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The a r t e r i a l  p r e s s u r e ,  ca rd iac  output, to ta l  p e r i p h e r a l  r e s i s t ance ,  and hear t  ra te  were  
studied in expe r imen t s  on puppies aged 18-22 days and 2-3 months  and on adult dogs r e -  
ceiving injections of synthetic angiotensin I I - amide  in a dose of 2 pg /kg  body weight /min .  
Elevat ion of the a r t e r i a l  p r e s s u r e  in the adult dogs as a resu l t  of the action of angiotensin 
was due to an inc rease  in the to ta l  pe r iphe ra l  r e s i s t ance ,  but in puppies it was due to an 
inc rease  both in the to ta l  p e r i p h e r a l  r e s i s t a n c e  and in the card iac  output. 

KEY WORDS: hemodynamics ;  ca rd iac  output; angiotensin;  age reac t iv i ty .  

Angiotensin,  when injected into the blood s t r e a m ,  is known to inc rease  the to ta l  pe r iphe ra l  r e s i s t ance  
and the sys t emic  a r t e r i a l  p r e s s u r e .  Most worke r s  have found a reduct ion in the minute blood volume under  
these  c i r c u m s t a n c e s  [2, 10-12]. Meanwhile,  if the expe r imen t s  a re  c a r r i e d  out with the hear t  isolated,  a 
d i rec t  posi t ive inotropic and chronotropic  effect  of angiotensin is found on the myoca rd ium [4, 6, 9]. This  
effect  of angiotensin is evidently not mani fes ted  in the intact  an imal  because  of the development  of var ious  
adaptive r e sponses  to an inc rease  in the v a s c u l a r  r e s i s t ance .  

In the invest igat ion descr ibed  below the hemodynamic  ef fec ts  of angiotensin were  accordingly  studied 
in expe r imen t s  on an imals  of  different  ages  in which the m e c h a n i s m s  of regulat ion of the c a r d i o v a s c u l a r  
s y s t em are  qual i ta t ively different  and imper fec t .  

EXPERIMENTAL METHOD 

Exper imen t s  were  c a r r i e d  out on puppies aged 18-22 days and 2-3 months and on adult dogs (6 an imals  
in each  group). Synthetic angiotensin I I - amide  (a product  of  the expe r imen ta l  fac tory  of the Inst i tute of 
Organic  Synthesis of the Latvian  SSR) was injected through a f luoroplas t  ca the te r  into the f emora l  vein in 
a dose of 2 /zg /kg /min .  The a r t e r i a l  blood p r e s s u r e  (BP) was r eco rded  in the f e m o r a l  a r t e r y  by a m e r c u r y  
m a n o m e t e r .  The minute (MV) and sys to l ic  (SV) blood volumes  were  de te rmined  by the thermodi lu t ion  
method [3] with synchronous record ing  of the ECG. All opera t ive  manipulat ions were  c a r r i e d  out under  
local  procaine anes thes ia .  In control  expe r imen t s  (two an imals  in each  age group) the cor responding  volume 
of physiological  sal ine was injected.  

EXPERIMENTAL RESULTS AND DISCUSSION 

In all an imals  injection of angiotensin II caused e levat ion of the BP; the amount of the r i se  of p r e s s u r e  
was a l i t t le g r e a t e r  in the puppies aged 18-22 days.  Hemodynamic  changes in the adult dogs cor responded  
to those desc r ibed  in the l i t e ra tu re  and cons is ted  of a ma rked  inc rease  of  to ta l  p e r i p h e r a l  r e s i s t ance  (TPR) 
and a dec rea se  in MV and SV (Table 1). The minute and s t roke  work of the left vent r ic le  were  reduced c o r -  
respondingly.  The BP re turned  to no rm a l  5 min a f t e r  injection of the p repa ra t ion  as a resu l t  of a sharp  
dec rea se  in MV and SV, t achycard ia  developed,  but the TPR rema ined  higher  than init ially as before .  
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TABLE i .  Changes  in  Sys temic  H e m o d y n a m i c s  u n d e r  the Inf luence  
of Ang io t ens in  II in Adult  Dogs (M+m)  

During injection 5 min after 
Index studied Background of angiotensin injection 

VP (in mm Hg) 
P 

Heart rate (in beats/rain) 
P 

MV (in rnI/min) 
P 

Cardiac index 
(in liters/mZ �9 min) 

P 
SV (in ml) 

P 
Systolic index 

(in ml/m~) . 
P 

TPR (in dynes, sec " cm -s) 
P 

Specific TPR 
(in dynes' sec" m 2" crn -s) 

P 
Work index of_left ventricle 

(in kg" rn/m z) 
P 

Stroke work index of left 
ventricle 
(in g" m/m 2) 

P 

160,66~ 4,23 

104,00-~ 9,34 

1 812,24• 

1,06-+0,02 

16,06----- O, 55 

10,05• 

7 301,50• 124,13 

12 329,57-----387,33 

2,33-+ 0,06 

22,01~ 1,58 

185,00m4,67 
<0,01 

115,60-----9,22 
>0,1 

1 444,44• 
<0,01 

0,89-+0,001 
<0,01 

12,42m0,68 
<0,01 

8,86-+0,67 
>0,1 

10 200,64m217,82 
<0,001 

16 977,73• 
<0,001 

2,23~0,09 
>0,1 

20,94-'- 1,28 
>0,5 

158,00+3,67 
>0,5 

142,50~ 12,66 
<0,05 

1 228,95-+ 130,63 
<0,01 

0,77• 
<0,001 

8,59------0,52 
<0,001 

5,46-----0,34 
<0,01 

9 687,76----- 682,22 
<0,01 

17 119,59• 
<0,001 

1,58• 
>0,001 

11,31---+0,44 
dO,O01 

Changes  in Sys temic  H e m o d y n a m i c s  u n d e r  the In f lu -  TABLE 2. 
ence  of Ang io tens in  II in P u p p i e s  Aged 2-3 Months 

During injection 5 rain after 
Index studied Background of angiotensin injection 

98,86• 4,18 

147,43---+ 1,79 

384,36• 14, 54 

125,66-4-2,49 
<0,001 

159,42~2,88 
<0,01 

487,43--+24,78 

VP (in mm Hg) 
P 

Heart rate (in beats/rain) 
P 

MV (in ml/min) 

96,66---+3,36 
>0,5 

159,50----- 1,98 
<0,01 

415,13-4-19,17 
P 

Cardiac index 
(in liters/m z. min) 

P 
SV (in ml) 

P 
Systolic index 

"(in ml/ra z) 

1,78-----0,05 

2,63• 0,07 

12,40--0,29 

<0,01 

2,24~0,03 
<0,001 
3,09~0,08 
<0,01 

14,47• 
<0,0t 

>0,2 

1,86~0,08 
> 0,3 
2,61---+0,07 
>0,8 

11,76-+0,61 
>0,3 P 5 

TPR (in dynes, sec. cm- ) 
P 

Specific TPR 
(in dynes, sec. m ~. cm -5) 

P 
Work index of left ventricle 

(in kg" m/m z) 
P 

Stroke work index of left 
ventricle 
(in g. m/m z) 

P 

20 217,75• 

4 203,43~ 72,39 

2,44~0,I 1 

16, 70-+ 0,76 

21 498,96+500,57 
<0,05 

4 857,80~ 127,98 
<0,01 

3,73• O, 11 
<0,00I 

24,22-----0,94 
<0,001 

19 495,71~517,53 
>0,2 

3 815,45-----213.25 
>0,I 

2,53+0,07 
>0,4 

15,93-----0,29 
<0,3 

Changes  in the h e m o d y n a m i c s  in puppies  aged 2-3 mon ths  and 18:22 days ( T a b l e s  2 and 3) w e r e  l a r g e l y  s i m i -  
l a r  in type and c o n s i s t e d  not  only  of an i n c r e a s e  in T P R ,  but a l so  of the a p p e a r a n c e  o f t a c h y c a r d i a  and an in -  
c r e a s e  in MV and in the minu te  work  of the hea r t .  Meanwhi le  in the puppies  aged 2-3 months ,  an i n c r e a s e  
in  SV and the s t roke  work  of  the h e a r t  was found, w h e r e a s  in  puppies  aged 18-22 days SV was reduced .  In 
the  puppies  of both groups  5 m i n  a f t e r  i n j ec t ion  of ang io t ens in  T P R  and MV were  r educed  but  the t a c h y -  
c a r d i a  s t i l l  r e m a i n e d .  In j ec t ion  of phys io log ica l  s a l ine  had v i r t u a l l y  no effect  on the h e m o d y n a m i c  i n -  
d ices  in  the con t ro l  a n i m a l s .  

The age d i f f e r ences  in the changes  in the h e m o d y n a m i c s  a f t e r  in jec t ion  of synthe t ic  a ng i o t e ns in  II 
can  be i n t e r p r e t e d  as  fo l lows.  Ang io t ens in  is  known to cause  l i b e r a t i o n  of the a d r e n e r g i c  m e d i a t o r  f rom 
sympa the t i c  end ings  [5, 7] and the a d r e n a l s  [8], and i ts  h e m o d y n a m i c  ef fec ts  a re  p a r t l y  due to the ac t ion  
of c a t e c h o l a m i n e s  [4, 7]. In p a r t i c u l a r ,  the pos i t ive  ino t rop ic  and ch rono t rop i c  ac t ion  of a n g i o t e n s i n  on the 
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T A B L E  3. Changes  in Sys temic  H e m o d y n a m i c s  u n d e r  the Inf luence 
of  Angio tens in  1I in Puppies  Aged 18-22 Days  

During injection 5 rnin after 
Index studied Background angiotensin injection 

87,00---2,52 VP (in ram Hgp) 

Heart rate (in beats/min) 
P 

MV (in ml/min) 
P 

Cardiac index 
(in liters/rn 2" min) 

P 
SV (in ml) 

P 
Systolic index (in ml/m 2) 

P 
TPR (in dynes" see ' cm-5) 

P 
Specific TPR 2 5 

(in dynes, sec. m �9 cm - ) 
P 

Work index of left 
ventricle 
(in kg" m/m 2) 

P 
Stroke work index of left 

ventricle .. 
(in g' m/m ~) 

P 

182,66 + 3,80 

141,42+-3,85 

[,93~0,02 

0,77m0,0I 

10,86=0,1 

49 747,49--+749,39 

3 592,54• 

2,27-- + 0,08 

I2,48z0,42 

I t7,00• 
<0,001 

238,66• 
<0,00i 

159,49+'6,04 
<0,05 

2,I3:0,03 
~0,001 
0,63--+0,02 
~0,001 
8,62--+0,11 
<0,001 

61 412,40--+3146,91 
<0,01 

4 -i78,45 + 136,00 
<0,001 

3,47--+0,09 
<0,001 

13,74+0,51 
>0,05 

91,33--+2,37 
>0,2 

239,66 + 1,81 
<0,00 l 

I45,37--+3,31 
>0,3 

1,85~0,C5 
>0,1 
0,57~+0,02 
<0,00l 
7,73--+0,16 
<0,001 

5 1687,61• 779,01 
>0,I  

3 847,90-+-82,36 
<0,05 

2,41--+0,09 
>0,2 

9,68 + O, 44 
<0,0l 

h e a r t  is l inked with l ibe ra t ion  of  these  las t  subs t ances .  In puppies ,  unlike in adult dogs ,  the hea r t  is p r e -  
dominant ly  u n d e r  the influence of  s y m p a t h i c e - a d r e n a l  r egu la t ion  [1], and this  a l so  leads  to man i f e s t a t i on  
o f  the pos i t ive  inot ropic  and c h rono t rop i c  e f fec t s  of  angio tens in ,  At the age of  18-22 days ac t iva t ion  of  
s y m p a t h i c o - a d r e n a l  inf luences  ev ident ly  does not yet  give r i se  to any m a r k e d  inot ropic  effect ,  and fo r  tha t  
r e a s o n  the i n c r e a s e  in MV in puppies  of  this  age is a t t r ibu tab le  only to the t a c h y c a r d i a  a s s o c i a t e d  with the 
r e d u c e d  SV. In adult  dogs,  with m o r e  pe r f ec t  r e g u l a t o r y  r e s p o n s e s ,  e leva t ion  o f  B P  leads  to  a d e c r e a s e  
in MV and SV. A f t e r  the end of  the p r e s s o r  ac t ion  of  angio tens in  the re f lex  inf luences  on the hea r t  e v i -  
dent ly d i sappea r ;  the t a c h y c a r d i a  thus  p roduced  could be the r e su l t  of  the d i r ec t  ac t ion  of  angio tens in .  

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

1. I . A .  Ar sha vsk i i ,  Out l ines  o f  Age Phys io log7  [in Russ ian] ,  Moscow (1967). 
2. G . A .  G le z e r ,  N. I. Pav lovskaya ,  and T.  A. M a r t ' y a n o v a ,  Kard io log iya ,  No. 6, 22 (1966). 
3. M . I .  Gurev ich ,  S. A. Bernsh te in ,  D. A. Golov,  et al. ,  F iz io l .  Zh. SSSR, No. 3, 350 (1967). 
4. A. Beau lnes ,  B iochem.  P h a r m a c o l . ,  12.__u, Suppl. , 181 (1973). 
5, G. Benel l i ,  D. Della  Bella ,  and A.  Gandini ,  Br i t .  J .  P h a r m a c o l . ,  2._22, 211 (1964). 
6. W . B .  B e r r y ,  W. G. Austen ,  and W. D. Clark ,  Am.  Surg. ,  15__99, 520 (1964). 
7. W. F e l d b e r g  and G. P. Lewis ,  J .  Phys io l .  (London), 16_~7, 46P (1963). 
8. P . I .  Kadowitz,  C. S. Sweet,  and M. J .  Brody ,  J .  P h a r m a c o l .  Exp. The r . ,  183, 275 (1972). 
9. R. Meie r ,  F.  G r o s s ,  I. Tr ipod ,  et al . ,  Exper ien t i a ,  13, 361 (1957). 

10. F. O l m s t e d  and I. Page,  C i rcu la t .  Res . ,  1..~6, 134 (1965). 
11. I .  Ross  and E.  Braunwald ,  Ci rcu la t ion ,  2_.99, 739 (1964). 
12. R . D .  T a y l o r  and I. H. Page,  Am.  J .  Med. Sci. ,  20__.55, 66 (1943). 

1283 


