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Recently, attention has been given to a
hyperresponsiveness to vasopressor agents
in various forms of hypertension. Hyper-
trophy and/or “‘water-logging” of blood ves-
sels associated with prolonged hyperten-
sion has been found to narrow vessel lu-
mina and lead to such hyperresponsive-
ness (1). In addition, subnormal mono-
amine oxidase activity accompanied by in-
creased tissue norepinephrine concentra-
tion has been reported in genetically hy-
pertensive turkeys, which also exhibited a
greater vasopressor response to exoge-
nously administered norepinephrine (2).

Lately there has been a renewed inter-
est in a ‘“‘sensitizing factor” to catechol-
amines in hypertension, but because of the
diverse nature of some studies and the
frequent utilization of inadequate con-
trols, reports have been conflicting. Sev-
eral investigators have found evidence for
a vasopressor agent potentiating factor
among hypertensive subjects (3-6), and a
transmittable humoral factor has been
suggested by a study that utilized the par-
abiotic union of a strain of rats that was
genetically susceptible to the development
of hypertension (7). In addition, a blood-
borne factor in hypertensive humans that
sensitized normal assay animals to the va-
sopressor effects of norepinephrine and an-
giotensin II has been reported (8). The
present study was conducted to determine
if a factor exists in the serum of salt-in-
duced hypertensive rats that would en-
hance the vasopressor activity of exoge-
nously administered norepinephrine in
normotensive bioassay animals.

Materials and methods. Development of
experimental  hypertension.  Sixty-eight
male rats, initially weighing 166 = 29 g
(SD), were quartered in a climate controlled
room (25° * 2° and 50-60% relative humid-
ity) with 12 hr of light each day (6 aM to 6
pM). Animals were divided into three
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groups of 20-24 animals and placed on
diets consisting of Purina Lab Chow with
NaCl added to make up 1.3, 5.6, and 8.4%
of the ration by weight.! Deionized water
and feed were provided ad libitum. The
animals’ weights and systolic blood pres-
sures were recorded weekly with a pro-
grammed electrosphygmomanometer® and
a cuff over the caudal artery. At the end of
225 days on the diets, the animals were
sacrificed by decapitation, and their trunk
blood was collected and allowed to clot at
room temperature. Cells were separated
from the serum by centrifugation, and the
serum was stored at —28° until used. Se-
rum samples were selected from the three
dietary groups in such a manner that ani-
mals with a wide range of blood pressures
were represented in the data.

Bioassay for norepinephrine response. A
separate group of male rats weighing 300~
400 g, which had previously been screened
for blood pressure abnormalities, was used
for the bioassay. After bilateral nephrec-
tomy and a 24 hr recovery period, these
animals were given dial-urethan® as an
anesthetic agent (1.8 ml/kg, ip), and
pentolinium tartrate* was given as an ad-
renergic blocking agent (5-8 doses of 0.25
mg/25 ul each given iv at 5 min intervals).
During the assay, blood pressures were
measured via a polyethylene cannula (PE-
50)° placed in the internal carotid artery
connected to a P-1000A pressure trans-
ducer and recorded using a Physiograph
DMP-4A? recorder. A Narco SW-4 Servo-

! Nutritional Biochemicals Corp., Cleveland,
Ohio.

? Narco Biosystems, Houston, Texas.

3 Ciba Pharmaceutical Products, Inc., Summit,
New Jersey.

4 Wyeth Laboratories, Philadelphia, Pennsylva-

nia.
3 Intramedic tubing, Beckton-Dickinson, Ruther-
ford, New Jersey.
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Writer? accessory was used to expand the
mean blood pressure recording scale for
greater convenience in reading pressure
changes. Intravenous injections were
made through PE-20 cannulas® inserted
into both internal jugular veins. The can-
nula used for injecting norepinephrine was
maneuvered into the superior vena cava.
Systolic and diastolic pressures, electro-
cardiogram, and respiration were observed
periodically throughout the procedure.

After the administration of the adrenergic
blocking agent, a norepinephrine dose re-
sponse curve was recorded for each animal
and used to determine the quantity of nor-
epinephrine required to produce a 10 mm
Hg increase in mean blood pressure. The
amount thus determined for each animal
was subsequently used as a standard dose to
be injected iv at 6 min intervals for the
duration of the assay. Very small norepi-
nephrine injection volumes were used to
avoid the expansion of the extracellular
fluid volume that would otherwise accom-
pany multiple injections in the same animal.
The mean volume for each injection of nor-
epinephrine was 0.77 = 0.07 ul (SE) with a
total mean volume injected into assay ani-
mals of 13.05 = 1.45 (SE) ul. Responses to
the standard dose of norepinephrine were
considered acceptable if six consecutive re-
sponses varied no more than = 1 mm Hg
mean blood pressure, recorded from a
steady blood pressure baseline, varying no
more than + 1.5 mm Hg. After the standard
response was established, 15-25 ul of the
serum sample was injected through a jugu-
lar vein cannula, and the standard dose of
norepinephrine was repeated until it be-
came apparent that no further increase in
vasopressor response would occur. The
three highest consecutive responses to the
standard norepinephrine dose, recorded
from a mean blood pressure baseline vary-
ing no more than + 3 mm Hg, were selected
and averaged, and their mean was used as
the test response value.

Statistical analysis of data. Significance of
the results obtained was determined by
analysis of variance, Fisher’s “F” test (9).

Results. Effect of diet upon blood pres-
sure. Blood pressure ranges of the animals
after 225 days on the 1.3, 5.6, and 8.4%
NaCl diets are shown in Fig. 1. The mean
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Fic. 1. Systolic blood pressure ranges of rats on
1.3, 5.6 and 8.4% NaCl diets. The proportion of ani-
mals on the 5.6 and 8.4% diets that developed hyper-
tension was similar. The severity of hypertension
increased as dietary NaCl increased.

systolic blood pressures for the three groups
were 129 = 5 mm Hg (SE), 146 = 2 mm
Hg, and 154 = 2 mm Hg, respectively.
Eighty-nine percent of the animals on the
1.3% NaCl diet remained normotensive,
while only 46-48% of the animals on the
high salt diets remained normotensive.
Greater dietary salt content had little effect
upon the percentage of animals developing
hypertension (systolic BP > 142 mm Hg),
but several of the animals developed very
severe hypertension (systolic BP > 180 mm
Hg) on the 8.4% NaCl diet.

Effect of serum injection upon mean blood
pressure. Ganglionic blockade reduced
basal vascular tone with a resultant reduc-
tion in mean blood pressure to near 50 mm
Hg. An hour or more was required for
equilibration following the blocking agent,
after which the blood pressure baseline re-
mained stable for several hours. The injec-
tion of hypertensive or normotensive serum
did not affect basal mean blood pressure, as
may be seen in Table I.

Effect of serum injection upon norepi-
nephrine response. The injection of sera
from hypertensive rats resulted in an aug-
mented response to standard doses of nor-
epinephrine. After the administration of hy-
pertensive sera, the vasopressor response to
norepinephrine ranged from a 7% decrease
to a 78% increase in response with a mean
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TABLE 1. BLooD PRESSURE CHANGES OCCURRING DURING BIOASSAY PROCEDURE INDUCED BY GANGLIONIC
BLOCKING AGENT, TEST SERUM, AND NOREPINEPHRINE. NOREPINEPHRINE VASOPRESSOR RESPONSE TO
HYPERTENSIVE SERUM waS HIGHLY SIGNIFICANT (P < 0.001).

Bioassay Rat

BP response to norepineph-

Mean blood pressure Tine in mm Hg

Shortly after

Serum donor blocking Norepineph-

. systolic BP in Body Weight  Systolic BPin  agent inmm  After serum rine response

Animal mm Hg ing mm Hg Hg in mm Hg Control Serum test change (%)
417 120 370 - 68 44 11.0 11.0 0
4/24 117 350 - 78 50 17.2 16.8 -2
5/23 140 345 90 43 40 16.2 17.7 9
5/23 120 345 90 43 40 17.2 16.5 -4
6/7 117 350 115 53 53 15.8 14.8 -6
6/11 125 440 120 40 41 9.0 11.8 31
7124 127 370 100 48 48 12.8 14.7 15
7124 127 370 100 48 48 13.3 20.0 50
7131 120 335 120 40 44 14.3 14.6 2
7/31 132 335 120 40 44 14.8 14.7 -1

Group

Mean = SD 125 27 361 = 31 107 £ 13 50+ 13 45 > 4 14.2 £ 2.7 15.26 * 2,66 9.4 + 18%
2/15 225 300 110 53 53 10.0 133 33
2/11 225 360 86 57 58 8.8 12.2 39
3/20 190 410 125 43 43 83 13.2 59
4/2 190 385 - 58 47 8.7 15.5 78
4/17 170 370 - 68 44 11.0 13.2 20
4/24 170 350 - 78 50 16.8 225 34
5/10 160 560 — 80 44 8.2 10.2 24
6/7 170 350 115 53 53 15.3 222 45
6/11 225 440 120 40 41 9.2 13.0 42
6/14 218 500 118 53 51 9.7 11.3 17
6/20 218 430 110 67 67 15.3 18.8 23
3 170 385 100 44 42 8.3 8.3 0
713 170 385 100 44 42 82 8.8 8
7123 142 360 100 60 42 10.3 13.7 32
713 170 310 105 50 62 12.2 19.0 56
7/31 170 335 120 40 44 9.6 9.0 -7
8/6 160 340 125 67 60 11.7 13.2 13
9/12 217 340 85 50 60 13.2 15.5 13
9/19 170 380 92 60 61 14.5 18.7 29

Group
Mean * SD 186 + 27 384 = 64 107 £ 13 56 £ 12 518 11.0+28 14343 29.4 = 21%

increase of 29.4 = 5% (SE). When com-
pared to the preserum injection response,
this difference was found to be highly sig-
nificant (P < 0.001) (see Tables I and II).
A typical response to norepinephrine both
before and after hypertensive sera adminis-
tration is shown in Fig. 2. The injection of
sera from hypertensive animals usually re-
sulted in rapid augmentation of response
that continued for 90-180 min and subse-
quently declined to the preserum value dur-
ing the ensuing 90-180 min.

Much smaller and less significant
changes in vasopressor response were ob-
served after injection of normotensive se-
rum (see Tables I and II). An example of
the norepinephrine response after the in-
jection of normotensive serum is shown in
Fig. 3. Responses for this group ranged

from a 5% decrease to a 50% increase with
a mean increase of 9.4 = 6% (SE), but the
difference was not found to be significant
(P > 0.1). Half of the normotensive group
had a slightly negative or no increase in
reactivity, as shown in Fig. 4, while only
11% of the hypertensive group had no aug-
mentation.

Correlation of systolic blood pressure
with norepinephrine response. Regression
analysis of systolic blood pressures of se-
rum donor animals and the subsequent
vasopressor responses to the standard dose
of norepinephrine found in bioassay ani-
mals revealed no significant correlation
between the two (P > 0.1).

Discussion. Observations of a hyperre-
sponsiveness to vasopressor agents occur-
ring concomitantly with hypertension
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TABLE II. StaTisTicAL F-TEST SUMMARY OF THE VASOPRESSOR RESPONSE TO NORMOTENSIVE AND
HYPERTENSIVE SERA. THE CHANGE IN VASOPRESSOR RESPONSE ATTRIBUTED TO NORMOTENSIVE SERUM WAS
NOT STATISTICALLY SIGNIFICANT WHILE THE RESPONSE ATTRIBUTED TO HYPERTENSIVE SERUM was HIGHLY

SIGNIFICANT.
Degrees
of free-  Sum of Mean
Normotensive serum dom squares squares F P
Between treatment sum of squares 1 27 27 8_;: 31 >0.1
Between animals sum of squares 7 292 41.7 4;.;= 48 <0.05
Interaction sum of squares 7 61 8.7 §‘_Z___ 28 <0.001
Between responses sum of squares 32 10 31
Total 47
Hypertensive serum
Between treatment sum of squares 1 310 310 6_12= 50 <0.001
Between animals sum of squares 18 1296 72 %: 11.6 <0.001
Interaction sum of squares 18 113 6.2 6_.§= 15.9 <0.001
Between responses sum of squares 36 14 .39
Total 73
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Norepinephrine Injections At Six Minute Intervals

FiG. 2. Norepinephrine response after injection
of hypertensive serum. Each circle represents a 16
ng dose of norepinephrine injected at 6 min inter-
vals. The mean of the last three responses before
injection of serum (solid circles) was used as control
value while the mean of the three highest consecu-
tive responses after serum (solid circles) was used as
the test value. In this animal there was a 29% in-
crease in response.

have been made in several studies involv-
ing both animals (10-13) and man (14-17).
Other studies have yielded largely nega-
tive results (18-21). Much of the confusion
surrounding this important facet of the
hypertensive process stems from the na-
ture of the experimental protocols used.

Norepinephrine Injections At Six Minute Intervals

FiG. 3. Norepinephrine response after injection
of normotensive serum. Each circle represents a 16
ng dose norepinephrine injected at 6 min intervals.
The mean of the last three responses before injection
of serum (solid circles) was used as control value
while the mean of the three highest consecutive
responses after serum (solid circles) was used as the
test value. This animal had a 7% increase in re-
sponse after serum.

Investigations of vascular responsiveness
using hypertensive animals themselves to
assay for vasopressor response fail to dis-
tinguish between changes in apparent re-
sponse, which can be largely due to geo-
metric changes in resistance vessels and
smooth muscle hypertrophy, and real
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Fic. 4. A comparison of the vasopressor response to norepinephrine in bioassay animals after the
injection of normotensive and hypertensive serum. Bars represent the proportion of animals in activity
ranges within each serum group. Norepinephrine response after hypertensive serum was much higher than
after normotensive serum. The median change in response after normotensive serum was 2 mm Hg, and was

29 mm Hg after hypertensive serum.

changes in response that are due to in-
creased sensitivity to vasopressor agents.
Other studies have utilized in vitro prepa-
rations such as helical strips of femoral
artery and aorta (19-22) or portal veins
(22), the investigators assuming that large
vessels respond quantitatively to vasopres-
sor agents in the same manner as the
much smaller resistance vessels.

The use of normotensive animals for the
bioassay of humoral vasopressor potentiat-
ing agents offers a number of advantages
not found in in vitro techniques and meth-
ods that utilize hypertensive bioassay ani-
mals. Such a procedure avoids differences
in apparent reactivity that might be due to
geometric or hypertrophic changes in the
vascular bed brought about by the hyper-
tensive process itself, and since the prepa-
ration is an in vivo system, it allows for
the expression of both direct and indirect
effects of injected sera. In addition, there
are fewer assumptions as how physiologi-
cal the assay system is. The effects ob-
served are reflections of changes in the
reactivity of the same determinants of to-
tal peripheral resistance and blood pres-
sure that exist physiologically.

Recently, a study of Mizukoshi and
Michelakis (8) reported a significant in-
crease in vasopressor sensitivity to norepi-
nephrine and angiotensin after the admin-
istration of small quantities of serum from
hypertensive humans to an assay animal.
This material was thought to be a heat-
stable, nondialyzable substance that was
produced and released by the ischemic kid-

neys of patients with renovascular hyper-
tension. It was also found in the plasma of
patients with essential and malignant hy-
pertension. In addition, sodium restriction
in these hypertensive subjects unequivo-
cally reduced the plasma’s activity of this
substance. It was thought that this sub-
stance might play some role in the devel-
opment of hypertension.

In this study, the sera taken from rats
made hypertensive by salt loading were
investigated for the presence of a humoral
factor that increases reactivity to the vaso-
pressor effects of norepinephrine. Very
small aliquots of serum from hypertensive
animals were injected into normotensive,
nephrectomized, ganglionically  blocked
rats, and the pressor responses to exoge-
nous norepinephrine were compared to
preinjection responses.

The injection of hypertensive sera into
the bioassay animals led to a significant
increase in vasopressor response to norepi-
nephrine, an observation not made when
normotensive sera was used. In contrast to
the study of Mizukoshi and Michelakis (8),
no change in basal mean blood pressure
was observed. No overt attempt was made
to characterize the nature or chemical
properties of the humoral substance or
substances involved, however, the mate-
rial seems to be relatively heat stable, and
its activity persists after repeated freezing
and thawing. Studies to elucidate its
chemical properties are now in progress.

In summary, the injection of very small
aliquots of serum from hypertensive ani-
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mals into bioassay animals increased the
reactivity of these animals to the vasopres-
sor effects of norepinephrine. These find-
ings suggest the presence of a humoral
factor or factors in the serum of hyperten-
sive animals that augments their response
to vasopressor agents and that may play
some role in the hypertensive process.
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