
Relationship between Systolic Arterial Pressure 

and Heart Mass in the Rat

SUMMARY
This study describes the relationship between left ventricular mass and 

systolic arterial pressure (SAP) in normotensive and hypertensive rats. The 

genetically hypertensive rats (SHR) were stratified according to their SAP val-
ues in to hypertensive (SHRH) and normotensive (SHRN) subgroups. Males 
and females of both subgroups exhibited biventricular hypertrophy and the left 
ventricular mass was not correlated with SAP values. An overall cardiac en-
largement was also found in female rats of the normotensive WKY group. In 
DOCA-salt and 2K/1C hypertensive rats the left ventricular mass was corre-
lated positively with SAP. These data suggest that SAP is not a factor in the 
development of left ventricular hypertrophy in the SHR strain, however, they 
also revealed a right ventricular mass increase in this strain with respect to the 
Wistar strain. (Jpn Heart J 34: 795-801, 1993)
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EVERAL lines of evidence support the hypothesis that the heart 
hypertrophy found in the SHR strain is not related to heritable systemic 

arterial hypertension.1)-4) Rats of SHR-Wistar hybrid strains in our laboratory 
also show increases in heart mass that appear to be unrelated to a pressure 
overload effect.5),6) This study has used a larger sample of SHRs to determine the 
relationship between mass of the right and left ventricles and systolic arterial 

pressure. Since 15% of males and 68% of female rats from the SHR strain of the 
local colony included in this study did not exhibit arterial hypertension, they were 
stratified into normotensive (SHRN) and hypertensive (SHRH) subgroups. Min-
eralocorticoid plus salt overload (DOCA-salt) and renal (2K/1C) hypertensive 
rats were also used to test the impact of acquired hypertension on ventricular 
mass, Normotensive rats of the Wistar and Wistar-Kyoto strains were used as 
controls. Values of the measured ventricular mass in all groups studied were
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referred to a calculated value for each ventricular mass; this value was obtained 
from the correlation of ventricular weights with body weights carried out with 
female and male rats of the Wistar strain.

METHODS

Wistar, WKY and SHR strain rats were bred under the same care and 
environmental conditions, and maintained on a standard rat diet and tap water 
ad libitum.

Three groups of hypertensive rats were studied:
1. Genetically hypertensive (SHRH) group: Rats of the Aoki-Okamoto 

strain (66 males and 27 females).
2. Renal hypertensive (2K/1C) group: Hypertension was induced by plac-

ing a silver clip (0.22mm internal diameter) on the left renal artery of Wistar rats 
under ether anesthesia (18 males and 8 females).

3. Mineralocorticoid hypertensive (DOCA-salt) group: Hypertension was 
induced in unilaterally nephrectomized Wistar rats (8 males and 5 females) by 
weekly subcutaneous administration of 20mg of deoxycorticosterone acetate 

(Sigma) dissolved in sesame oil (200mg/ml). The animals' water supply consisted 
of tap water containing 1% NaCl and 0.2% KCl. Rats were used 4 weeks after 
induction of hypertension.

Three groups of normotensive rats were also studied:
1. Wistar normotensive (W) group: This group included sham operated 

rats (controls for 2K/1C rats and unilaterally nephrectomized rats). Salt was 
added to the drinking water of controls for DOCA-salt rats. This group con-
tained 98 males and 57 females.

2. Wistar-Kyoto normotensive (WKY) group: Control rats for the SHR 
strain (14 males and 13 females).

3. SHR normotensive (SHRN) group: Rats of the SHR strain that did not 
exhibit an increase in systolic arterial pressure (22 males and 60 females).

Systolic arterial pressure (SAP) was measured weekly from the caudal artery 
of unanesthetized rats with the tail-cuff plethysmographic method. The value of 
SAP used to correlate with the ventricular mass values was the average of two 
measurements performed during the week in which the animal was sacrificed. 
Prior to sacrifice, the rats were weighed and anesthetized with sodium 

pentobarbital. The heart was removed immediately and placed in saline. The left 
ventricle, including the interventricular septum, was dissected from the right 
ventricle. Ventricles were washed with saline, blotted and weighed.

Assessment of ventricular mass modifications was carried out as follows: 
Regression equations for ventricular weight versus body weight were obtained
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Table I: Regression Equations for Ventricular Weights and Body Weight of Normotensive Rats

from data of 77 males and 46 females of the Wistar strain. Table I presents the 
equations derived with the corresponding correlation coefficient values. Using the 
sex-matched equation for each ventricle, the value of body weight of each rat 

(normotensive or hypertensive) allowed the calculation of the corresponding ven-
tricular weight value. The difference between this predicted ventricular weight 
and the actual ventricular weight was expressed as a percentage of the former. 
The means of the percentage deviations were compared among groups by one-
way analysis of variance using the Peritz' F test.7) The statistical significance level 
was set at P<0.05.

RESULTS

The body weights of WKY, SHRH, SHRN and experimentally 
hypertensive Wistar rats were compared to body weight curves of normotensive 
Wistar rats from the local colony (Fig. 1). A consistently lower body weight was

Fig. 1. Body weights (g) of female and male Wistar rats from 2 to 28 weeks old. 
Body weight values (means for each week) of normotensive (WKY and SHRN) and 
hypertensive (SHRH, DOCA-salt and 2K/1C) rats are indicated by symbols shown on 
the top of the Figure. For each week of age, points represent mean of body weights; 
standard errors are not visible because the size of the symbols exceeds their values. The 
total number of Wistar rats whose body weight was measured to obtain the curve of 
normal growth in this strain was 503 for males and 425 for females.
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Fig. 2. Percent deviations of left ventricular weight from its predicted values 
derived from regression equations (see Table I). Bars show mean values of the variable 
with indication of the SEM. Number of animals is indicated within brackets for each 

group. *indicates P<0.05 with respect to the Wistar group and **with respect to both 
Wistar and WKY groups.

found in the WKY and SHR rats with respect to the Wistar strain, but no 

differences were detected between the WKY and SHR strains. Wistar rats from 

DOCA-salt and 2K/1C hypertensive groups did not differ significantly in their 

body weight values from those of the Wistar control group; however, DOCA-salt 

female rats had lower body weights than sex-age-matched Wistar rats.

Figure 2 illustrates the percentage deviations of ventricular mass for all the 

groups studied with respect to the normotensive Wistar strain rats (SAP: 123•}2 

and 127•}1mmHg for females [F] and males [M], respectively). Both female and 

male rats of the SHR groups (SAP for SHRN: 127•}2 [F] and 122•}6mmHg 

[M]; SAP for SHRH: 171•}3 [F] and 186•}3mmHg [M]) showed a 40-50% 

increase in their left ventricular mass and a 15-30% increase in their right ven-

tricular mass. These values were still valid for male rats of the SHR groups 

compared with the male WKY strain rats (SAP: 134•}5mmHg). However, due 

to the fact that female WKY strain rats (SAP: 122•}4mmHg) exhibited 

biventricular hypertrophy, only the increase in left ventricular mass remains sig-

nificant in females of the SHR groups although this increase was reduced to 

about 15%.
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Fig. 3. Relationship between values of percent deviation of left ventricular weight 

and systolic arterial pressure. Correlation coefficients for the different groups were: 

Female SHRN and SHRH: 0.1089 and 0.2247, respectively, male SHRN and SHRH: 
-0 .4572 and 0.0904, respectively.

Fig. 4. Relationship between values of percent deviations of left ventricular 
weight from predicted values and systolic arterial pressure. Correlation coefficient for 
the different groups were: DOCA-salt=0.5344 and 2K/1C=0.6466 (P<0.05 in both 
cases).

The correlation between left ventricular percentage deviations and systolic 
arterial pressure values in normotensive and hypertensive SHR subgroups is 
shown in Figure 3. Low correlation coefficient values (similar to those presented 
in the legend of Figure 3) were obtained from analyses of the data from Wistar
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rats (r=0.1643 [F] and 0.0111 [M]) and WKY rats (r=0 .3515 [F]) and 0.0460 
[). 

 DOCA-salt hypertensive rats (SAP: 168 ± 5 [F] and 172 ± 4 mmHg [M]) 
increased their left ventricular mass by 10-20%; right ventricular mass increased 
by 20% only in female rats (Fig. 2). Renal hypertensive rats (SAP: 183 ± 11 [F] 
and 179 ± 6 mmHg [M]) also increased their left ventricular mass about 20%. A 
significant positive correlation was obtained from the relationship between per-
cent increases in left ventricular mass and systolic arterial pressure for the latter 
experimentally hypertensive groups (Fig. 4).

DISCUSSION

 In this study the mass variation of ventricles in normotensive and 
hypertensive rats is expressed as percentage deviations from the mass of ventricles 
in body weight-sex-matched normotensive Wistar rats. In principle, this method 
makes use of the ventricular mass to body mass relationship, similar to the ratio 
of those parameters that is usually employed as an index to detect ventricular 
hypertrophy. The equations provided by the present results allow one to calcu-
late the mass of the right or left ventricles according to the sex and body mass of 
Wistar strain rats and compare the actual ventricular mass of experimental 

groups with those values. 
 The SHR strain showed an overall increase in myocardial weight with 

respect to the Wistar strain, independent of the levels of systolic arterial pressure. 
This result was equally true for left and right ventricles. A dissociation of left 
hypertrophy from pressure overload has been reported in SHRs1)-6) and in pa-
tients with mild essential hypertension.8) The present results show that the right 
ventricle mass in SHRs is 20-30% greater than in Wistar rats. There was also a 
marked (60%) difference in weight between the right ventricles of female WKY 
rats and Wistar rats, consistent with previous reports of biventricular hypertrophy 
in female WKY animals.9) A sexual dimorphism has been described in genetically 
hypertensive rats10) and in rats subjected to DOCA-salt administration.11) These 
findings indicate that female rats have both a greater degree of cardiac enlarge-
ment and less elevated systolic blood pressure than male rats . 

 There was no significant relationship between left ventricular weight and 
systolic arterial pressure in the genetically hypertensive groups. Both DOCA-salt 
and 2K/ 1C hypertensive rats showed a positive correlation between left ventricu-
lar weight and systolic arterial pressure. The hypertrophy was about half of that 
shown by the SHR groups, despite the fact that levels of SAP were similar in all 
the hypertensive groups. Thus, elevated SAP is not sufficient to explain the devel-
opment of left ventricular hypertrophy in genetically hypertensive rats.



Vol. 34 

No. 6
HEART MASS AND SYSTOLIC ARTERIAL PRESSURE 801

REFERENCES

1. Sen S, Tarazi RC, Bumpus FM: Cardiac hypertrophy in spontaneously hypertensive rats. Circ Res 
 35:775,1974 

2. Cutilletta AF, Benjamin M, Culpepper WS, Oparil S: Myocardial hypertrophy and ventricular perfor-
 mance in the absence of hypertension in spontaneously hypertensive rats, J Mot Cell Cardiol 10: 689, 

 1978 
3. Pfeffer MA, Pfeffer JM: Pharmacologic regression of cardiac hypertrophy in experimental hyperten-

 sion. J Cardiovasc Pharmacol 6: 5865, 1984 
4. Sen S, Tarazi RC: Cardiovascular hypertrophy in spontaneously hypertensive rats. J Hypertens 4: 

 S123, 1986 
5. Cuneo ME, Grassi de Gende AO: Cardiac sarcoplasmic reticulum characteristics in hypertrophic 

 hearts from spontaneously hypertensive rats. Basic Res Cardiol 83: 286, 1988 
6. Grassi de Gende AO: Evaluation of right and left ventricular size in SHR-Wistar hybrids. Am J Physiol 

 255: H587, 1988 
7. Harper JF: Peritz'F test; basic program of a robust multiple comparison test for statistical analysis of all 

 differences among group means. Comput Blot Med 14: 437, 1984 
8. DrayerJIM, GardinJM, Brewer DD, Weber MA: Disparate relationships between blood pressure and 

 left ventricular mass in patients with and without ventricular hypertrophy. Hypertension 9: 1161, 1987 
9. Pfeffer MA, Pfeffer JM, Dunn FG, Nishiyama K, Tsuchiya M, Frohlich ED: Natural biventricular 

 hypertrophy in normotensive rats. I. Physical hemodynamic characteristics. Am J Physiol 236: H640, 
 1979 

10. Cambotti LJ, Cole FE, Gerall AA, Frohlich ED, MacPhee AA: Neonatal gonadal hormones and blood 

 pressure in the spontaneously hypertensive rat. Am J Physiol 247: E258, 1984 
11. Ouchi Y, Share L, Crofton JT, litake K. Brooks DP: Sex difference in the development of 

 deoxycorticosterone-salt hypertension in the rat. Hypertension 9: 172, 1987


