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SOME PATHOGENETIC FACTORS IN EXPERIMENTAL 
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The concentra t ions  of cyclic nucleotides (AMP andGMP) in the blood plasma,  urine,  and t i ssues ,  
and morphological  changes in the blood vesse l  walls of the kidneys were  studied in ra ts  with a r -  
t e r i a l  hyper tens ion  induced by chronic  inhibition of prostaglandin synthesis .  Considerable  thick-  
ening of the walls of the inter lobular  and arcuate  a r t e r i e s  and marked cons t r ic t ion  of the lumen, 
mainly on account of hyper t rophy and swelling of smooth-musc le  cel ls ,  were  observed.  Mean- 
while the cycl ic  GMP concentrat ion was increased,  the cyclic AMP level lowered, and the cyclic 
A M P / c y c l i c  GMP rat io  reduced in the biological  fluids. It is suggested that changes in the me-  
tabol ism of the cycl ic  nucleotides are  connected with organic  and functional changes in the pe-  
r iphera l  vascu la r  sys tem which lie at the basis  of the increased  genera l  vascu la r  res i s tance  
associa ted with a r t e r i a l  hyper tension.  KEY WORDS: indomethacine; prostaglandin; cyclic nuc- 
leotides; smooth-musc le  cells;  a r t e r i a l  hyper tens ion.  

In a paper  published previously  two fo rms  of a r t e r i a l  hyper tens ion  (AH) were  descr ibed  in ra ts  following 
adminis t ra t ion  of indomethacine,  an inhibitor of prostaglandin (PG) synthesis ,  af ter  unilateral  nephrectomy or  
sal t  loading [1]. The ant ihypertensive effect  of 1~ may be connected with the i r  local action at the level  of/~he 
pe r iphe ra l  vascu la r  sys tem,  changes in which a re  cha rac te r i s t i c  of all fo rms  of AH. It has been shown that 
I ~  counterac ts  the va socons t r i c to r  effect  of the p r e s s o r  hormones  and blocks the sec re t ion  of catecholamines  
by nerve  endings [6, 7]. 

The ul t imate physiological  action of 1:~ in the t i ssue  and, in par t icu la r ,  in the smooth-musc le  cel ls  of 
the blood vesse l s  is mediated through a sys tem of cycl ic  nucleotides [3]. It has been shown that cyclic AMP 
has a marked  re laxant  effect ,  and cycl ic  GMP a vasocons t r i c to r  action [3, 5, 9]. It is also interest ing to note 
that cycl ic  nucleotides have opposite effects  on pro te in  synthesis  and on cell  p ro l i fe ra t ion  in ce r ta in  t i ssues  
[2, 4]. 

The object  of this invest igat ion was to compare  the cycl ic  AMP and GMP levels in biological  fluids and 
t i ssues  with the morphological  state of the per iphera l  vesse l s  in ra t s  against the background of chronic  inhibi- 
t ion of PG synthesis .  
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Fig. 1. Inner medullary layer  of the kid- 
neys and interst i t ial  cells in ra ts  of group 
1 (a) comparedwi th  control  (b). Stained 
with azure-2  and methylene blue, 1025x. 

Fig. 2. Histological analysis of renal  a r t e -  
r ies  in ra ts  of group 1: a) interlobular and 
a r c u a ~  a r t e ry  of kidney (420 • b) in te r -  
lobular a r t e ry  of kidney. Hematoxylin- 
eosin, 520x. 

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

Experiments  were ca r r i ed  out on 56 male Wistar  ra ts  divided into the following groups:  1) 20 ra ts  r e -  
ceiving 1% NaC1 combined with daily adminis t rat ion of indomethacine in a dose of 2 rng/kg,  2) 15 rats  rece iv-  
ing indomethacine af ter  unilateral  nephrectomy, 3) 10 control ra ts  receiving saline to drink, 4) 6 nephrecto-  
mized rats ,  and 5) 6 intact ra ts .  The duration of the experiment  was six weeks. After decapitation ofthe ani- 

"reals' pteees o fk idney t i s sue  were  fixed in 10% neutral  formal in  and embedded in paraffin wax. Histological 
sections were stained with hematoxylin-eosin,  orcein,  and by the PAS method. The t issues  of the renal  cor tex 
and meduIla were  prefixed in 5% glutaraldehyde and then fixed in 1% OsO4, and then embedded in a mixture of 

TABLE 1. Concentrat ions of Cyclic Nucleotides in Blood of Control and Ex- 
per imenta l  Rats (M • m) 

Cyclic AMP, Cyclic,  GMP, Cyclic AMP/ 
Grou p of animals pmoles/ml pmoles/ml cyclic.GMP 

1 
Indomethacine 2 mg/kg § 1% NaC1 to 
drink 2 
Unilateral! nephrectomy + indomethacine 

3 
1% NaC1 to drink 

4 
Unilateral nepbxectomy 

5 
Intact animals 

23,2 ~- 2,4 
P1_5~0,05 

7,2-- 1,4 
P2_4,~0,001 

43,0~-2,36 
Ps_s<0,05 

22,5---3,6 

33,1--2,06 

11 ,6•  1,52 
P1_5~0,001 

5,2----- 1,3 

6,5 + 1,14 

6,0• 

4,2• 0,83 

2,45--0,54 
PI_5<Q,00I 

1,5-----0,5 
P2_4<0,05 

8,2~0,67 

3,7~0,7 
P3_5~0,01 

9,5~1,4 
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Fig. 3. Concentra t ion  of cycl ic  nucleotides 
in t i s sues  of intact  and uni la te ra l ly  nephrec -  
tomized  ra t s .  a) Kidney; b) aor ta .  I) Cyclic 
AMP; II) cycl ic  GMP; III) cycl ic  A M P / c y c l i c  
GMP. Unshaded columns r e p r e s e n t  intact  
an imals ,  shaded columns six weeks a f t e r  uni- 
l a te ra l  nephrec tomy.  Ordinate:  left, concen-  
t ra t ion  of cycl ic  nucleotides (in p m o l e s / m g  
protein);  r ight,  cycl ic  A M P / c y c l i c  GMP rat io .  

Epon and Araldi te .  Semithin sect ions were  Stained with azure-2  and methylene blue to study the rena l  medul la .  
The concentra t ions  of cycl ic  nucleotides in the blood p la sma ,  urine,  and t i s sues  were  de te rmined  by a rad io-  
immunologica l  method, using kits  f r o m  the Radiochemical  Centre ,  A m e r s h a m ,  England. 

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

Toward the end of the exper imen t  the a r t e r i a l  p r e s s u r e  was r a i sed  on the ave r age  to twice its no rmal  
height  in 10 of the 20 r a t s  of group 1 and in 9 of the 15 r a t s  of group 2. The kidneys of the an imals  of group 1 
were  en la rged  c o m p a r e d  with those of the r a t s  of groups  5 and 3. The ra t io  be tween the  weight of the kidney 
and the body weight of the animal ,  for  instance,  was 3.7 in the r a t s  of groups  1 and 2, comparedwi th3 .2  in the 
r a t s  of group 3 and 3.0 in those of group 5 (P < 0.01). His to logical  examinat ion  of the kidneys of these  an imals  
r evea led  marked  hyper t rophy  of the epi thel ium of the d is ta l  tubules,  espec ia l ly  of the ascending l imb of Henle ' s  
loop and the col lect ing tubules,  as well  as m a r ked  hyper t rophy  and hype rp l a s i a  of the in te rs t i t i a l  ce l ls  of the 
medul la  (Fig. 1). In some  g lomeru l i  focal  thickening of the b a s e m e n t  m e m b r a n e  and s c l e r o s i s  and thickening 
of the m e s a n g i u m  were  observed .  Cons iderable  changes were  found in the in t ra rena l  v a s c u l a r  sys t em.  The 
a r t e r i a l  wal ls  we re  cons iderably  thickened with m a r k e d  nar rowing of the i r  lumen (Fig. 2a). Hyper t rophy  of 
the s m o o t h - m u s c l e  cel ls  of the tunica media ,  with h y p e r c h r o m a s i a  and p o l y m o r p h i s m  of the nuclei  we re  found. 
The cy top lasm of the s m o o t h - m u s c l e  cel ls  we re  swol lenand vacuola ted  (Fig. 2b). In the kidneys of the an imals  
of group 2, bes ides  m a rked  hyper t rophy  of all  pa r t s  of the nephron, cons iderable  sc le ro t i c  changes in the m e s -  
angium were  found in some g lomeru l i ,  with p e r i g l o m e r u l a r  s c l e r o s i s  around them.  Changes in the in t ra rena l  
v e s s e l s  were  s i m i l a r  in c h a r a c t e r  to those in the kidneys of the r a t s  of group 1. The changes desc r ibed  above 
in the blood v e s s e l s  of the kidneys were  obse rved  only in an ima l s  with AH; in expe r imen ta l  r a t s  whose a r t e r i a l  
p r e s s u r e  r ema ined  normal ,  no changes were  obse rved  in the v a s c u l a r  sys t em.  

Invest igat ion of cycl ic  nucleotides in the blood of the an imals  gave the following resu l t  (Table 1). In r a t s  
rece iv ing  only a sa l ine  dr ink (group 3) the cycl ic  AMP concent ra t ion  was r a i s ed  and the cycl ic  GMP level  r e -  
mained re la t ive ly  s table .  The cycl ic  A M P / c y c l i c  GMP ra t io  r ema ined  substant ia l ly  unchanged. Admin i s t r a -  
t ion of indomethacine to the an imals  rece iv ing  sal t  (group 1) caused  a m a r k e d  inc rease  in the cycl ic  GMP con- 
centrat ion,  and this was re f lec ted  in a sha rp  d e c r e a s e  in the cycl ic  A M P / c y c l i c  GMP rat io .  The concentra t ion 
of cycl ic  AMP in the blood of the an imals  with uni la teral  nephrec tomy (group 4) was significantly reduced,  
whe rea s  that of cycl ic  GMP was inc reased  a little compa red  with intact  r a t s .  Adminis t ra t ion  of indomethacine 
to the nephrec tomized  an imals  (group 2) led to an even g r e a t e r  d e c r e a s e  in the blood level  of cycl ic  AMP and 
a cons iderab le  d e c r e a s e  in the cycl ic  A M P / c y c l i c  GMP rat io .  
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Changes of a similar  character  were observed in the levels of the cyclic nucleotides in the urine of the 
experimental animals also. In intact rats the cyclic AMP/cycl ic  GMP ratio was 5.12 ~- 0.61; in rats receiving 
NaC1 to drink it was 4.67 • 0.72, whereas in hypertensive animals receiving salt and indomethacine it fell to 
2.46 =e 0.44 (P < 0.05). The concentration of cyclic nucleotides in the biological fluids is known to reflect  
changes in their metabolism in the tissues and, in particular,  in the renal vascular system. Investigation of 
concentrations of these nucleotides in the tissues of the kidney and aorta of the control and nephrectomized 
rats shows a marked decrease in the cyclic AMP concentration and an increase in cyclic GMP in animals with 
one kidney compared with intact rats (Fig. 3). 

The models of AH in rats described above are thus character ized by marked proliferation and hypertro-  
phy of the smooth-muscle cells of'the vessel  walls and also by a considerable increase in the cyclic GMP con- 
centration in the body and an accompanying decrease in cyclic AMP. Cyclic GMP is known to stimulate cell 
proliferation, whereas cyclic AMP inhibits it [4, 5]. This state of affairs is also confirmed by the increase in 
the cyclic GMP concentration discovered in the hypertrophied solitary kidney in rats.  Similar results have 
been obtained by other workers studying cyclic nucleotide metabolism in the residual kidney af ternephrectomy 
[8]. An absolute and relative (compared with cyclic AMP) increase in the cyclic GMP concentration inthe body 
may lead to depression of the sodium pump andthereby bring about hypernatriemia and hyperhydration of the 
t issues,  as well as an inc rease  in the  sensit ivity~ofthevessel walls to the action of vasoconstr ictors [3]. Dis- 
turbances of metabolism found in the vascularwall  changed the ratio of wall to lumen and, if generalized, was 
an increase in the peripheral  resistance.  

It can be concluded from analysis of the results  that functional and morphological changes arising in the 
peripheral  vascular  system of animals with the forms of ar ter ia l  hypertension studied are directly connected 
with a disturbance of cyclic nucleotide metabolism. 

l j  
2. 
3. 
4. 
5. 
6. 
7. 
8. 

L I T E R A T U R E  C I T E D  

R. I. Sokolova, A. M. Vikhert, A. A. Nekrasova, et al., Kardiologiya, No. 9, 41 (1977). 
N. A. Fedorov, Usp. Sovrem. Biol., 79, No. 2, 225 (1975). 
M. E. Amer, Life Sci., 17, 1021 (1975). 
T. Diamantsteinand A. Ulmer, Immunology, 28, 113 (1975). 
C. W. Abell and T. Monahan, J. Cell Biol., 59, 549 (1973). 
J. C. McGiff and J. R. Vane, Kidney Int., 8, 5 (1975). 
J. C. McGiff, K. U. Malik, and O. A. Terraguo, Fed. Proc. ,  35, 2382 (1976). 
D. Schlondorff and H. Weber, Proc.  Nat. Acad. Sci. USA, 72, 524 (1976). 

1002 


