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The mechanisms of the hypotensive effect of portoeaval transposition were investigated in dogs 
with vasorenal hypertension. Directing blood flowing from the kidneys and adrenals into the 
liver in dogs with vasorenal hypertension was found to increase aldosterone metabolism and, 
at the same time, to increase aldosterone secretion by the adrenals, as a result of which the 
level of the steroid in the peripheral blood returned to normal. Abolition of the syndrome of 
secondary hyperaldosteronism by portocaval transposition of the vessels takes place on ac- 
count of increased aldosterone metabolism and leads to restoration of the normal arterial 
pressure. 
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Secondary hyperaldosteronism is an important link in the pathogenesis of arterial hypertension. The 
object of the present investigation was accordingly to study the possibility of reducing the increased aldoster- 
one concentration in the peripheral blood by stimulating its metabolism. It was postulated that this could be 
achieved by directing venous blood from the adrenals and kidneys into the blood flow of the liver, where com- 
ponents of the renirr-angiotensin-aldosterone system are metabolized. 

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

Exper iments  were ca r r i ed  out on noninbred dogs of both sexes, weighing 15-25 kg, and adapted to the ex-  
per imental  situation. The animals were given 70-90 meq sodium and 20-30 meq potassium daily with the diet 
and water ad lib. The model  of vasorenal  hypertension,  developing after  bi lateral  one-stage constr ict ion of 
the renal  a r t e r i e s  (CRA) was used. The animals of this group were studied weekly for 1 month. "Por ta l i za -  
tion" of blood draining from the kidneys and adrenals  was ca r r i ed  out by portocaval  t ransposit ion of the ves-  
sels (PCT) by the method descr ibed previously [1, 2]. The operation of PCT was ca r r i ed  out on intact, 
normotensive dogs (intact + PCT) and on animals with vasorenal  hypertension 14 days after bilateral  cons t r i c -  
tion of the renal  a r t e r i e s  (CRA + PCT), at a time when the ar te r ia l  p ressu re  was permanently increased.  The 
animals of both groups with PCT were investigated at intervals  for 2 months after this operation. The resul t s  
obtained by investigation of the intact animals and animals undergoing PCT were compared.  The blood p r e s -  
sure was measured  by a bloodless techoosci l lographic method on the Mingograph-34 (Sweden) apparatus. The 
plasma aldosterone concentrat ion and plasma renin activity (PRA) were determined by radtoimmunological  
methods [ 5, 7]. The metabolic c learance  and the rate of secre t ion of aldosterone were determined by the 
method of Tait et al. [81, using a single injection of [3Hlaldosterone (in dogs with CRA) and continuous infusion 
of [3H]aldosterone (in the animals of both groups with PCT). In dogs with PCT the infusion of the labeled 
hormone was given by two methods: by injection of aldosterone into the general  c i rcula t ion  and direct ly  into 
blood flowing into the liver. The last method enabled the true secret ion of aldosterone by the adrenals  and the 
coefficient of aldosterone extract ion by the liver could be calculated. [3H]Aldosterone was isolated by the 
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Fig .  1. E f f e c t  of PCT on m e a n  a r t e r i a l  p r e s s u r e  (1) and a l d o -  
s t e r o n e  c o n c e n t r a t i o n  (co lumns)  in p e r i p h e r a l  b lood of dogs  wi th  
v a s o r e n a l  h y p e r t e n s i o n  (CRA). A) Dogs  with  CRA; B) dogs  wi th  
CRA + PCT.  A b s c i s s a :  t ime  a f t e r  CRA (in weeks ) ;  o r d i n a t e :  on 
le f t  - a r t e r i a l  p r e s s u r e  (in m m  Hg), on r i g h t  - a l d o s t e r o n e  con -  
c e n t r a t i o n  (in ng %). Va lues  of M ~: m given.  

m e t h o d  of K l i m a n  and P e t e r s o n  [6] in the m o d i f i c a t i o n  d e s c r i b e d  in [ 3]. The  r a d i o a c t i v i t y  of the s a m p l e s  was  
d e t e r m i n e d  in 10 m l  of to luene  s c i n t i l l a t o r  on a M a r k  II s c i n t i l l a t i o n  c o u n t e r  (Nuc lea r  Ch icago ,  USA). 

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

B i l a t e r a l  CRA l e a d s  to a p e r m a n e n t  r i s e  of a r t e r i a l  p r e s s u r e  and of the a l d o s t e r o n e  l eve l  in the p e r i p h -  
e r a l  b l o o d  o f  dogs  (Fig .  1; T a b l e  1). The  PRA of t hese  a n i m a l s ,  a f t e r  be ing  r a i s e d  for  a s h o r t  t ime  (for 
1 week) ,  r e t u r n e d  to n o r m a l  (Tab le  1). No c h a n g e s  in the m e t a b o l i c  c l e a r a n c e  of a l d o s t e r o n e  w e r e  found 7-10 
d a y s  a f t e r  the CRA o p e r a t i o n :  28.8 =~ 2.6 and 29.3 ~: 3 . 1 m l ' k g - l . m i n  -1 in the c o n t r o l  and e x p e r i m e n t a l  s e r i e s ,  
r e s p e c t i v e l y  (n = 7). On the o t h e r  hand, the c a l c u l a t e d  v a l u e s  of s e c r e t i o n  of the h o r m o n e  d u r i n g  th is  p e r i o d  
d i f f e r e d  s i g n i f i c a n t l y :  3.2 • 0.2 n g . k g - l ' m i n  -1 in the c o n t r o l  and 7.7 ~= 0.9 n g - k g - l . m i n  -t in the e x p e r i m e n t a l  s e -  
r i e s  (n = 7; P < 0.05).  

P o r t a l i z a t i o n  of the venous  b lood f r o m  the k i d n e y s  and a d r e n a l s  in dogs  with a r t e r i a l  h y p e r t e n s i o n  c a u s e d  
r e s t o r a t i o n  of the n o r m a l  a r t e r i a l  p r e s s u r e  a f t e r  1-2 weeks .  Under  t hese  c i r c u m s t a n c e s  the p l a s m a  a l d o s t e r -  
one c o n c e n t r a t i o n  a l s o  f e l l  to n o r m a l  (F ig .  1; T a b l e  1). No change in PRA was  o b s e r v e d  in t hese  a n i m a l s  
(Tab le  1). Meanwhi l e  i t  was  found that  PCT both in in t ac t  dogs  and in a n i m a l s  with b i l a t e r a l  CRA c a u s e d  a 
s h a r p  (tenfold) i n c r e a s e  not  only  in the m e t a b o l i c  c l e a r a n c e  of a l d o s t e r o n e ,  but a l s o  in the r a t e  of i t s  s e c r e t i o n  
(Tab le  2). 

The r e s u l t s  s u g g e s t  that  n o r m a l i z a t i o n  of the a r t e r i a l  p r e s s u r e  in a n i m a l s  with v a s o r e n a l  h y p e r t e n s i o n  
as  the r e s u l t  of p o r t a l i z a t i o n  of b lood  d r a i n i n g  f r o m  the a d r e n a l s  l e a d s  to the abo l i t i on  of the s y n d r o m e  of 
s e c o n d a r y  a l d o s t e r o n i s m  th rough  the i n c r e a s e d  inact ivatLon of a l d o s t e r o n e  in the l i v e r .  At  the s a m e  t ime ,  the 
i m p r e s s i o n  is ob ta ined  that  the o p e r a t i o n  of PCT,  when c a r r i e d  out on in t ac t  dogs ,  does  not  a f fec t  the r a t e  of 
a l d o s t e r o n e  i n a c t i v a t i o n  in them,  for  the a l d o s t e r o n e  c o n c e n t r a t i o n  in the p e r i p h e r a l  b lood of these  dogs was 
unchanged  a f t e r  the o p e r a t i o n  (Tab le  1). However ,  as  Tab te  2 shows ,  the n o r m a l  a l d o s t e r o n e  l eve l  in dogs of 
both g r o u p s  with PCT was  due to a s i m u l t a n e o u s  and b a l a n c e d  i n c r e a s e  in m e t a b o l i c  c l e a r a n c e  and s e c r e t i o n  
of the h o r m o n e .  

In the a n i m a l s  wi th  s e c o n d a r y  h y p e r a l d o s t e r o n i s m  the high p l a s m a  a l d o s t e r o n e  l e v e l  was  due to the 
h ighe r  than n o r m a l  s e c r e t i o n  of the h o r m o n e  by the a d r e n a l s .  Af t e r  the o p e r a t i o n  of PCT these  d i f f e r e n c e s  in 
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T A B L E  1. E f f e c t  of PCT on A l d o s t e r o n e  

C o n c e n t r a t i o n  and P l a s m a  Ren in  A c t i v i t y  in 
In tac t  Dogs  and Dogs  with  B i l a t e r a l  CRA 

Experimental 
model 

Intact 

Intact + PCT 
CRA: 

7 days 
14 - 
21 ,, 
30 " 

CRA + PCT 

Aldosterone con- 
centration, ng % 

Plasma renin ac-  
tivity, ng. ml-!. h -I 

:M • m 

1,84• 

1,15+0,28 

15,5_1,5 43 

14,4+1,8 18 

29,0__+2,5* 13 
23,5+4,4" 
22,7~2,3" 8 
26,0~1,4" 7 
12.3+1,1 4 

4,26+0.60* 
1,64+0,48 
1,82+0,46 
2,10~0,64 
0,78+0,32 

38 

17 

13 
7 
8 
7 
8 

*Di f f e r ence  f rom c o n t r o l  ( in tact )  s t a t i s -  
t i c a l l y  s i g n i f i c a n t  (P < 0.05). 

T A B L E  2. E f f e c t  of PCT on M e t a b o l i c  
C l e a r a n c e  and Ra t e  of S e c r e t i o n  of A l d o -  
s t e r o n e  in in tac t  Dogs  and Dogs  with 
B i l a t e r a l  CRA 

Experimental 
model 

Intact (n = 22) 
Intact + PCT 
(n = 6) 

CRA + PCTS" (n = 2) 

~6 ~" IRate of aldol- 
o '~ �9 Isterone seem- 

O 4  1 ! [tion ng.kg- �9 

o : =  I . . . . . .  

38,0-1-2,1 8,76-1- t ,3 l 

374,5+98,1" 72,50--I-21,60" 
516,0" 65,0* 
606,0* 93,0" 

*Di f fe rence  f r o m  c o n t r o l  ( intact)  s t a t i s -  
t i c a l l y  s i g n i f i c a n t  (P < 0.001). 
SResu i t s  of i nd iv idua l  o b s e r v a t i o n s  m a d e  
on two dogs .  
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Fig .  2. C o r r e l a t i o n  be tween  PRA and r a t e  of a l d o s t e r o n e  s e c r e t i o n  in in t ac t  
dogs  (A) and in dogs  with PCT (B). A) y = 2 . 6 . x  + 1.4 (r  = 0.90; P < 0.001); 
B) y = 6 4 . 8 . x  +17 .5  (r = 0.98; P < 0 . 0 5 ) .  A b s c i s s a ,  PRA) in ng -ml - i . h - l ;  
o r d i n a t e ,  r a t e  of a l d o s t e r o n e  s e c r e t i o n  (in ng .min - tkg -1 ) .  

s e c r e t i o n  of the h o r m o n e  v i r t u a l l y  d i s a p p e a r e d  (Tab le  2), and the l eve l  of s e c r e t i o n  was  e s t a b l i s h e d  at  a new, 
i n c r e a s e d  l eve l ,  m a i n t a i n i n g  the n o r m a l  a l d o s t e r o n e  c o n c e n t r a t i o n  in the p l a s m a  as  the r e s u l t  of a s i m u l t a n e o u s  
s h a r p  i n c r e a s e  in the i n t e n s i t y  of a l d o s t e r o n e  m e t a b o l i s m .  The high s e c r e t i o n  of a l d o s t e r o n e  in a n i m a l s  wi th  
t r a n s p o s i t i o n  of the v e s s e l s  canno t  be due to a high s e c r e t i o n  of r en in ,  f o r  the p l a s m a  r e n i n  a c t i v i t y  in the dogs  
with PCT was  no h i g h e r  than in the c o n t r o l  (Tab le  1). However ,  a n a l y s i s  of r e l a t i o n s  be tw e e n  PRA and the 
r a t e  of a l d o s t e r o n e  s e c r e t i o n  showed that  the a d r e n a l s  of these  dogs  have high s e n s i t i v i t y  to a ng io t e ns in :  T h e  
c o e f f i c i e n t  of r e g r e s s i o n  a f t e r  PCT was  a l m o s t  25 t i m e s  h i g h e r  than n o r m a l l y  (Fig.  2) and, in addi t ion ,  in dogs  
wi th  PCT the b a s a l  r a t e  of a l d o s t e r o n e  s e c r e t i o n ,  c a l c u l a t e d  fo r  a PRA value  of ze ro ,  a l s o  was  i n c r e a s e d  (by 
13 t i m e s )  in the dogs  with PCT (F ig .  2). Th i s  i n d i c a t e s  that  in a n i m a l s  wi th  t r a n s p o s i t i o n  of the v e s s e l s ,  b e -  
s i d e s  r en in ,  o the r  f a c t o r s  inc lud ing  p o s s i b l y  ACT p a r t i c i p a t e  in the r e g u l a t i o n  of a l d o s t e r o n e  s e c r e t i o n .  
P o r t a l i z a t i o n  of a d r e n a l  venous  b lood in fac t  l e a d s  to i n c r e a s e d  i n a c t i v a t i o n  not  only of a l d o s t e r o n e ,  but  a l s o  of 
g l u c o c o r t i c o i d s  in the l i v e r  [2] .  The r e d u c t i o n  in the blood g l u c o c o r t i c o i d  c o n c e n t r a t i o n  mus t ,  in tt~rn, l ead  
to an i n c r e a s e  in ACTH s e c r e t i o n  by a n e g a t i v e  f e e d b a c k  m e c h a n i s m .  A m o r p h o l o g i c a l  s tudy  of the a d r e n a l s  
in dogs  with PCT r e v e a l e d  h y p e r p l a s i a  of a l l  t h r e e  zones  of the a d r e n a l  c o r t e x  [2]. 

It is  a l s o  i n t e r e s t i n g  to note that ,  d e s p i t e  th is  m a r k e d  i n c r e a s e  in a l d o s t e r o n e  s e c r e t i o n  in a n i m a l s  with 
t r a n s p o s i t i o n  of the v e s s e l s ,  the l i v e r  i s  ab le  e f f e c t i v e l y  to i n a c t i v a t e  the h o r m o n e  r e a c h i n g  i t  f r o m  the 
a d r e n a l s ,  a l though it is  p r e s e n t  in 10 t i m e s  m o r e  than the n o r m a l  amount .  The va lue  of the coe f f i c i en t  of 
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extract ion of aldosterone from blood pass ing through the liver is 0.81 in the animals with PCT, corresponding 
to the level of extract ion of aldosterone in the liver of intact dogs [4]. Consequently, under conditions of 
portocaval  t ransposi t ion of the vesse l s  the enormous  metabolic capacity of the liver shows itself. 

After portocaval  t ransposit ion of the vesse ls  there is thus an increase in the metabolic clearance of 
aldosterone and, at the same time, a balanced increase  in secret ion of the hormone by the adrenals.  This 
correspondence  between the metabol ism and secre t ion of aldosterone i~1 PCT leads to a reduction in the aldo- 
s terone concentrat ion in the per ipheral  blood and, accordingly,  to res tora t ion  of the normal  blood p ressu re  in 
animals with vasorenal  hypertension caused by bilateral  CRA. The resul ts  of these experiments,  in the 
wr i te rs '  view, are of considerably clinical  importance:  Instead of the total adrenalectomy as performed for 
malignant hypertension, an operation based on the principle of "portalization" of blood f rom the kidneys and 
adrenals  can be used. 

1. 

2. 

3. 
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P H O S P H O I N O S I T I D E  C O N T E N T  IN E R Y T H R O C Y T E  

M E M B R A N E S  OF R A T S  W I T H  S P O N T A N E O U S  

H Y P E R T E N S I O N  

P.  V. G u l a k ,  G. M. B o r i s k i n a ,  
a n d  Yu.  V. P o s t n o v  

UDC 616.12-008.331.1:591.1.05 

The content of triphosphoinositides (TPI) and monophosphoinositides (MPI) per milligram of 
membrane protein in ghost erythrocytes of rats with spontaneous hypertension (SHR) is 178 
and 74%, respectively, of the content of these lipids in ghost erythrocytes of normotensive rats 
(NR). The total phosphoinositide content in ghost erythrocytes of NR is more than 120% of the 
total content of these lipids in ghost erythrocytes of SHR. 

KEY WORDS: spontaneous hypertension; erythrocytes; phosphoinositides. 

The difference in the permeabi l i ty  of e ry throcy tes  of SHR and normotensive Wistar ra ts  in their pe rmea -  
bility to monovalent cations Na + and K § discovered previously [7],  conforms with the hypothesis of spontane- 
ous hypertension as a disease of cell membranes  [1]. Investigation of the molecular  mechanisms of abnormal 
permeabi l i ty  of the e ry throcyte  membranes  of ra t s  with spontaneous hypertension was undertaken in order  to 
study the biochemical  manifestat ions of this pathology. 
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