reno-hepatic axis. Hypertension 1986; 8: 117−122.

15. Muirhead EE, Byers LW, Capdevila J, Brooks B, Pitcock
JA, Brown P: The renal antihypertensive endocrine func-
tion: its relation to cytochrome P-450. J Hypertens 1989; 7:
361−369.

16. Muirhead EE, Byers LW, Brooks B, Brown P, Pitcock JA:
Biologic contrasts between medullipin I and vasoactive
glyceryl compounds. Am J Med Sci 1989; 298: 93−103.

17. Jiang W, Jiang HF, Pan CS, et al: Relationship between the
contents of adrenomedullin and distributions of neutral
endopeptidase in blood and tissues of spontaneously hyper-
tensive rats. Hypertens Res 2004; 27: 109−117.

18. Asai T, Kushiro T, Fujita H, Kanmatsuse K: Different
effects on inhibition of cardiac hypertrophy in spontane-
ously hypertensive rats by monotherapy and combination
therapy of adrenergic receptor antagonists and/or the angio-
tensin II type 1 receptor blocker under comparable blood
pressure reduction. Hypertens Res 2005; 28: 79−87.

19. Yao L, Kobori H, Rahman M, et al: Olmesartan improves
endothelin-induced hypertension and oxidative stress in
rats. Hypertens Res 2004; 27: 493−500.

20. Dohi Y, Ohashi M, Sugiyama M, Takase H, Sato K, Ueda
R: Circulating thrombomodulin levels are related to latent
progression of atherosclerosis in hypertensive patients.



836 Hypertens Res Vol. 28, No. 10 (2005)

Hypertens Res 2003; 26: 479−483.
21. Takahashi H: Endogenous digitalislike factor: an update.

Hypertens Res 2000; 23 (Suppl): S1−S5.
22. Muirhead EE: Depressor functions of the kidney. Semin

Nephrol 1983; 3: 14−29.
23. Muirhead EE: Renomedullary vasodepressor lipid: medul-

lipin, in Swales JD (ed): Textbook of Hypertension. Oxford,
Blackwell, 1994, pp 341−359.

24. Vincent S, Sheen W: The effects of intravascular injections
of extracts of animal tissues. J Physiol 1903; 29: 242−265.

25. Thauer R: Die Wirkung von Nierenpreßsäften und -extrak-
ten auf den Blutdruck von Versuchstieren. Zentralbl Inn
Med 1933; 54: 2−15.

26. Lee JB, Crowshaw K, Takman BH, Attrep KA: The identi-
fication of prostaglandins E2, F2α and A2 from rabbit kidney
medulla. Biochem J 1967; 105: 1251−1261.

27. Muirhead EE, Brooks B, Byers LW: Biologic differences
between vasodilator prostaglandins and medullipin I. Am J
Med Sci 1992; 303: 86−89.

28. Sen S, Smeby RR, Bumpus FM: Isolation of a phospholipid
renin inhibitor from kidney. Biochemistry 1967; 6: 1572−
1581.

29. Turcotte JG, Yu CS, Lee HL, Pavanaram SK, Sen S, Smeby
RR: Synthesis of lysophosphatidylethanolamine analogs
that inhibit renin activity. J Med Chem 1975; 18: 1184−
1190.

30. Haas E, Lamfrom H, Goldblatt H: Simple method for
extraction and partial purification of renin. Arch Biochem
1954; 48: 256−260.

31. Fasciolo JC, Risler NR, Totel G: Corticotensins: pressor
peptides from the kidney, in Génest J, Koiw E (eds): Hyper-
tension 1972. Berlin, Springer, 1972, pp 177−182.

32. Abelous JE, Bardier E: De l’action de l’extrait alcoolique de
l’urine humaine normale sur la pression arterielle. C R Soc
Biol 1908; 64: 596−597.

33. Bain W: Further work on the pressor bases of the urine.
Lancet 1910; 1: 1190−1193.

34. Bohn H, Hahn F: Untersuchungen zum Mechanismus des
blassen Hochdrucks. Blutdrucksteigernde Stoffe im Harn,
insbesondere beim blassen und beim roten Hochdruck. Zeit

Klin Med 1933; 123: 558−584.
35. Sen S, Bumpus FM: A hypertensive macromolecule from

human urine. Acta Physiol Latin Am 1974; 24: 496−498.
36. Sen S, Bravo EL, Bumpus FM: Isolation of a hypertension-

producing compound from normal human urine. Circ Res
1977; 40: I5−I10.

37. Grollman A: Pressor activity after focal infarction of the
kidney in the rat. Proc Soc Exp Biol Med 1970; 134: 1120−
1122.

38. Grollman A, Krishnamurty VSR: Differentiation of nephro-
tensin from angiotensin I and II. Proc Soc Exp Biol Med
1973; 143: 85−88.

39. Grollman A: New pressor agent of renal origin. Fed Proc
1970; 29: 448.

40. Schweikert JR, Carey RM, Liddle GW, Island DP: Evi-
dence that the renal pressor substance of Grollman is related
to angiotensin I. Circ Res 1972; 31: 132−142.

41. Rosas R, Croxatto H: Vasoactive substances in blood and
urine of DCA hypertensive rats. Circ Res 1962; 10: 880−
884.

42. Kenner T, Waldhäusl W: A non-dialyzable, heat-stable,
hypertensive substance in the serum of rats. Nature 1964;
204: 581−582.

43. Huang CT, Cardona R, Michelakis AM: Existence of a new
vasoactive factor in experimental hypertension. Am J Phys-
iol 1978; 234: E25−E31.

44. Bligh EG, Dyer WJ: A rapid method of total lipid extraction
and purification. Can J Biochem Physiol 1959; 37: 912−
917.

45. Svensson J: Biosynthesis and biological properties of pros-
taglandin endoperoxides and thromboxane A2. Acta Biol
Med Germ 1978; 37: 731−740.

46. Goswami S, Mai J, Bruckner G, Kuinsella JE: Extraction
and purification of prostaglandins and thromoxane from
biological samples for gas chromatographic analysis. Pros-
taglandins 1981; 22: 693−702.

47. Lee JB: Prostaglandins, neutral lipids, renal interstitial cells,
and hypertension, in Génest J, Koiw E, Kuchel O (eds):
Hypertension: Physiopathology and Treatment. New York,
McGraw-Hill, 1977, pp 373−393.


	Medullopressin: A New Pressor Activity from the Renal Medulla
	Introduction
	Methods
	Drugs and Chemicals Applied
	The Raw Material
	Further Treatment of the Renal Medulla
	Extraction
	Silica Gel Chromatography
	Gel Chromatography
	Further Separations
	Preparation of Samples for Animal Testing
	Mixtures Employed and Dosages
	Tissue Preparation
	Vascular Function
	Animal Experiments
	Data Analysis, Statistics and Protocol Design

	Results
	Preliminary Physicochemical Characterization of Medullopressin
	Blood Pressure Characteristics
	Vascular Function
	Vascular Response to Medullopressin

	Discussion
	Acknowledgements
	References


