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Hydration of Arterial Muscle and B l d  Pressure Response.* (29751) 

S. CHARLES FREED AND JOHN H. PROCTOR 
Harold Brunn Institute, Mount Zion Hospital and Medical Center, San Francisco, Calif. 

From a previous study it was suggested 
that increased water content of arterial 
muscle induces a dilution of the contractile 
components resulting in a lowering of periph- 
eral resistance and a depression of blood 
pressure( 1). This hypothesis was based on 
the assumption that the sodium-potassium 
ratio of arterial tissue reflected hydration of 
the muscle cells. In  this regard, blood pres- 
sure of hypertensive rats subjected to adre- 
nalectomy declined to normotensive levels in 
association with an elevated sodium-potas- 
sium ratio due to an increase in the sodium 
con tent. Following prednisolone adminis tra- 
tion, blood pressure was restored to hyper- 
tensive levels concomitantly with removal of 
the added sodium. Similarly, the blood pres- 
sure of renal hypertensive rats fed the anti- 
hypertensive compound quinethazone declined 
to normotensive levels in association with an 
increase in sodium-potassium ratio of the 
aorta due to a reduction of the potassium 
content ( 2 ) .  Preliminary tests revealed that 
prednisolone administration restored the de- 
pressed blood pressure of quinethazone-fed 
rats to the original hypertensive levels in as- 
sociation with a lowering of the sodium-p- 
tassium ratio. This effect provided an oppor- 
tunity to study the relationship of this ratio 
to the state of hydration of arterial muscle 
and its possible role in blood pressure regu- 
la t ion. 

Methods. Five- to six-week-old male Long- 
Evans rats were subjected to Grollman’s fig- 
ure-of-eight renal ligature method for induc- 
tion of hypertension. Ten to twelve weeks 
later, hypertensive rats were divided into 4 
groups. One group consisted of untreated hy- 
pertensive rats (11). A second group (111) 
was fed a diet containing quinethazonet cal- 
culated to provide a daily intake of approxi- 
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mately 100 mg/kg body weight. After two 
weeks on this diet, a t  which time the blood 
pressure levels had declined to almost normo- 
tensive values, these rats and those of Group 
I1 were sacrificed. The aortas and blood were 
removed for analyses of the water, sodium, 
potassium and chloride content as previously 
described ( 2 ) . 

A third group (IV) was fed the diet con- 
taining quinethazone for 2 weeks and was 
then injected with 2 mg prednisolone ace- 
tate$ subcutaneously 2 times at a 15-hour 
interval. Four hours after the second injec- 
tion systolic blood pressures were obtained 
by microphonic manometer and the animals 
sacrificed for determination of the electrolytes 
and water content of aorta and electrolytes 
of blood. A fourth group (V)  of hypertensive 
rats fed the quinethazone diet for 2 weeks 
received two subcutaneous injections of 5 
mg desoxycorticosterone trimethylacetate 15 
hours apart; blood pressure readings were 
obtained 4 hours after the second injection 
and rats then sacrificed for similar analyses. 

Results. From Fig. 1, it can be observed 
that the Mood pressure of hypertensive rats 
fed quinethazone for 2 weeks declined to lev- 
els approaching normotension. Administra- 
tion s f  prednisolone to such rats promptly 
restored the blood pressure to hypertensive 
levels while desoxycorticosterone had no 
pressor effect under similar conditions. 

In association with the b l d  pressure 
changes, there were significant alterations in 
the water and electrolyte contents of the 
aorta wall (Table I).  Thus, treatment of hy- 
pertensive rats with quinethazone resulted in 
a reduction of potassium from 15.6 -C -5 
mEq to 12.4 -+ .4 mEq per 100 g dry weight 
with no appreciable change in water or sodi- 
um content. When these animals were in- 
jected with prednisolone, the potassium con- 
tent remained the same but the water con- 
tent of aorta declined from 231 k 5.8 g to 

$Furnished by Schering Corp., Bloomfield, N. J., 
through the courtesy of Dr. Robert W. Cooper. 
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FIG. 1. Schematic representation of depression of 
blood pressure in hypertensive rats fed quinethazone 
(loo mg/kg body weight), prompt restoration by 
administration of prednisolone, and failure to respond 
to DOCA. 

197 t 6.3 g, and the sodium content from 
29.7 t 7 mEq to 25.0 t 1.0 mEq. Desoxy- 
corticosterone administration to such rats had 
relatively little effect on these constituents. 

It is also apparent that in conjunction with 
the anti-hypertensive effect of quinethazone, 
the ratio of aorta sodium to potassium in- 
creased from the initial value of 1.96 I+: 
.03 to 2.401 t .03. Following administration 
of prednisolone to such rats and reversal of 
blood pressure, this ratio was reduced to 2.00 
t .04. The ratio was unchanged by adminis- 
tration of desoxycorticosterone. Under these 
conditions there is an inverse correlation be- 
tween blood pressure and sodium-potassium 
ratio of the aorta. 

Similarly an inverse correlation is found 
between the ratio of water to potassium con- 
tent of the aorta and blood pressure. Thus 
quinethazone feeding increased this ratio 
from the initial value of 15.5 -4 .5 to 18.6 
t .6. Administration of prednisolone to 
hypertensive rats fed quinethazone lowered 
the ratio to 15.4 t .6. When such rats were 
treated with desoxycorticosterone, there was 
no change in the ratio which approximated 
that of normotensive controls. 

A similar relationship can be found be- 
tween blood pressure levels and the ratio of 
intra-cellular water to potassium of the aorta. 
This can be converted to a positive correla- 
tion between blood pressure and concentra- 
tion of intra-cellular muscle potassium (Table 
11). For this purpose the values for these 
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TABLE 11. Concentration of Artemrial Muscle Poltassium. 

Intra-cell Intra-cell K (mEq/l) 
H2O (g>* K (mEq) intra-cell water 

NQl-mal 49 2 1.2t 10.8 & .2 220 f. 4.4 
> p <.Ol 

> p < . O l  

> p <.Ol 

> p <.Ol 

Hypertensive 53 & .9 14.7 & .5 277 & 5.1 

Hypertensive and quinethazone 49 -t- 1.6 11.6 2 .4 236 & 4.8 

Idem + predaisolone 43 2 1.3 11.9 2 .4 276 & 3.9 

” + desoxycortieosterone 57 * 2.1 11.2 & .8 197 & 8.7 

* Per 100 g fat-free wt. 

constituents were obtained by standard for- 
mulae based on the assumption that almost 
all chloride is confined to tissue extracellular 
space. I t  can be noted that the values for 
intracellular water of aorta muscle are un- 
realistic when compared to other muscle such 
as skeletal or myocardial. This may be ac- 
counted for by the fact that considerable 
quantities of chloride are bound to the colla- 
gen and elastin present in arterial tissue with 
a consequent distortion of values for intra- 
and extracellular water (3). However, since 
the fiber content of the aortas of the experi- 
mental animals in the different groups is ap- 
parently comparable, the increment of chlo- 
ride associated with the non-cellular elements 
may be considered constant for practical pur- 
poses. Under such conditions the values in 
Table I1 may be considered valid for demon- 
strating relative hydration of arterial muscle. 
I t  can be seen from this Table that untreated 
hypertensive rats had an arterial muscle 
potassium concentration of 2 7 7  t 5.1 mEq 
per liter of muscle water compared to 2 2 0  
t 4.4 mEq/l in normal rats. Hypertensive 
rats fed quinethazone showed a reduction in 
concentration of potassium to 236 t 4.8 
mEq/l. Following administration of pred- 
nisolone to such rats the concentration of 
muscle potassium was elevated to 276 t 
3.9 mEq/l. Desoxycorticosterone administra- 
tion to similar rats diluted muscle potassium 
somewhat. 

Discussion. These results reveal that the 
anti-hypertensive effect of quinethazone was 
promptly reversed by administration of pred- 
nisolone. This is apparently a specific action 
of an anti-inflammatory steroid since the 

t Standard error. 

mineralocoid, desoxycorticosterone, was in- 
effective. 

The distribution of water and electrolytes 
of the arterial wall offers a possible explana- 
tion of the shifts in blood pressure. In this 
regard, Tobian and associates suggested that 
in hypertensive animals, the hydration from 
an increased sodium content of artery wall 
caused a narrowing of the lumen and an 
elevated peripheral resistance. Friedman and 
Allardyce considered that excess sodium of 
the smooth muscle cells induced a sustained 
contraction of the peripheral arteries and a 
similar increase in resistance to blood flow ( 5 ) .  
The results reported here demonstrate like- 
wise that the arteries of renal hypertensive 
rats contain excess sodium and water as well 
as potassium. However, quinethazone feeding 
lowered blood pressure concomitantly with a 
reduction in potassium content but no change 
in water and sodium. Following prednisolone 
treatment to such rats, blood pressure was 
restored to hypertensive levels with removal 
of the excess sodium and water. Thus, a 
different interpretation may be made when 
blood pressure changes are studied in the 
light of the relationship between the potas- 
sium and the sodium and/or water contents 
of artery wall. 

The results of the present study confirm 
a previous suggestion of an inverse correla- 
tion between blood pressure and ratio of 
aorta sodium to potassium( 1). A similar cor- 
relation between blood pressure and ratio of 
aorta water to potassium has been disclosed 
and extended to the ratio of intra-cellular 
water to potassium. Inversion of this latter 
ratio indicates a positive correlation between 
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blood pressure and concentration of arterial 
muscle potassium. I t  is suggested therefore 
that the reversal of the anti-hypertensive 
effect of quinethazone by prednisolone may 
be related to the induction of a higher con- 
centration of arterial muscle potassium 
through mobilization of intracellular water. 
This concept presupposes that the data ob- 
tained from analyses of aorta tissue may be 
extrapolated to smaller arteries and that alter- 
ations in peripheral resistance are mainly re- 
sponsible for blood pressure changes. 

With these considerations in mind, suf- 
ficient data are available to postulate that 
arterial muscle potassium has a regulatory 
effect on peripheral resistance. I t  is well 
known, for instance, that potassium is a vital 
component in the contractile mechanism of 
smooth muscle of arteries as well as other 
organs. In addition, recent reports indicate 
that this cation may influence basal arterial 
tone. Thus, Bevan and Osher reported that 
while potassium sensitized the contraction of 
artery strips to norepinephrine, it shortened 
the resting length of the strips through direct 
action on smooth muscle cells( 6 ) .  Barr et a2 
also showed that shortening of artery strips 
was a positive function of intra-cellular potas- 
sium( 7 ) .  Furthermore, Laszt and Hamoir 
maintain that vascular muscle contains “ton- 
actomyosin,” a protein which regulates tone 
under the direct influence of cellular potas- 
sium (8) . 

I t  follows that the anti-hypertensive effect 

of quinethazone may, in part, result from loss 
of arterial tone through dilution of arterial 
muscle potassium. On the other hand, pred- 
nisolone could reverse this anti-hypertensive 
effect by restoring tone through mobilizing 
cellular water and concentrating muscle po- 
tassium. This effect may shed some light on 
the mechanism by which anti-inflammatory 
steroids are known to improve circulation in 
a variety of hypodynamic states. 

Summary. Presnisolone, but not desoxy- 
corticosterone, administration reverses the 
anti-hypertensive effect of quinethazone. The 
elevation of blood pressure is associated with 
an increase in concentration of arterial muscle 
potassium through the mobilization of cellu- 
lar water. The direct influence of potassium 
on arterial tone may be involved in this 
relationship. 
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Meohanism of Dextran Sulfate Inhibition of Attenuated Poliovirus.* 
(29752) 

S. BENGTSSON (Introduced by L. Philipson) 
Institute of Virology, University of Uppsala, Uppsala, Sweden 

In recent years reports on the effect of cephalomyocarditis virus (EMC) (4) and 
sulfated plysaccharides on several viruses foot-and-mouth disease virus (FMDV) ( 5 , 6 ) ,  
have been published. The viruses studied in- herpes simplex virus ( 7 ) and myxoviruses 
dude picornaviruses Such as polio ( 1-3) , en- such as influenza A2 and B (8). The effect of 

* This investigation was supported by grants from sulfated polysaccharides on plaque size has 
U. S. Public Health Service (AI-04193-03) and primarily been investigated. With poliovirus 
from Swedish Medical Research Council, and FMDV the effect of agar extracts and/or 


