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In spontaneously hyper tens ive  r a t s  [1, 5], just  as in pat ients  with essent ia l  hypertension,  the abil i ty of 
the blood p ia te le t s  to aggregate  is increased .  Changes in aggregat ion in these f o r m s  of pathology are  a s so c i -  
ated with d is turbance  of Ca ++ t r a n s p o r t  in the p ia te le t s  [1, 11], and in turn, this  is r ega rded  as the r e su l t  of 
par t i a l  depolar iza t ion  of the p la te le t  p l a s m a  m e m b r a n e  in p r i m a r y  hyper tens ion [1]. However,  it is not yet  
c l ea r  how specif ic  is this  lowering of the p la te le t  m e m b r a n e  potential  for  p r i m a r y  hyper tension,  nor has  the 
concre te  m e c h a n i s m  of this d is turbance  been explained. 

The a im of this  investigation was to study these  p rob lems .  

EXPERIMENTAL METHOD 

The pla te le t  m e m b r a n e  potential  in r a t s  with spontaneous,  renal ,  and DOCA-sal t  hyper tens ion  was stud- 
ied with the aid of the f luorescen t  dye 3 ,3 ' -d ipropyl th iad icarbocyanine  iodide [dig-C3-(5)]. Since Na, K - A T P a s e  
may  be involved in the mechan i sm of the m e m b r a n e  potential  change, the e lec t rogenic  component  of the po- 
tential ,  c r ea sed  by Na, K - A T P a s e ,  was investigated.  

Expe r imen t s  were  c a r r i e d  out on r a t s  aged 12-18 weeks,  weighing 220-250 g, with the following types  of 
hyper tens ion:  1) spontaneous genetic hypertension.  Male spontaneously hyper tens ive  r a t s  (SHR strain)  with a 
blood p r e s s u r e  (BP) of 190:~5 m m  Hg were  used. The control  consis ted  of inbred male  normotens ive  Kyoto- 
Wis t a r  r a t s  (s t ra in  WKY) with BP of 120~7 m m  Hg; 2) DOCA-sal t  hyper tension.  Hyper tens ion  was produced 
in inbred male  WKY r a t s  by uni la tera l  nephrec tomy,  a f te r  which 50 mg DOCA in powder fo rm (two inject ions of 
25 rag, with an interval  of 10 days) was injected subcutaneously.  The duration of hyper tens ion  f rom the t ime  
of its onset  was  8 weeks;  3) renal  hyper tension.  Hyper tens ion  was  produced in male  WI4Y r a t s  by cons t r ic t ing  
the left renal  a r t e r y  with a n ichrome wire  coil ( internal  d i a m e t e r  of the coil 0.32 rnm). The r ight  kidney was 
left  intact. The duration of hyper tens ion  f rom the t ime  of i ts  onset  was  8 weeks;  4) r a t s  of the Milan hyper -  
tensive  MHB strain.  The control  for  these  an imals  consis ted  of r a t s  of the Milan normotens ive  s t ra in  (MNR). 
Systolic p r e s s u r e  was m e a s u r e d  in the caudal a r t e r y  once e v e r y  10 days  by p le thysmography,  using the MPP-3  
p le thysmograph ic  a t tachment  (Hitachi, Japan);  the p l e t h y s m o g r a m s  and p r e s s u r e  in the cuff were  recorded  on 
a polygraph.  
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TABLE 1. Basal  Ptatelet  Transmembrane  Po- 
tential in Rats with Various F o r m s  of Hyperten- 
sion (20~ 

l Basal level of 
' "~ Iplatelet trans- 

Type of hypertension ~ /membrane po_ 
/ ent al. 

Control 10 --49• 

Spontaneous (SHR) 
DO CA- salt 
Renal 
Spontaneous (MHB) 

14 
12 
12 
12 

--36• 
--46• 
--47• 
--45• 

Legend. Composition of incubation medium (in 
mM): NaCI 140, CaCI 2 0.01, MgCI 2 1, glucose 5, 
H E P E S - T r i s  20, pH 7.4. *P < 0.03 compared 
with control.  

a 
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3O 

2O 
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Fig. 1. Effect of ouaba[n on platelet t r ansmem-  
brane potential: at without ouabain, b) with 0.5 
mM ouabain. A r r o w -  addition of 5 mM KCI. In- 
cubation medium: 20 mM HEPES--Tris (pH 7.4), 
125 mM NaCI, 1 mM MgC12, 0.01 mMCaCI2, 5mM 
glucose. Vertical  axis on l e f t -  intensity of flu- 
o rescence  (in relat ive units); on r i g h t -  membrane  
potential (in mV). 

Pla te le ts  were obtained f rom plasma (1 ml of 3% sodium ci t ra te  + 9 ml plasma) by purification on a 35% 
albumin gradient,  followed by washing twice with medium of the following composition (in raN): NaCI 135, 
K2HPO 4 4.3, KH2PO 4 25.4, sodium ci t ra te  10, EDTA 0.1, glucose 5.5 (pH 6.57. Alt operat ions during isolation 
were conducted at room tempera ture .  

The t r ansmembrane  potential of the platelet  p lasma membrane  was recorded with the aid of the f luores-  
cent dye- d[S-C3(5). P la te le ts  ( 4 . 1 0 L 6 . 1 0  ~) and 0.5 pmole of diS--C3-(5) were added to 2 m[ of incubation me-  
dium. The intensity of f luorescence  was determined on the N P F - 4  spec t rof luorometer  (Hitachi). The excita- 
tion and f luorescence wavelengths were 658 and 676 nm respect ively,  with monochromator  slits of I and 12 nm. 

The membrane  potential was calculated by Nerns t ' s  equation based on the zero point for valinomycin [9]. 
Values of Na, K-ATPase  activity were est imated by the use of calibration curves  [2]. 

EXPERIMENTAL RESULTS 

Values of the basal platelet  t r ansmembrane  potential of ra ts  with different fo rms  of hypertension are  
given in Table 1. They show that, apart  f rom SHR platelets,  whose membrane  potential was reduced by 12-14 
mV, in all other fo rms  of renal  or  DOCA-salt  hypertension and also in NHB rats,  no change in e lec t r ica l  po- 
tential of the platelet p lasma membrane  was observed.  What is the reason for  the change in membrane  poten- 
tial of the platelets of SHR r a t s ?  One of the mechan i sms  of maintenance of ionic gradients  and, cor respond-  
ingly, of e lec t r ica l  polar izat ion of the p lasma membrane  of a cell is energy-dependent  t ranspor t  of N + and Na + 
by means  of Na, K-act ivated ouabain-dependent adenosine tr iphosphatase (Na, K-ATPase) .  
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Fig. 2. Contribution of electrogenic component 
to t r ansmembrane  potential of platelets.  1) WKY 
rats;  2) SHR rats.  Shaded par t  of column tndi- 
eates  electrogenie component. Incubation medi-  
um the same as in Fig. 1. Vertical  a x i s -  mem-  
brane potential (in mV). 

Fig. 3. Dependence of activity of eleetrogenic 
Na, K-pump of platelets  on potassium eoneentra-  
lion in incubation medium: 1) WKY rats,  2)SHB 
rats.  !neubation medium the same as in Fig. 1. 
Abscissa,  KC1 concentration (in raM); ordinate, 
intensity of f luorescence (in percent).  

The presence  of Na, K-ATPase  [n the platelet  p lasma membrane was demonstra ted previously both bio- 
chemical ly  and morphological ly  [4, 10]. We know that platelet Na, K-ATPase ,  as in e lec t r ica l ly  excitable 
t issues,  is not e lec t r ica l ly  neutral, and that by its activity it genera tes  an e lect r ical  potential. It has been 
shown with the aid of a f luorescent  diS-Ca-(5) probe that the contribution of the Na-pump to the rest ing poten- 
tial in human platelets  is about 15 mV [9]. Investigation of activity of ouabain-sensi t tve Na, K-ATPase  in rat  
platelets  showed that on addition of increasing KCI concentrat ions (K0 A up to 4-6 raM) to po tass ium-f ree  me-  
dium the intensity of f luorescence of diS-Ca-(5) falls. This cor responds  to hyperpolar izat ion of the p lasma 
membrane  by 10-12 mV. Ouabain tn a dose of 0.5 mM completely inhibited hyperpoIar tzat ion induced by NC1 
(Fig. 1). It can be concluded f rom these resu l t s  that the Na, K-ATPase  of rat  platelets  [s electrogenic.  Com- 
par ison of the contribution of the eIectrogente component to the platelet  membrane  potential of 8HR ra ts  with 
that in the control shows that its value in platelets  of SHR ra ts  was greater ,  namely 18-20 mV (Fig. 2)~ 

Not only the eleetrogenici ty  of the Na, K-pump, but also the associat ion constant (!40. 5) of activation of 
Na, K-ATPase  by potassium in the external medium was changed in piatelets  of SHR ra t s  (Fig. 3). The value 
of K0. 5 for plateIets  of SHR and W-KY ra ts  was 0.84 and 0.52 mM respect ively.  Complete activation of the 
pump for animals of the same groups occur red  at a K + concentration of 4.2-~0.3 and 3.1~0.2 mN respec-  
t ively (P < 0.03) 

In the other  fo rms  of hypertension studied no difference was observed in e lectrogenici ty  of ouabin-sen-  
strive Na, K-ATPase .  

The basal potential of muscle ceils of the g rea te r  caudal and l e s se r  cerebra l  a r t e r i e s  of SHR ra t s  is 
known to be 7-12 mV lower than in the control. This disturbance is compensated by g rea t e r  Na, g - A T P a s e  
activity in the smooth-muscle  cells  of the vessel  wall [7, 8]. Essent ial ly  s imi lar  d is turbances  of membrane  
potential were found in the present  investigation in the platelets  of SHR rats,  evidence that this type of mere- 
brane disturbance is widespread ta the t i ssues  in this form of hypertension. Differences discovered in the ac- 
tivation constant of Na, IZ-ATPase [n SH1R ra ts  are  evidence of the g rea te r  lability of this enzyme than in con- 
trol  rats.  It can be tentatively suggested that any inhibition of ATPase  and, in par t icular ,  that recent ly  found 
in these ra t s  due to Na, K-ATPase  inhibitors [6], or  a change in the plasma potass ium concentration,  must  be 
reflected regular ly  in the value of the platelet t r ansmembrane  potential, and cause [t to decrease .  

Thus the t r ansmembrane  potential level in platelets,  just  as in excitable t i ssues  (muscle and nerve [3]), 
is determined by the ra tes  of diffusion of ions through the p lasma membrane  and by eleetrogenic aetivity of 
Na, K-ATPase .  Both components of the membrane  potential are changed in ra t s  with spontaneous hypertension. 
This defect is not found in other fo rms  of hypertension, which demonst ra tes  the profound difference between 
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the pa thogenes is  of spontaneous hyper tens ion  in r a t s  (the analog of human essent ia l  hypertension)  and that of 
renal  and DOCA-sal t  hyper tens ion,  and also of the genet ica l ly  de te rmined  hyper tens ion of r a t s  of the Milan 
s t rain,  whose pa thogenes is  is [inked with p r i m a r y  d i s tu rbances  in the kidney. The enhanced e lec t rogen ie i ty ,  
of the Na, K-pump of exci table t i s sues  and p la te le t s  can be regarded  as a compensa to ry  reac t ion  of the ceil  
to a fall  of the basa l  potential.  
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