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Chronic excess salt (NaCl) ingestion will
induce permanent hypertension in rats(1)
and has been implicated as an etiological
factor in human essential hypertension(2,3).
However, it is not known to what extent
innate differences in salt appetite, if such
differences indeed exist, are related to the
development of experimental or human hyper-
tension. The present study is concerned with
possible relationships between salt appetite
and genetic susceptibility to hypertension in
rats. A number of investigators have reported
relationships between various forms of experi-
mental hypertension and salt appetite. In
rats, desoxycorticosterone (DOC) hyperten-
sion is accompanied by enhanced voluntary
intake of sodium salts(4,5) and there is sug-
gestive evidence that adrenal regeneration
hypertension may be associated with en-
hanced sodium appetite in this species(6).
On the other hand, rats with renal(7) or
with metacorticoid(5) hypertension manifest
relative aversion for sodium salts. Fregly
(8-10) has studied thoroughly the NaCl appe-
tite of rats with renal hypertension and has
concluded that the aversion of renal hyper-
tensive rats is not specific for NaCl but
includes non-sodium salts as well.

Recently, 2 strains of rats have been
evolved by selective inbreeding, one of which
rapidly develops severe hypertension with

*Work in this study was supported in part by
Grant MHO02949 from Nat. Inst. of Mental Health,
USPHS, and by the U. S. Atomic Energy Com-
mission,

various experimental techniques which are
almost ineffective in the other strain. While
the 2 strains were selected initially on the
basis of their respective capacities to develop
hypertension from NaCl ingestion(11), it was
observed subsequently that this difference in
potential was demonstrable by means of other
techniques as well; the strain genetically
predisposed to develop NaCl hypertension
had a similar predisposition to develop hyper-
tension after DOC acetate plus NaCl, as well
as after unilateral renal artery compression
without NaCl(12). The other strain proved
much more resistant to developing hyperten-
sion using these techniques. In recent un-
published work a similar disparity in the
tendency to develop hypertension has been
observed with cortisone and with adrenal enu-
cleation in these two strains. The divergent
response to salt in these strains suggested
that they might manifest additional dispari-
ties. In the present study it was found that
rats from the strain with a genetic predispo-
sition to hypertension voluntarily ingested
significantly less NaCl (as saline) than did
the ones with a genetic resistance to de-
veloping hypertension.

Method. Subjects. Forty-six female rats
between 1 and 2 months of age and weighing
100 to 150 g were used. Twenty-three ani-
mals were derived from the so-called Sensitive
strain, .e., those with a strong genetic pre-
disposition to hypertension, and 23 were de-
rived from the Resistant strain, i.e., those
with genetic resistance to developing hyper-
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tension(8,9). They had been kept on low
salt chow (0.38% NaCl) and tap water
ad lib. from weaning until the beginning of
these experiments.

Testing procedure. The standard “two
bottle” self-selection procedure was used.
Distilled water and a saline solution were
available ad lib in inverted graduated test
tubes with drinking nozzles which protruded
through the fronts of the cages. Each day
fluid consumption was measured, the test
tubes were refilled, and the positions of water
and saline were reversed. The rats were fed
standard Purina Chow (0.50-0.75% NaCl)
ad lib during the experiment.

Spontaneous saline intake. Twelve Sensi-
tive and 12 Resistant rats were placed in
pairs in cages and given .15 M saline and
water for 6 days as described above. An
additional 6 Sensitive and 6 Resistant rats
were placed in individual cages and given
.25 M saline and water. The 2 concentrations
were used because while isotonic saline ap-
pears to be palatable to normal rats, they
develop an aversion to more hypertonic solu-
tions. Thus, it was possible to determine
whether a difference in intake between the
2 strains was independent of the palatability
of the solution. The rats given the .15 M
solution were run in pairs because greater
variance of intake was expected. Later it was
found that this was unnecessary and all rats
were run individually in the following experi-
ments.

Saline intake after adremalectomy. Ten
Sensitive and 10 Resistant rats were adrenal-
ectomized and given the choice of .25 M
saline or water for 12 days. Five rats in
each group had been used previously in the
first experiment and the remaining 5 of each
group were experimentally naive.

Saline intake after DOC. Six intact rats
from each strain were given free choice to
select either .15 M saline or water and were
injected subcutaneously each day for 6 con-
secutive days with 2.5 mg of desoxycortico-
sterone acetate (DOCA)?' in oil. Fluid intake
was measured for an additional 6 days fol-
lowing termination of DOCA treatment.

t Desoxycorticosterone was generously supplied by
Dr. Robert Gaunt, CIBA Pharmaceutical Co.
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FIG. 1. Mean daily saline, water, and total
fluid intake of intaet, untreated rats during last
4 days of 6-day period. Data from 6 pairs of Sen-
sitive (8) and 6 pairs of Resistant (R) rats given
.15 M saline shown in part ‘“A.’’ Data from 6
Sensitive and 6 Resistant rats given .25 M saline
shown in part ‘‘B.’’

FIG. 2. Mean daily .25 M saline, water, and
total fluid intake of 10 Sensitive and 10 Resist-
ant adrenalectomized rats during last 10 days of
12-day period.

FIG. 3. Mean daily .15 M saline, water, and
total fluid intake of 6 Sensitive and 6 Resistant
rats during last 4 days of. 6-day injection period
(2.5 mg DOCA/day) and during last 4 days of
immediately following 6-day period.

These 12 rats had all previously been used
in the first experiment (Spontaneous Saline
intake).

Results. Fig. 1 shows the average daily
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saline, water, and total fluid intakes of the
untreated groups of animals. While total fluid
intakes were not significantly different in the
2 strains, rats from the Sensitive strain in-
gested significantly less saline (p<C0.01 for
either 0.15 or 0.25 M saline) and more water
(p<0.01 and »<0.05 for groups given 0.15
M and 0.25 M saline, respectively) than did
animals from the Resistant strain. The above
and all following statistical analyses are by
the Mann-Whitney test and do not include
the scores of the first 2 days of observation
during which time variability of fluid intake
was very high in both strains.

Fig. 2 summarizes the data obtained on
adrenalectomized rats from both strains given
a choice of 0.25 M saline or water. Those
from the Sensitive strain continued to ingest
less saline than did those from the Resistant
strain ($<0.01), although, in accordance
with the original observation by Richter(13),
the completely adrenalectomized animals
manifested an increased appetite for the saline
solution, There were no significant differences
in water or total fluid intake of the 2 strains
under these conditions.

It can be seen from Fig. 3 that daily
injection of 2.5 mg of DOCA in intact ani-
mals effected the following striking changes:
(1) total fluid intake by both strains was
more than doubled (from a normal average
of about 35 ml/day to about 75 ml/day dur-
ing DOCA treatment); (2) this increment
in fluld consumption was due entirely to a
marked increase in the intake of 0.15 M
saline (in comparison to the corresponding
groups of Fig. 1A, Sensitive animals mani-
fested a 10-fold increase while Resistant ani-
mals manifested a 3-fold increase); (3) the
net effect of the foregoing was to eliminate
the differences in saline and water intake be-
tween the two strains. After termination of
DOCA injection, 0.15 M saline intake de-
creased sharply and the normal pattern re-
appeared.

Discussion. The present results show that
when they were given a free choice of either
saline solution or water to drink, rats from
a strain with a strong genetic predisposition
to develop hypertension ingested significantly
less saline than did those from a strain geneti-
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cally resistant to the development of hyper-
tension. Adrenalectomy did not eliminate this
difference in saline intake of the 2 strains,
but addition of DOC to the regimen com-
pletely abolished it. The latter result is some-
what difficult to interpret because of the pos-
sibility that a ‘“ceiling” was reached which
precluded greater saline intake in the Resis-
tant strain.

The explanation for the difference in salt
appetite in the 2 strains is not readily appar-
ent from this or other studies. That some
hypertensive rats have a relative aversion for
NaCl solutions seems well established, as
noted earlier(5,7-10), although there is evi-
dence to suggest that this is not specific for
NaCl but may be part of a general salt aver-
sion(10). It is, perhaps, a semantic question
whether or not the animals in this experi-
ment from the Sensitive strain are called
hypertensive. By some criteria they would
not be so classified: 1) the polydipsia which
characterizes hypertensive rats(7,14) clearly
was not present; in fact, their total fluid
intake consistently tended to be slightly lower
than that of rats from the Resistant strain;
2) in some unpublished studies, now in prepa-
ration, no difference in natruresis was ob-
served to follow NaCl loading in animals of
this age from both strains; 3) in the study
of Tosteson et al(4) rats with renal hyper-
tension which also received DOCA continued
to consume less NaCl solution than did the
controls. In the individual rats discussed here,
blood pressures were not measured. However,
our experience suggests that as a group, ani-
mals of this age from the Sensitive strain
would average about 10-20 mm Hg higher
basal systolic pressures than would similar
animals from the Resistant strain (i.e., ca.
115-125 vs 105 mm Hg, respectively). Since
the range of blood pressures from “normal”
to “high” is a continuum, the Sensitive rats
with higher basal pressures would be “hyper-
tensive” relative to the Resistant rats. Fur-
thermore, the genetic propensity for hyper-
tension is now so great among rats from the
Sensitive strain that every animal will pre-
dictably develop hypertension from any of
several experimental manipulations. In their
study of self-selection of salt solutions by rats
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Abrams ¢t al(7) observed that, among control
animals, those with the highest blood pres-
sures had saline intakes below those of con-
trols with lesser pressures. They suggested
that spontaneously developing hypertension
in rats might also be accompanied by a less-
ened appetite for NaCl. If the animals used
in our studies from the Sensitive strain were
considered to be in the earliest phase of
hypertension, i.e., the so-called ‘“pre-hyper-
tensive” stage, their relative aversion for
saline might be compatible with the interpre-
tation mentioned above(7).

The mechanism of the disparity in salt
appetite between the 2 strains remains ob-
scure. It cannot be attributed primarily to
differences in adrenocortical function since it
persisted after adrenalectomy. Neither can it
be attributed to less efficient excretion of
sodium by the Sensitive strain, since unpub-
lished studies have failed to reveal differences
in rats from the same 2 strains in a) capacity
to excrete sodium after a sodium chloride
load, b) total carcass sodium or c) total ex-
changeable sodium.

It may be that the differences in both vas-
cular reactivity and sodium appetite in the
2 strains are due to genetically determined
differences in hypothalamic function. Ample
evidence indicates that taste sensitivities(15)
and preferences(16) can be transmitted on a
genetic basis. There is a large body of data
documenting the role of the hypothalamus in
taste preferences and in regulation of nutrient
intake(17), and destruction or stimulation of
various hypothalamic structures has been
shown to modify salt intake profoundly(18,
19,20). On the other hand, the hypothalamus
has long been known to play a role in the
elevation of blood pressure(21,22), and it is
conceivable that functionally or structurally
related areas of the hypothalamus are re-
sponsible for some degree of control of both
salt appetite and blood pressure. Thus the
differences between the 2 strains of rats
might depend upon genetically determined
variations in hypothalamic function such that
salt appetite is decreased in association with
increased vascular reactivity in the Sensitive
rats and vice versa in the resistant ones.

Summary. Given a free choice of either
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saline solution or water to drink, rats from
a strain with a strong genetic predisposition
to hypertension ingested less saline solution
than did those from a strain genetically resis-
tant to developing hypertension. Administra-
tion of DOC abolished this difference, but
adrenalectomy did not. Studies by others
have shown that in some forms of experi-
mental hypertension, rats have a relative aver-
sion for saline. Although it is highly unlikely
that frank hypertension was present in any
animals used in these studies, animals from
the strain predisposed to hypertension are
known to have basal pressures 10-20 mm Hg
higher than in the other strain. If such rela-
tive elevations are considered to be evidence
of the “pre-hypertensive” phase, the aversion
for saline might be taken as early evidence
of developing hypertension(7). Some specu-
lations concerning genetic relations among
saline appetite, blood pressure and hypotha-
lamic function were given.
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Chlorpromazine (CPZ) is known to sup-
press a wide variety of enzyme activities(1-8)
including DNA synthesis(9-11) in intact cells
and animals. Rosenberg(9) observed that
administration of CPZ to rats with ascites
hepatoma results in diminished incorporation
of P32 into the nuclei of tumor cells. Also,
radioautography demonstrated that CPZ in-
hibits in vitro incorporation of H? thymidine
into human marrow cells engaged in DNA
synthesis, followed by delay of mitosis(11,12).

Since CPZ affects cell permeability(13,14)
as well as many other biologic activities not
necessarily involved with enzymes(15-17) its
effect on DNA synthesis in a cell free system
was studied. It is felt that a cell free system
avoids some of the variables imposed by a
cell membrane and the numerous chemical
reactions that simultaneously occur in an
intact cell or organism. Our approach uses
a multi-enzyme source from regenerating rat
liver which can promote DNA synthesis.

Material and methods. Table I lists the
components of the incubation mixture em-

* Supported by Research Grant CA-05524-05 from
Nat. Cancer Inst., N.I1.H., USP.HS. Bethesda, Md.;
the Saul Cooper, Robert Uihlein, Charles F. Vogel,
Douglass Van Dyke and Philipp I. Hunkel funds;
and grants from Smith, Kline & French Laboratories,
Parke Davis Pharmaceutical Co., Eli Lilly Co., &
Sandoz Pharmaceutical Co.

t Trainee in Hematology, Training Grant T1 AM-
5162-06 from Division of Arthritis and Metab. Dis,,
N.I.H,, USP.HS.

TABLE I. DNA Synthesis in a Cell Free Sys-

tem(20).
Tris-HCl, pH 7.7 20  umoles
MgCl, 3 mgmoles
Glueose 25  umoles
ATP (K salt)* 50
DPN* 125 7
dAMP* 25  mymoles
dGMP* 25 ”
dCMP* 25 ”
Tritiated thymidine* 33 v
(Sp. act. = 3 ¢/mM)
Protein enzymet 1-2 mg
DNA 200 ”
Test drug .2 umole
(Added either to in-

cubation mix less en-
zyme or to enzyme)

(Total volume 0.5 ml) Ineubate 1-4 hr at 37°C,

* Souree of reagents: ATP (K salt) Pabst Lab-
oratories, Trace ADP; DPN, Pabst; H® thymidine,
Schwarz, radiochemical purity 99%; dAMP, Cal-
biochem; dGMP, Calbiochem; dCMP, Calbiochem;
all other reagents, chromatographically homoge-
nous.

t Protein enzyme derived from regenerating rat
liver homogenate, prepared 24 hr after partial
hepatectomy.

ployed in these experiments; methods were
adopted from those recommended by Bollum
and Potter(18) and by Main and Walwick
(19-21). Primer DNA?! was obtained from
calf thymus.

The DNA synthesizing system was pre-
pared from Holtzman strain rats weighing
125-160 g. Seventy-five per cent of the liver
was removed under ether anesthesia and the

1 Worthington Biochemical Corp., Freehold, N. J.



