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Analysis of ECGs recorded in 3 standard leads, 3 augmented limb leads, and 3 chest 
leads revealed typical signs of left ventricular hypertrophy with a relative deterioration 
of coronary blood supply in NISAG rats, a new strain with hereditary arterial hyper- 
tension. These signs are considered to be characteristic of an established arterial hy- 
pertension and may be taken as evidence that the NISAG strain can serve as an ad- 
equate animal model of  human hypertensive disease. 
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A new rat strain (NISAG), which is an animal 
model of stress-sensitive arterial hypertension, has 
been developed by selective breeding at the Institute 
of Cytology and Genetics in the Siberian Division 
of the Russian Academy of Sciences [3,5]. Behav- 
ioral characteristics [4] and functions of the neuro- 
chemical [1,2,6] and neuroendocrine [8] regulatory 
systems in this strain have now been examined. 

The purpose of the present work was to evalu- 
ate cardiac function in the NISAG strain through 
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a detailed ECG study, which is necessary for char- 
acterizing the hypertensive status of the new strain. 

MATERIALS AND METHODS 

Six-month-old male rats of two strains were used: 
60  NISAG (hypertensive) rats and 60  Wistar 
(normotensive)  rats. Cardiac funct ion  in these 
strains was evaluated electrocardiographically. For 
this, the animals were anesthet ized wi th  ether 
(etherrausch), placed into a screened box m the 
supine position, and connected to a Mingograf-34 
cardiograph (Sweden) by means of thin needle 
electrodes. These were placed subcutaneously in all 
four limbs and in the chest at the level of the 
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TABLE 1. A m p l i t u d e s  of E C G  W a v e s  (ram) in W i s t a r  a n d  NISAG Ra t s  

E C G  l e a d  R a t s  

W i s t a r  

N I S A G  

III W i s t a r  

N I S A G  

W a v e  a m p l i t u d e  

P R Q R S  

0 . 9 •  1 1 . 7 •  9 . 4 •  

1 . 4 •  9 . 0 •  5 . 5 •  

2 . 1 •  

2 . 5 •  

0 . 9 •  

0 . 5 •  

5.9---0.4 1 . 9 •  3 . 9 - - 0 . 5  

5 . 2 •  - - 2 . 0 •  7.6-----0.7"* 

T 
- - 0 . 7 - - 0 . 2  

- - 0 . 8 - - - 0 . 2  

1.3-----0.1 

1 .1- -0 .1  

a V L  W i s t a r  0 . 2 •  6 . 9 •  3 . 9 •  2.2---0.3 - -  1.1 ~ 0 . 1  

N I S A G  0.7---0.1"* 7.4---0.6 3 . 9 •  1 . 8 •  - -  0 .5---0.2" 

: i[ :i ~ i : ' i ~  : =:i::i:::i:= i ~ :  i ~  ? 2 : : i i  

: :  : : ::  : ~ :  ::i : : i : i ~  : : : : : : : : : : : : : : : : : : : : : :  : :  i ~  : * ~ ) : : : : :  :i : ~  : ............... . . . . . . . . . .  [ . . . . . .  N I S A G  ................. t ............ 0 9--:0~t ........... ............. 6~: t : -0 ,3  .......................... 0 : 8 - 0 . . 7  ..................... 5 5 - 0 ~ 6  .................. 0 , 6 - 0  1 .............. 
.............................................. . . . . . . . . . . .  . . . . . . . . .  : : :  : =:: : :  I :  = : :  == =:l:== : = : :  : : :  := 

V~ W i s t a r  0 . 5 •  4 . 5 •  - -  5.1 •  9 . 7 •  3.1 •  

N I S A G  0.7---0.1 5 . 2 •  - -  0 . 8 •  6.6--- 1.0"* 2 . 8 - - 0 . 2  

.............. V~ . . . . . . . . . . . .  W i s t a r  ............................... t : 6 - 0 , 1  ........ .......... 1 3 . 4 - 0 , ~  ......................... 2 , 3  t , 2  ........................ t , 8 - - 0 , 8  ...................... 4 , 6 - 0  ................ 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ 0 :  ** .................. : : .............. . . . . . . . .  ~ .............. I . . . . . . . .  5 ~- . . . . . . . . . . . . . . . . . . . . . . . .  ~ 0  2 ........ .................... . . . . . . . . . . . . . . . . . . . . . . .  .................. : : :  ................ : : :  

V~ W i s t  a r  1 .2- -0 .1  1 2 . 2 •  8 . 4 •  3 . 9 - - 0 . 4  1.9-----0.2 

N I S A G  1 .9 •  1 0 . 2 •  5 . 6 •  1. l* 5 . 9 •  1.3 1 . 5 •  

No te .  He re  a n d  in Tab le  2, t he  a s t e r i s k s  d e n o t e  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e s e  two s t ra ins :  *p<0.05, " ' p<0 .01 .  

apex beat in three positions: along the chest mid- 
line and 1 c m  to the right and to the left of the 
midline electrode, which corresponded approxi- 
mately to the standard positions V 1, V 3, and V s of 
the chest electrode. The ECG  was recorded in 3 
standard leads, 3 augmented  limb leads, and 3 
chest leads, at a paper speed of 1OO mm/sec and 
a channel sensitivity of 2 0  ram/inV. Student 's t 
test was used for statistical estimation of interstrain 
differences. 

RESULTS 

Analysis of  the ECGs revealed significant differ- 
ences between the hypertensive NISAG rats and 
the Wistar rats. First, as was to be expected, the 

TABLE 2. L e n g t h s  of  ECG In te rva l s  (msec) a n d  V a l u e s  of t he  
a Ang le  in W i s t a r  and  NIS AG R a t s  

R a t s  
E C G  p a r a m e t e r  

W i s t a r  N I S A G  

R -  R 1 8 2 . 0 •  153.0---2.0"" 

. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . .  1:9,o:::: ::'-~:i::,o:~:: :, .... : : : : : <  ~::::::::~z:o_::l:~O : :~: : : ' : : '  ~ :~::~ .................... 
::: : : :  : : : : : : : :  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

P - - Q  5 8 . 0 •  6 2 . 0 - -  1.0"* 

QRST 67.0-----2.0 53.0• 

: i i: : i i : :  ~ :  :: i : i i :  i i 
S y s t o l i c :  ~ d e X :  i:i::136:18~:it:51ii:: : ~  : 3 4 1 6 ~ t : 0  :: 

tx a n g l e ,  d e g r e e s  3 7 . 4 •  0 . 2 •  

arterial hypertension resulted in a considerable de- 
viation of the cardiac electrical axis to the left, 
which was determined by a positive total value of 
the QRS complex waves in standard lead I and 
their  negative total value in s tandard lead III  
(Table 1). The ECGs of Wistar rats were of a 
"normal" type, and this was confirmed by calcu- 
lation of the a angle. In the NISAG rats, this 
angle had virtually a zero value, which attested to 
a horizontal position of the cardiac electrical axis 
(Table 2). In the Wistar rats, the value of the a 
angle corresponded to an intermediate position of  
the cardiac electrical axis between the normal and 
vertical positions, which appears to be a charac- 
teristic feature of rat ECGs [7]. This gives good 
grounds for suggesting the presence of  left ven- 
tricular hypertrophy in NISAG rats. 

This assumption is borne out by the pattern 
of  the QRS complex in the augmented limb leads 
(Table 1). In the NISAG rats the total amplitude 
of the QRS complex waves in lead aVL was sig- 
nificantly higher than in aVF, whereas the reverse 
was true in Wistar rats. In the chest leads, the 
transitional zone between the right and left ven- 
tricles of NISAG rats was patently shifted to the 
right as compared to Wistar rats, indicating that 
the projection of the left ventricle on the anterior 
chest wall predominated in the former rats. Left 
ventricular hypertrophy in the NISAG rats was 
also manifested in a significant widening of the 
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QRS complex, despite their relative (as compared 
to Wistar rats) tachycardia, as was evidenced by 
the shortened the R-R interval (Table 2). The 
tachycardia could be a consequence of increased 
sympathetic tonus in the hypertensive rats, and this 
could in turn be one of the causes of elevated 

arterial pressure in them. That sympathetic tonus 
is enhanced in NISAG rats is also indicated by 
the results of our previous study [9]. 

In addition to left ventricular hypertrophy, 
NISAG rats appear to develop a relative deficit of 
coronary blood supply to the myocardium of in- 
creased mass. This is indicated by the size of the 
T wave and its relation to the QRS complex. 
First, NISAG rats had a lower T-wave amplitude 
in standard lead II and in leads aVL and aVF 
than Wistar rats (Table 1). Second, the hyperten- 
sive rats had a very abnormal inversion of the T 
wave in aVR, which resulted in discordance of the 
QRS complex and T wave in this lead. Mention 
may also be made of a discordance of the QRS 
complex and T wave in standard lead III. Never- 
theless, the functional capacity of the heart in 
NISAG rats did not appear to have changed much, 
as could be judged by the relative length of the 
electrical systole (the QRST complex), i.e., by the 
values of the systolic index which were virtually 
the same in both strains (Table 2). The hypertro- 
phied left ventricle of six-month-old hypertensive 
NISAG rats is therefore well adapted to work 
against the elevated arterial pressure and can cope 

successfully with overloads under ordinary circum- 
stances. 

Changes in the left ventricle of NISAG rats 
were also accompanied by some hypertrophy of the 
left atrium, as was indicated by increased P-wave 
amplitudes in standard lead I and in the aVL and 
left chest leads (Table 1). Moreover, a significant 
prolongation of the P wave and an increased atrio- 
ventricular delay (the P-Q interval) were noted in 
these rats (Table 2). 

Thus, as can be seen from the results pre- 
sented above, the NISAG strata provides an ad- 
equate model of human hypertensive disease in 
terms of ECG characteristics. 
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