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While it is well established that acute
changes in plasma sodium chloride concentra-
tion can affect blood pressure, the mechanism
of this effect is not clear. Studies in per-
fused vascular beds indicate that the sodium
chloride per se is not vasoactive; its effect on
resistance seems to result indirectly from
osmotic shift of water rather than from some
direct action (1). In an attempt to determine
whether this also applies to the intact
cardiovascular system as a whole, blood pres-
sure was measured in the anesthetized dog
during acute selective sodium chloride de-
pletion without water depletion; total osmotic
pressure of extracellular fluid was held con-
stant to prevent osmotic shift of water into
cells.

Methods. This was accomplished by inject-
ing a potent diuretic intravenously and then
exactly replacing the water lost in the urine
with an isosomotic modified Ringer’s solution
in which mannitol was substituted for the
sodium chloride. The method has been de-
scribed in detail elsewhere (2). In brief, dogs
having an average weight of 18.5 kg were
anesthetized with sodium pentobarbital and
ventilated artificially. The femoral artery,
femoral vein, and wurinary bladder were
catheterized for measurement of arterial pres-
sure, infusion of the solution, and measure-
ment of urine flow, respectively. Furosemide,
20 mg/kg, was then injected intravenously
and immediately afterward 500 ml of the
replacement solution were injected in-
travenously to stimulate urine flow. When
500 ml urine had been excreted, the replace-
ment solution was infused intravenously ex-
actly at the rate of urine flow. Particular
attention was given the depth of anesthesia;
supplemental doses of pentobarbital were giv-
en whenever a conjunctival reflex appeared.

Arterial blood was sampled periodically. The
urine was pooled and sampled at the end of
the experiment. Plasma and urine osmolality
were measured by the freezing point depres-
sion method, potassium and sodium by flame
photometry, and magnesium and calcium by
atomic absorption. Blood pH was measured
by the method of Astrup and hematocrit by
capillary centrifugation.

In eight control experiments the replace-
ment solution contained (g/liter): NaCl,
7.2; NaHCO,, 1.8; KCIl, 0.3; MgCly6H,0,
0.5; and Ca gluconate, 1.0. In eight experi-
ments designed to selectively lower the plas-
ma sodium concentration, mannitol was sub-
stituted for the NaCl and NaHCO; in the
solution. In both groups, an isotonic solution
of KCl was also infused intravenously via a
forelimb vein at 1.23 ml/min during the en-
tire post-furosemide period to obviate a fall
in the plasma potassium concentration (2).
The volume of this fluid as well as that of the
blood samples were taken into account in
arriving at a precise water balance.

Results. Table I shows that when mannitol
was substituted for the sodium chloride and
sodium bicarbonate in the replacement fluid,
plasma sodium concentration fell 29 mEq/li-
ter in 76 min. Plasma osmolality, [K*]
[Mg?+], [Ca2*], blood pH and hematocrit
did not change appreciably. The findings
were similar in the control experiments, ex-
cept that here the sodium concentration also
remained constant. Mean arterial pressure
rose 14 mm Hg in the experimental group
and 12 mm Hg in the control group. The
reason for the small blood pressure rise in
both groups is unknown but could be, at least
in part, related to lightening of the anesthe-
sia and renin release. Heart rate did not
change in either group.
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= & The osmolality and concentrations of sodi-
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& =H &3 £ mEq/liter, 31 mEq/liter, 2.7 mEq/liter, and
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z < = A - I,L tively. The latter animals excreted 1034 ml
5 =0 o of urine and received no sodium. Hence they
9 & HH HAH = lost 93 mEq of sodium in 76 min. Assuming
<= — o PO —~H =1

= i SoaAalE an extracellular volume of 3700 ml, calcu-
5 2 lated extracellular sodium in the control state
§ . B+ n E equaled 570 mEq. Seventeen percent .of this
2 o~ i it appeared in the urine. This agrees with the
& oS .il ;I i,l il :;I 2 19% fall in plasma sodium concentration ob-
T 3% 3993 served. .

é £ Discussion. Studies in perfused Vasc1'11ar
o Qe o s o |8 beds have failed to demonstrate that sodium
g S 3 S33 S chloride per se affects vascular resistance (1,
=3 H H HA 42 3). In the dog forelimb (1), for example, an
2 33 FRw |5 isosmotic reduction of the sodium chloride
§ B concentration in the perfusing blood over
o e P www | B ranges which occur naturally has no discen’u-
uF 222 12228 ble effect on blood.vessel geometry. Constn.c—
P, é" HH+H E HHH|U tion beFomes man1fe§t only when' a fall. in
T B 238 E388 |~ osmolality accompanies the fall in sodium
é 2 IR Bl - chloride concentration. Elevation of the s9d1-
:«w Edx § oo |E um chloride concentration reduces forelimb
2 TS| HH EHHH|E E vascular resistance. This (_effect, hovv{ever, can-
E bt oo M 3 & 2 not be attributed to sodium chl.orlc.le per se
g E; -1 since it also occurs when osmolality is equally
g E =2 222183 elevated with other agents, dextrose and
° Y H H H o+ H g é urea for example. Thus these effects seem to
& oz Iag|ea result from osmotic shift of water rather than
S o o & o o g %’ from a specific action of sodium chloride.

g @ H 4 HH 4| E Z Data from isolated muscle (44.3) show that
@ & e Tan |l hyposmolality causes cell hydration, a reduc-
A - iRl - tion in the intracellular potassium concentra-
& = e tion, a decrease in the membrane .pot.entia],
K g S R Tnls 5 and cellular contraction. The opposite is pro-
g 3 g o o caz |82 duced by hyperosmolality. Other data suggest
3 = ™ S T that sodium competes with calcium for a
g e z ; carrier in the m.embrane such .that redum}g
g = =] ca‘? B extracellular sodium concentration results in
A ) oH o HH[ZE calcium influx and cell contraction (9). The
.75 - o 3 3 g o latter mechanism however is not.compatlble
2 ' — ig with the absence of a response in 'perfused
< ES vascular beds when extracellular sodium con-
H = A ©w | & centration is reduced without changing osmo-
& =g >4 o ;[ :g' E R lality or with the similarity of the responses
& e € R R seen when osmolality is raised with sodium
_ﬁ 2 chloride, dextrose, or urea (1, 3).
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The findings in this study are in agreement
with those obtained from perfused vascular
beds. Blood pressure failed to change relative
to the control series when plasma sodium
concentration was selectively reduced over
ranges which occur naturally without chang-
ing osmolality. Apparently the changes in
blood pressure seen with acute manipulation
of the total body sodium chloride concentra-
tion (10-14) also result via associated changes
in extracellular osmolality. These changes
in osmolality redistribute total body water
such that blood volume and cell hydration
are altered (10, 15, 16). These alterations in
turn influence cardiac output, total peripher-
al resistance, and hence blood pressure. Thus
acute pure salt depletion lowers osmolality
resulting in osmotic shift of extracellular
water into cells (10). This lowers blood vol-
ume and hydrates vascular and red cells. The
fall in blood volume decreases cardiac out-
put via the Starling mechanism and increases
resistance via the baroreceptor system (10,
11). Cell hydration also increases resistance
(1, 3) through (i) activation of the contrac-
tile machinery of the vascular smooth muscle
(see above and 4-8), (ii) luminal bulging of
endothelial cells, and (iii) swelling of red
cells. Hemoconcentration (10, 11) may also
play a role in the increased resistance. The
fall in cardiac output is proportionately
greater than the rise in peripheral resistance
and the blood pressure falls (10, 11).

Acute hypernatremia on the other hand
raises osmolality resulting in osmotic shift of
cellular water into the extracellular compart-
ment (16). This raises blood volume (15)
and dehydrates cells (16). The hypervolemia
increases cardiac output via the Starling
mechanism (13-15) and momentarily decreas-
es resistance via the baroreceptor mechanism;
cell dehydration also decreases resistance (1,
3, 6, 12-15) via deactivation of the contrac-
tile machinery of the vascular smooth muscle
(see above and 4-8) and shrinkage of endo-
thelial and red cells (14). Hemodilution (13-
15) may also play a role in the decreased re-
sistance. The fall in resistance is proportion-
ately greater than the rise in cardiac output
when the hypernatremia is very acute and
the blood pressure falls (12-14). The fall in
resistance and rise in cardiac output are more
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proportionate when the hypernatremia is
less acute and consequently blood pressure
changes very little (15).

According to this analysis, cell hydration
in the absence of a fall in blood volume and
hence right heart filling pressure should raise
blood pressure. Perhaps this explains the rise
in blood pressure seen in hypertensive sub-
jects following intravenous infusion of 5%
glucose (17). Such an infusion does not lower
blood volume (17) but should reduce ex-
tracellular osmolality as the glucose is metab-
olized.

Summary. Blood pressure was measured in
anesthetized dogs during acute selective so-
dium chloride depletion without water de-
pletion; total osmotic pressure of extracellu-
lar fluid was held constant thereby prevent-
ing osmotic shift of water into cells. The
blood pressure changes seen were not differ-
ent from those in a control series where sodi-
um concentration remained constant. These
studies fail to show that acute sodium chlor-
ide depletion per se affects blood pressure.
Apparently the blood pressure changes seen
with acute manipulation of the total body
sodium chloride content are produced in-
directly via associated changes in extracellu-
lar osmolality.
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