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More and more reports are appearing in the l i terature suggesting that the vascular  tone is largely dependent 
on changes in the content of e lectrolytes  and water in the wails of the blood vessels [3, 4, 11, 17, 18, 28]. From this 

point of view the study of the composit ion of the electrolytes  in the vascular  wall  in exper imenta l  arterial  hyper-  

tension may be very important.  However, despite the fact  that several  investigations in this direction have been 
conducted [6, 7, 9, 10, 12, 13, 19-23],  the character  of distribution of electrolytes  and water in the vascutar wall  
and in the internal  organs in ar ter ia l  hypertension is not yet  clear.  

Most investigations of e lectrolytes  in exper imenta l  renal hypertension have been carried our on rats [6, 7, 13, 
15, 20-23], and only a few studies have been made on the content of water and electrolytes in the vascuiar  wall 
[9, 12] and skeletal  muscle [8] of dogs with exper imenta l  renal  hypertension lasting up to 3 months. 

The object  of the present invest igat ion was to study simultaneously the changes in the e lec t ro ly te  composi -  

tion of the vascular wall,  the ske le ta l  muscles, and the heart,  l iver,  and kidneys of dogs with exper imenta l  renal 
hypertension. 

E X P E R I M E N T A L  M E T H O D  

Experiments were carried out on mongrel  male  dogs weighing 14-22 kg of middle  age. Altogether 8 normal 
animals and 8 dogs with exper imenta l  renal  hypertension caused by two-stage appl ica t ion  of si lver rings to the renal  

arteries [1, 2], were investigated.  The ar ter ia l  pressure was measured by puncture of the femoral  artery. Six months 
after the second stage of the operat ion the ar ter ia l  pressure of the animals was e leva ted  on the average by 80 mm 
Hg. The dogs were sacrif iced by exsanguination under Nembutat anesthesia (80 mg/kg).  Blood vessels (without ad-  
vent i t ia)  from the following segments of the vascular  system were taken for investigation: arch of the aorta (1 cm 
above the origin of the brachiocephal ic  artery), the thoracic aorta (at the leve l  of the third intercostal  space), the 

abdominal  aorta (2 cm below the origin of  the renal  arteries), and the carotid artery. Other tissues taken for ana ly-  
sis inc luded the skele ta l  muscle of the thigh, the heart  muscle (right and left  ventricles) ,  the liver, and the kidney 

(cortex and medulla) .  The tissues were dissected at 5 ~ weighed on torsion scales, dried for 4 days to constant weight 
at 105 ~ , and again weighed. The to ta l  water content was est imated from the difference in weight, The dry residue 
was defat ted by extract ion twice with ethyl  ether [16]. The electrolytes  were ext rac ted  with a 1 N solution of ni-  
tric acid for 48 h at room temperature.  The chloride in the supernatant fluid after centrifugation was determined 
by Volhard's method, and the potassium and sodium, after suitable dilution, by a f lame photometer.  The serum 
chloride was de termined by Rusniak's method. The concentrat ion of e lectrolytes  in the tissues was expressed in 
mil l iequivalents ,  and the water content  in grams/100 g dry, defat ted residue. The in t race l lu lar  concentration of 
e lectrolytes  in the heart  and skele ta l  muscle was ca lcu la ted  by Benson's formula [5], and expressed in mi l l i equ i -  
va len ts /kg  of in t race l lu lar  water. 

E X P E R I M E N T A L  R E S U L T S  

Figures for the total  content of e lectrolytes  and water in the serum and tissues are given in Table 1. They 
show that  no signif icant  difference was found between the levels of potassium, sodium, and water in the blood serum, 
the skele ta l  muscle,  and the l iver  of normal  dogs and animals with renal  hypertension. In the heart, a decrease in 
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TABLE 1. Content of Electrolytes and Water in the Blood Serum and Tissues of Healthy 
Dogs and Dogs with Experimental Renal Hypertension 

Serum 

Aorta 
Arch 

Thoracic 

Abdominal 

Carotid artery 

Skeletal muscle 

Heart 
Right ventricle 

Left ven- 
tricle 

Liver 

Kidneys 
Cortex 

Medulla 

Water Sodium potassium Chloride 

nor- hyper- 
mal tension 

952 948 
=t=11,5 -t-19,0 

294,0 329,0 
+13,0 +19,0 
- -  P < 0 , - 0 0 1  

261,0 286,0 
+22,0] -+17,0 
- -  P<O,05 
2 2 6 [  253 

+22,0] +25,0 
- P <o7o5 
204 [ 250 

-+17 I -+20  
P<O,O01 

320 311 
-+14 I -+17  

P<O,3  

359 351 
-+17,21 4-17,0 

P<O,3 

3 5 5 [  343 
-+9,0 I -+9,6 

P<O,02 
239 I 237 

+14,0 4-9,0 

330 I 330 
+25,0] +24,0 
%00 [ '497 
-+67 14-84 

P<O,O01 

nor-  hyper- 
mal tension 

168. 169 
k5,3 -+3,1 

37,0 42, 1 
_b2,5 +3,7  

P<0,01 
34,5] 39,4 
I-3,0 I +6,0 
- P < 0 , 0 5  

31,4 [ 35,2 
-+0,6 4-1,0 

P<O,O01 
32,6 I 38,1 

-+1,5 I -+3,0 
P<0,001 

8,0 7,09 
4-0.8 -+1,0 

14,6 15,1 
4-1,7 +1,4  

P<O_5 

14,7 I 15,4 
4- 1,761 4-1,26 

P<0 ,3  
_~1,3 [ 12,5 
1 , 0 [  •  

P<0 ,5  

32,01 33,0 
+5 ,01  +5,5 
-i10 I -go 

1+15,51 +21,5 
I-- P <0"~-001 

nor- hyper- 
real tension 

4,8 [ 4.9 
___0,68 4-0,43 

22,5 [ 25,5 
+2,0 [ -+1,9 

P<0,01 
20,0 20,8 

! 2 , 4  -+2,0 

15,8 16,3 
-+1,4 -+2,0 

P<0 ,5  
15,1 16,3 

-+2,6 -+2,6 
P < 0,5 

45,4 45,5 
-+2,2 4-2,5 

42,8 42,5 
_+1,2 +2,3 

41,7 41,8 
-+2,4 -+2,8 

28,2 28,7 
-+2,2 -+1,6 

31,0 31,0 
4-2,2 +1,0  
32,0 "30;0 

+3,0 ___2,2 
P<O,5 

nor- hyper- 
real tension 

121 123 
+4,0 4-3,7 

26,0 28, 4 
+1,8  4-3,1 

] -  P<O,1 
25,0 25,5 

__.2,1 -+2,7 

25,6 25,0 
-+t-2,4 -+__2,8 

23, 9 24,2 
-+t-1,6 4-2,0 

4,3 I 4,3 
_0,961 -+_.0,97 

t1,0 I 10,0 
___0,64[ • 

P<O,02 

11,1[ 9,8 
-+0,801 _+0,88 

P<O,02 
9,4 9,5 

+0,5 -t-1,4 

23,0 23,0 
4-2,4 +3,1 

195,0 69,.0 
[+21 +21 
-- P <O,-ff2 

Note. Water in grams, sodium, potassium, and chloride in milliequivalents (in tissues, 
per 100 g dry, defatted residue, in serum per liter). 

the total content of water was found in the left ventricle, and a decrease in the level of chlorides in the right and 
left ventricles, whereas the total sodium and potassium contents in the heart muscle were unchanged. The most 
marked changes in the total electrolyte and water contents were found in the vascular wall and the kidneys. In the 
vascular wall in all the investigated segments of the aorta and the carotid artery, an increase in the content of water 
and sodium was observed. The concentration of chloride remained essentially unchanged. The increase in the 
potassium concentration was statistically significant only in the arch of the aorta. In the kidneys changes were found 
only in the medulla; they took the form of a decrease in the water, sodium, and chloride contents whereas the po- 
tassium concentration remained within normal limits. In the kidney cortex the l ever  of potassium, sodium, chloride, 
and water were essentially indistinguishable from normal. 

The calculated data (Table 2) showed that in the heart, in both the right and left ventricles, the voIume of 
extracellular water and the extracellular sodium content fell whereas the intracellular water content and the intra- 
cellular sodium concentration rose. Since the total sodium content in the heart was unchanged these results demon- 
strate the transfer of sodium from the extracellular to the intracellular space. In the skeletal muscle no such changes 
were found. The potassium concentration in the intracellular and extracellular space remained unchanged both in 
the heart and in the skeletal muscle. 

Comparison between the results obtained and data in the literature showed that in dogs with experimental 
renal hypertension 6 months in duration, the changes in the electrolytes and water in the vascular wall were similar 
to those discovered in earlier stages of renal hypertension [12]. However, in the present experiment the increase in 
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the content of sodium and water in the aorta was less 
marked than in the experiments of Jones and co-workers 
[12], despite the fact that they investigated dogs in which 
an elevated arterial pressure had been observed for only 
4 weeks. In addition, no changes were found in the con-  
tent of water and electrolytes in the skeletal  muscle,  
whereas in a study by Eichelberger [8] it was found that 
in dogs with experimental  renal hypertension lasting a 
months, the content of extracellular water in the skeletal  
muscle  was increased by 65% and the total sodium and 
chloride leve l  was increased while the potassium leve l  
was decreased. 

These differences may perhaps be attributed to 
differences in the duration of the experimental  renal 
hypertension. The problem of the content of e lectro-  
lytes in the blood serum and the tissues in the late stages 
of renal hypertension has been inadequately studied, The 
only relevant reference which could be found in the 
literature was that to the work of Daniel and Dawkins [7], 
who reported that in the late stages of development of 
renal hypertension in rats, they were unable to find those 
changes in the e lectrolyte  composition in the aorta, 
skeletal  muscles,  and heart which are characteristic of 
the early stages of renal hypertension. 

S U M M A R Y  

The object of study was the content of sodium, po- 
tassium, chlorine, and water in the vesse l -wal l  (various 
parts of the aorta and carotid artery), the skeletal  muscle,  
the heart (right and left ventricles), the Iiver and the 
kidneys (cortical and cerebral layer) in 8 dogs with ex -  
perimental l iver hypertension caused by stenosis of the 
renal arteries and in 8 normal dogs. 

Six months after an operation of narrowing the 
lumen of the renal arteries there was an increase in the 
arterial pressure by 80 m m  Hg on the average. The 
blood serum, skeletal  muscle ,  tiver and cortical  layer of 
the kidneys were found to have no substantial difference 
in the content of electrolytes and water as compared to 
normal. In the vesse l -wal l  (in all parts of the aorta and 
in the carotid artery) one could observe an increase in 
the sodium and water leve l .  The potassium 1eve1 was 
significant only in the aortic arch. In the cerebral layer 
of the kidneys the water, sodium, and chlorine content 
drastically decreased, whereas the potassium content re-  
mained unchanged. The heart was found to have a de- 
crease in the l eve l  of extracellular water and transition 
of sodium from the extracellular into the intracel lu-  
lar space. 

1 .  

2, 
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