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Abstract 

We explored whether dietary-induced obesity hastens the transition from 

concentric left ventricular hypertrophy (LVH) to pump dysfunction in spontaneously 

hypertensive rats (SHR) and the mechanisms thereof. After feeding rats a diet for 4-5 

months, obesity was induced in SHR and Wistar Kyoto (WKY) control rats. Obesity was 

not associated with abnormal blood glucose control (HbA1c) or with increases in systolic 

blood pressure (BP). However, in SHR, but not in WKY rats, obesity was associated with 

a reduced LV chamber systolic function as determined by echocardiography and in 

isolated perfused heart studies. A marked increase in LV end diastolic diameter and a 

right shift in the LV diastolic pressure-volume relation were noted in obese SHR, but not 

in obese WKY rats. Moreover, LV intrinsic myocardial systolic function, as determined 

from the slope of the linearized LV systolic stress-strain relationship (En), was markedly 

reduced in obese as compared to lean SHR, whilst En was maintained in obese WKY 

rats. Obesity increased LV weight, cardiomyocyte width, cardiomyocyte apoptosis 

(TUNEL), the activity of myocardial matrix metalloproteinases (zymography) and serum 

leptin concentrations in SHR, but not in WKY rats. In conclusion, SHR are susceptible to 

the adverse effects of dietary-induced obesity on the heart, an effect that hastens the 

progression from concentric LVH to pump dysfunction independent of BP changes or 

alterations in HbA1c. This effect may be mediated through a proclivity of SHR to 

developing both obesity-induced effects on cardiomyocyte apoptosis and activation of 

myocardial collagenases through leptin resistance and obesity-induced hypertrophy. 

 

Key words: obesity, pump dysfunction, spontaneously hypertensive rats, dilatation. 
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Introduction 

Obesity is an independent risk factor for heart failure.1-3 As adjustments for 

cardiac systolic chamber function abolish the relationship between obesity and heart 

failure,2 it is possible that heart failure in obesity is caused by pump dysfunction rather 

than diastolic abnormalities. There is increasing evidence from both human4,5 and animal 

studies6,7 that obesity is associated with myocardial contractile disturbances. However, a 

cause-effect relationship between obesity and cardiac systolic dysfunction is 

controversial. Indeed, weight loss produced by lifestyle modification or gastric bypass 

does not influence left ventricular (LV) myocardial systolic dysfunction.8,9 Moreover, 

although some studies have reported a decreased LV pump function associated with 

obesity,10-13 the majority indicate a normal or even increased LV pump function.4,5,14-22 As 

pump dysfunction is an established predictor of the development of heart failure,23 clarity 

on the role of obesity in the development of pump dysfunction is required. 

Obesity may augment the impact of hypertension on LV hypertrophy (LVH),24,25 

and an increased LV mass is a risk factor for the development of pump dysfunction.26 

We therefore hypothesized that obesity may exaggerate the detrimental effects of 

hypertension on the heart and consequently hasten the transition from concentric LVH to 

LV dilatation and pump dysfunction. To test this hypothesis we assessed whether 

spontaneously hypertensive rats (SHR) are susceptible to the potential adverse effects 

of dietary-induced obesity on the heart and consequently whether dietary-induced 

obesity in SHR promotes the transition from concentric LVH to LV dilatation and pump 

dysfunction prior to an age when SHR normally develop systolic decompensation.27 We 

also assessed the mechanisms thereof. 

Methods 

This study was conducted in accordance with the Principles of Laboratory Animal 

Care of the National Society for Medical Research and the Guide for the Care and use of 
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Laboratory Animals of the National Academy of Sciences (NIH publication no 80-23, 

revised 1985) and was approved by the Animal Ethics Screening Committee of the 

University of the Witwatersrand (Approval number: 2006/99/3). Eight month old SHR and 

age-matched WKY rats were assigned to receive an obesity-inducing or control diet for 5 

months.22 The dietary intervention was initiated at an age when SHR have concentric 

LVH without pump dysfunction or increases in diastolic chamber stiffness.27,28 The 

experimental diet resembles a Western-type diet,29 the constituents of which are 

described in an on-line supplement. The diet is designed to induce hyperphagia,29 

resulting in a greater energy intake (570±23 kJ/day) as compared to the control group 

(371±18 kJ/day), with similar increments in caloric intake noted in both SHR and WKY 

rats. Differences in micronutrient (vitamins and minerals) intake produced by dilution of 

the diet by addition of carbohydrates and fats, does not modify either body size or 

cardiac function.22 

The impact of the diet on adipose tissue was assessed from weekly body weights 

and visceral fat (retroperitoneal and omental) weight determined at the end of the study. 

Tail cuff systolic blood pressure (BP) was determined at regular intervals during the 

study using a previously described technique.30 Fasting blood samples were obtained at 

the time of thoracotomy when the heart was removed for perfusion studies. Blood 

glucose control was determined from percentage glycosylated haemoglobin (HbA1c).31 

Serum insulin and leptin concentrations were measured using ultrasensitive rat insulin 

(DRG Instruments GmbH, Germany) and rat leptin (Assay designs, Ann Arbor, USA) 

enzyme immunoassays. Serum non-esterified free fatty acid concentrations were 

measured using an enzymatic colorimetric assay (Roche, Germany).   

Echocardiography. Left ventricular systolic function and chamber dimensions 

were determined in vivo as previously described32 in anaesthetized rats (50 mg/kg of 

ketamine and 3 mg/kg of xylazine) using two-dimensional targeted M-mode 
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echocardiography (7.5 MHz transducer and a Hewlett Packard Sonos 2500 sector 

scanner) according to the American Society of Echocardiography convention (see on-

line supplement for details). 

Isolated, perfused heart preparations. As LV function assessed using 

echocardiography is load and heart rate-dependent, we also assessed LV function and 

remodeling ex vivo as previously described,32,33 (see on-line supplement for details) 

using load-independent measures in paced, isolated perfused heart preparations.  

Cardiomyocyte necrosis and apoptosis. From a longitudinal slice of the LV 

obtained from the apex to the base through the LV free wall, a pathological score was 

determined using a previously described approach (see on-line supplement).27 The 

degree of apoptosis was quantified as previously described34 on 5 μm thick myocardial 

tissue sections obtained from the same tissue blocks used to assess the pathological 

score using a TUNEL technique (DeadEndTM Colorimetric TUNEL system, Promega, 

Madison, WI, USA) (see on-line supplement for details). 

Matrix metalloproteinase activity. To avoid a potential impact of prolonged 

anesthesia and perfusion of the myocardium with artificial solutions on matrix 

metalloproteinase (MMP) activity, gelatin zymography was performed as previously 

described35 on tissue from the lateral wall of the LV collected from rats that had not 

undergone hemodynamic assessment (see on-line supplement for details). 

Myocardial collagen. Samples of LV tissue were weighed and stored at -70°C 

prior to tissue analysis. Myocardial hydroxyproline concentration ([HPRO]) was 

determined after acid (HCl) hydrolysis.30-34 Myocardial collagen was also extracted and 

digested with cyanogen bromide (CNBr) and subjected to acid hydrolysis and [HPRO] 

determination.30,33,34 The amounts of non-cross-linked (soluble) and cross-linked 

(insoluble) collagen in the myocardium were ascertained based on the solubility of 

myocardial collagen to CNBr digestion.30,33,34 
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Myocyte isolation and assessment of cell morphometry. Cardiomyocyte 

morphology was determined on isolated cardiomyocytes using image analysis. Cell 

isolation was performed as previously described36,37 (see on-line supplement) and the 

technique for image analysis is outlined in an on-line supplement. 

Data analysis. Regression analysis was used to determine the lines of best fit for 

the cardiac function relations. All data are presented as mean±SEM. Comparisons 

between groups were made with a two way ANOVA. 

Results 

Characteristics of the obesity model. At the initiation of the study, WKY rats were 

heavier than SHR, but otherwise body weights were similar between groups of animals 

assigned to dietary groups (data not shown). The diet produced a modest increase in 

body weight in both SHR and WKY groups, but almost doubled visceral fat content 

(Table 1). At the initiation of the study, systolic BP values were higher in SHR as 

compared to WKY rats, but were otherwise similar between groups of animals assigned 

to dietary groups (data not shown). The experimental diet failed to modify systolic BP in 

either group (Table 1). Furthermore, blood glucose control, as indexed by HbA1c 

measurements, was unchanged in either SHR or WKY rats receiving the experimental 

diet (Table 1). Consistent with a reduced body size and hence adipose tissue content in 

SHR, serum leptin concentrations were reduced in SHR (Table 1). Although neither 

serum free fatty acid nor insulin concentrations were altered by the presence of obesity, 

the experimental diet increased plasma leptin concentrations in SHR, but not in WKY 

rats (Table 1). 

Cardiac weight and cardiomyocyte size. Despite SHR having increased systolic 

BP values, as SHR were considerably smaller than WKY rats, SHR receiving the control 

diet had similar absolute heart and LV weights and cardiomyocyte length and width 

values as compared to WKY rats (Table 1). However, when normalised for body weight 
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differences, SHR had marked increases in LV weights as compared to WKY rats (Table 

1). The experimental diet increased LV weight and cardiomyocyte width, but not length 

in SHR (Table 1), with the effect on LV weight achieving statistical significance when LV 

weights were normalized for growth effects as determined from tibial length 

measurements (p<0.05 for the interaction between the presence of hypertension and the 

diet) (Table 1). However, the diet failed to increase heart and LV weights or 

cardiomyocyte width and length in WKY rats (Table 1). No differences in LV wet-to-dry 

weight ratios were noted between the groups (WKY Control=4.97±0.08, WKY 

diet=4.84±0.09, SHR Control=5.00±0.07, SHR diet=5.08±0.04). 

Left ventricular pump function. The SHR receiving the control diet had a greater 

FSend (Figure 1, right lower panel) and a left shift in the LV systolic pressure-volume 

relationship (Figure 1, upper panel) as compared to WKY rats receiving the control diet. 

However, pump function, as assessed using the load and heart rate-independent index 

of function, LV Ees (Figure 1, left lower panel), was unchanged in SHR as compared to 

WKY rats receiving a control diet. The experimental diet given to SHR resulted in a 

decrease in LV systolic chamber function as indicated by a decline in both FSend, and a 

right shift in the LV systolic pressure-volume relationship, a change attributed to a 

decrease in the slope of this relationship (LV Ees) (Figure 1). In contrast, neither FSend 

nor the LV systolic pressure-volume relationship or its slope (LV Ees) was altered by 

feeding the experimental diet to WKY rats (Figure 1). 

Left ventricular instrinsic myocardial systolic function. The SHR and WKY rats 

receiving the control diet had a similar intrinsic myocardial systolic function (systolic 

stress-strain relationships and LV En were comparable) (Figure 2). The experimental 

diet given to SHR produced a striking decrease in intrinsic myocardial systolic function 

as indicated by a right shift in the LV systolic stress-strain relation, an effect that was 

attributed to a decrease in the slope of this relationship (LV En) (Figure 2). However, the 
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experimental diet failed to modify intrinsic myocardial systolic function in WKY rats 

(Figure 2). 

Left ventricular chamber remodeling. Although SHR had a left shift in the LV 

diastolic pressure-volume relationship (Figure 3, left upper panel), and a decrease in LV 

V0 (Figure 3, left lower panel) and LV EDD (Table 1), after adjustments of LV volumes 

for body weight, SHR receiving the control diet had similar LV diastolic pressure-volume 

relations and LV V0 values as WKY rats (Figure 3, right panels). Despite having similar 

LV weights as age-matched WKY rats, SHR had increased LV end diastolic posterior 

and relative wall thickness values (Table 1). The experimental diet given to SHR resulted 

in a right shift in the LV diastolic pressure-volume relationships (Figure 3, upper panels), 

an increase in LV V0 (Figure 3, lower panels), an increase in LV EDD (Table 1) and a 

decrease in LV posterior and relative wall thickness (Table 1). In contrast, the 

experimental diet given to WKY rats had no effect on the LV diastolic pressure-volume 

relationships, LV V0, LV EDD, or LV posterior and relative wall thickness (Figure 3 and 

Table 1). 

Myocardial apoptosis, necrosis and interstitial changes. The SHR receiving a 

control diet had a similar percentage cardiomyocyte apoptotic nuclei and myocardial 

MMP-2 activity as WKY rats receiving a control diet (Figure 4). Administration of the 

experimental diet to SHR however produced an increase in cardiomyocyte apoptosis 

and myocardial MMP-2 activity as compared to SHR receiving the control diet (Figure 4). 

In contrast, the experimental diet failed to modify the degree of cardiomyocyte apoptosis 

or myocardial MMP-2 activity in WKY rats (Figure 4). In contrast to effects on the index 

of cardiomyocyte apoptosis, the experimental diet failed to influence the myocardial 

pathological score in either SHR or WKY rats (Table 2). 

SHRs receiving a control diet had increased myocardial collagen concentrations, 

as indexed by HPRO measurements, as compared to WKY rats receiving a control diet, 
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a change attributed to an increase in myocardial cross-linked collagen concentrations 

(increased insoluble HPRO concentration) (Table 2). The preferential accumulation of 

cross-linked myocardial collagen in SHR was attributed to an increase in myocardial 

collagen cross-linking as detected by a decrease in myocardial collagen soluble to 

digestion by CNBr (Table 2). As a consequence of a decrease in myocardial collagen 

solubility in SHR, the non-cross-linked form of HPRO was unchanged in SHR as 

compared to WKY rats receiving the control diet (Table 2). Administration of the 

experimental diet to either SHR or WKY rats failed to modify HPRO concentrations or to 

alter the degree of myocardial collagen cross-linking (Table 2). 

Discussion 

The main findings of the present study are as follows: Predominantly visceral 

obesity induced by feeding a diet designed to produce an increased caloric intake, was 

associated with the premature progression from compensated LVH to LV pump 

dysfunction in SHR. In contrast, a comparable degree of dietary-induced obesity failed to 

produce adverse effects on cardiac function in normotensive WKY rats. The dietary-

induced change in pump function in SHR occurred in the absence of further peripheral 

systolic BP changes or changes in blood glucose control (HbA1c). Dietary-induced pump 

dysfunction in SHR was noted both in vivo (endocardial fractional shortening) and ex 

vivo using a load-independent assessment of chamber function (end systolic chamber 

elastance). Further, dietary-induced pump dysfunction in SHR, but not WKY rats was 

associated with a reduced intrinsic myocardial contractile function (end systolic 

myocardial elastance) and marked LV dilatation (increased chamber diameters and a 

right shift in the LV diastolic pressure-volume relationship), changes that were 

associated with increases in cardiomyocyte apoptosis and myocardial MMP-2 activation 

in SHR, but not in WKY rats.  However, dietary-induced pump dysfunction in SHR was 

not associated with excessive myocardial necrosis, changes in myocardial collagen 
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concentrations, or alterations in the quality of myocardial collagen, although it is possible 

that at the initiation of the dietary intervention, SHR may have had myocardial collagen 

changes. The modest degree of generalised obesity produced by the experimental diet 

failed to translate into changes in serum leptin concentrations or LV weight in WKY rats, 

but nevertheless resulted in increases in serum leptin concentrations and an 

exaggerated degree of LVH and an increased cardiomyocyte width in SHR. 

Albeit that the results described in the present study were obtained in SHR and 

hence may not be extrapolated to other models, this is the first prospective study to 

show that obesity, in the absence of hyperglycemia, can promote marked LV dilatation 

and pump dysfunction. Clinical studies demonstrating obesity-induced myocardial 

contractile disturbances have been conducted using case-control designs rather than 

prospective studies, and have failed to show that these changes translate into clinically 

relevant alterations in pump function.4,5 Further, whether the association between 

obesity and myocardial contractile disturbances in clinical studies reflects cause and 

effect relations is controversial as weight loss produced either by lifestyle modification or 

gastric bypass does not influence LV myocardial systolic dysfunction.8,9 Although 

prospective studies in euglycemic animals indicate that obesity is associated with 

myocardial contractile disturbances,6,7 there have been no reports to indicate that these 

changes translate into clinically relevant abnormalities in pump function. Although the 

present study clearly shows that obesity can promote myocardial contractile 

disturbances that translate into pump dysfunction in SHR even in the absence of 

hyperglycemia or further increases in BP, the caveat is that these deleterious effects are 

mediated by an interaction between obesity and hypertension. Importantly, in the 

absence of hypertension in WKY rats, the same degree of obesity produced no 

discernable adverse effects on the heart. 
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As LVH is a risk factor for the development of pump dysfunction,26 one potential 

mechanism responsible for the obesity-induced effect on pump dysfunction in SHR 

noted in the present study is an interaction between obesity and hypertension to 

promote LVH. Indeed, in agreement with previous clinical studies,24,25 in the present 

study an interaction between hypertension and obesity was noted to contribute toward 

increases in LV weight and cardiomyocyte width in SHR. One potential mechanism for 

this effect could be through an increased propensity for SHR to develop leptin 

resistance, a change which promotes LVH.38 Indeed, in the present study dietary-

induced obesity was associated with an increase in serum leptin concentrations in SHR, 

but not in WKY rats. This effect in SHR occurred despite similar increases in body 

weight and visceral fat content in the SHR and WKY groups. The increased serum leptin 

concentrations in SHR could be explained by the presence of leptin resistance. 

Although obesity-induced pump dysfunction in SHR in the present study cannot 

be attributed to further increments in BP as measured in the periphery by tail-cuff 

techniques, we cannot exclude the possibility that increases in central BP may have 

occurred. Indeed, excess adiposity is an independent predictor of increases in arterial 

stiffness39 and changes in arterial stiffness which influence central BP through early 

reflective waves are not closely emulated by peripheral BP values.40 

In agreement with previous studies conducted in euglycemic models of obesity in 

rodents,41,42 in the present study obesity was associated with increases in cardiomyocyte 

apoptosis, but only in SHR. In this regard, the excessive cardiomyocyte apoptosis in the 

SHR, but not the WKY rats, closely tracked intrinsic myocardial and pump dysfunction. 

Hence, dietary-induced pump dysfunction may be attributed in-part to excess 

cardiomyocyte apoptosis, a change that is now considered to be an important 

pathophysiological process in the development of heart failure. As LVH is associated 

with cardiomyocyte apoptosis,43 the excessive apoptotic changes noted in obese SHR, 
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but not in WKY rats in the present study may be attributed to an augmented LVH in 

SHR. Alternatively, excessive cardiomyocyte apoptosis in obese SHR may relate to the 

potential leptin resistance noted in these rats and the associated changes in myocardial 

substrate metabolism that may occur with leptin resistance,41 an effect that may result in 

ectopic lipid overload in cardiomyocytes (lipoapoptosis).42 Nevetherless, other 

mechanisms may also play a role, including increases in circulating aldosterone 

concentrations noted to occur in obese SHR.44 

Importantly, in the present study the degree of dietary-induced LV dilatation in 

SHR exceeded that which could be explained by increases in body size, as marked right 

shifts in LV diastolic pressure-volume relations were noted in SHR fed the experimental 

diet even after normalising LV volumes to 100 g body weight. As previously 

demonstrated32 cardiac dilatation is likely to contribute toward progressive pump 

dysfunction and heart failure in pressure overload states. Whether obesity-induced 

cardiac dilatation noted in SHR in the present study is an indirect consequence of 

decreases in intrinsic myocardial contractile function or through direct effects of the diet 

could not be determined. However, the cellular change responsible for cardiac dilatation 

in the present study, appeared to be through the actions of activated collagenases 

(MMP-2)45 as opposed to changes in myocardial collagen concentrations,27 or reductions 

in myocardial collagen cross-linking.27,33,34 

 The limitations of the present study include the following. First, as the present 

study was conducted in a genetic model of hypertension, the differences noted between 

the effects of dietary-induced obesity on the myocardium in SHR and WKY rats, may be 

attributed to molecular or cellular differences rather than to blood pressure effects per 

se. In this regard, further studies conducted in non genetic forms of pressure overload 

hypertrophy are required to distinguish between these effects. Second, although the 

experimental diet had only a 6% higher fat content (weight/weight) as compared to the 
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control diet, we were unable to evaluate whether the fatty acid content of the 

experimental diet as opposed to the presence of obesity per se could explain the 

adverse effects on cardiac function noted in SHR in the present study. In this regard, a 

high fat diet (20% weight/weight) rich in linoleic acid may be beneficial, whilst a lard diet 

(20% weight/weight) may be detrimental to cardiac function in SHR.46 Last, we did not 

study a food-restricted, weight-matched group of rats receiving the experimental diet, as 

we had no method of controlling for the effect of food restriction per se. Thus, the effects 

of the experimental diet in the present study may have been as a consequence of the 

constituents of the diet as opposed to the obesity that the diet produced. Nevertheless, a 

previous study has shown that the adverse effects of dietary-induced obesity on the 

myocardium are likely to be attributed to the obesity rather than to the dietary 

constituents.47 

Perspectives 

The present study indicates that in the absence of further increases in peripheral BP 

or the presence of hyperglycemia, SHR are susceptible to the adverse effects of an 

obesity-inducing diet, which promotes the premature progression from concentric LVH to 

pump dysfunction in this animal model of genetic hypertension. This effect occurs 

through both decreases in intrinsic myocardial systolic function and through cardiac 

dilatation, changes associated with cardiomyocyte apoptosis and myocardial MMP-2 

activation, but not through cardiomyocyte necrosis, or alterations in the quantitative or 

qualitative characteristics of the myocardial interstitium. The potential mechanisms of 

these effects may include a propensity for SHR to develop leptin resistance and a 

proclivity for obesity to exaggerate hypertensive LVH in SHR. 
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Figure 1. Effect of an obesity-inducing diet (Diet) on left ventricular (LV) pump function 

in spontaneously hypertensive (SHR) and Wistar Kyoto control (WKY) rats as 

determined ex vivo from LV systolic end pressure-volume relations (upper panel) and 

the slope of these relations (LV end systolic elastance- LV Ees) (lower left panel) and in 

vivo from LV endocardial fractional shortening (FSend) measurements (lower right 

panel). * p<0.05 for an interaction between the presence of hypertension (SHR vs WKY) 

and diet category. 

 

Figure 2. Effect of an obesity-inducing diet (Diet) on left ventricular (LV) intrinsic 

myocardial systolic function in spontaneously hypertensive (SHR) and Wistar Kyoto 

control (WKY) rats as determined ex vivo from LV systolic stress-strain relations (upper 

panel) and the slope of these relations (LV myocardial end systolic elastance- LV En) 

(lower panel). * p<0.005 for an interaction between the presence of hypertension (SHR 

vs WKY) and diet category. 

 
Figure 3. Effect of an obesity-inducing diet (Diet) on left ventricular (LV) end diastolic 

pressure-volume relations (upper panels), and the volume intercept (LV Vo) of these 

relations (lower panels), before (left panels) and after (right panels) normalising LV 

volumes to 100 g body weight in spontaneously hypertensive (SHR) and Wistar Kyoto 

control (WKY) rats. Left lower panel: * p<0.005, SHR control vs other groups. Right 

lower panel: * p<0.005 for an interaction between the presence of hypertension (SHR vs 

WKY) and diet category. 

 

Figure 4. Effect of an obesity-inducing diet (Diet) on left ventricular cardiomyocyte 

apoptosis (TUNEL) (upper panel) and myocardial matrix metalloproteinase 2 activity 

(lower panel) in spontaneously hypertensive (SHR) and Wistar Kyoto control (WKY) rats. 
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* p<0.005 for an interaction between the presence of hypertension (SHR vs WKY) and 

diet category. 
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Table 1. Effect of an obesity-inducing diet (Diet) on morphological, blood and 

hemodynamic characteristics in spontaneously hypertensive (SHR) and Wistar Kyoto 

control (WKY) rats.  

 

                                                                WKY                   

Characteristic                     Control (n=10)     Diet (n=9)       Control (n=10)     Diet (n= 10)       

SHR 

 

Final body weight (BW)(g)            484±9            527±8**      362±5†      400±6**† 

Tibial length (cm)                4.61±0.12       4.39±0.12     4.68±0.17    4.37±0.12 

Body weight/tibial length (/10)    10.6±0.3         12.2±0.5**      7.6±0.3†           8.7±0.2**† 

Visceral fat (g)                  19.4±1.5         29.4±1.3**      9.6±0.7†          17.2±0.7**† 

Systolic BP (mm Hg)                  124±4              122±4      184±5†             186±3† 

Glycated hemoglobin (%)         4.61±0.22         4.42±0.06     4.78±0.08        4.66±0.09 

Heart weight (g)                1.41±0.15        1.52±0.07     1.52±0.07      1.70±0.23‡ 

LV weight (g)                 1.17±0.15        1.23±0.05     1.22±0.08      1.34±0.14‡ 

LV weight/BW (X100)                2.40±0.003      2.33±0.004     3.41±0.004†    3.55±0.002† 

LV weight/tibial length (x10)      2.53±0.10        2.82±0.11     2.63±0.008      3.08±0.15†* 

Cardiomyocyte width (μm)    17.3±0.4          16.0±0.4      17.1±0.5          19.0±0.7†* 

Cardiomyocyte length (μm)    71.7±1.1          73.0±2.1      76.9±2.1          73.9±2.8       

LV EDD (mm)     7.51±0.16         7.68±0.27       5.54±0.27§        6.64±0.27          

LV ESD (mm)     4.40±0.24         3.85±0.20       1.66±0.19§        2.67±0.40‡ 

LV posterior wall thick. (mm)    2.00±0.10         2.16±0.13       2.98±0.20§       2.56±0.10          

LV relative wall thick. (mm)       0.54±0.04          0.57±0.05       1.04±0.11§       0.79±0.06          

Serum leptin (pg/ml)   1143±128         1040±155           531±85§          1014±81          

Serum insulin (μg/l)   0.35±0.03         0.34±0.04         0.38±0.06         0.26±0.03          

Serum FFA (μmol/ml)   0.38±0.05         0.41±0.04         0.40±0.05         0.51±0.04          

BP, blood pressure; LV, left ventricle, EDD, end diastolic diameter; ESD, end systolic 

diameter; thick, thickness; FFA, non-esterified free fatty acids. * p<0.05 ** p<0.005 vs 

SHR Control diet group or WKY Control diet group, † p<0.001 vs respective WKY group, 

‡ p<0.05 vs WKY Control group, §, p<0.05 vs other 3 groups. 
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 Table 2. Effect of an obesity-inducing diet (Diet) on left ventricular (LV) necrosis 

(pathological score) and interstitial characteristics in spontaneously hypertensive (SHR) 

and Wistar Kyoto control (WKY) rats.  

 
                                                           WKY        

Parameter                           Control (n=10)       Diet (n=9)     Control (n=10)     Diet (n=10)       

SHR 

 

Pathological score         0.88±0.26      0.50±0.18      0.94±0.18   0.88±0.19                   

[HPRO] (µg.mg-1 dry LV)              3.33±0.21      3.16±0.31      8.04±0.54*   9.22±0.43* 

% CNBr solubility         28.6±4.33      35.4±4.8      12.3±1.5*  11.0±1.2* 

Soluble HPRO  (µg.mg-1 dry LV)    0.95±0.12      1.08±0.11      0.96±0.12  0.98±0.09 

Insoluble HPRO(µg.mg-1 dry LV)   2.37±0.20      2.07±0.28      7.16±0.56*  8.23±0.43* 

______________________________________________________________________ 

[HPRO], myocardial hydroxyproline concentration; % CNBr solubility, solubility of 

myocardial collagen to cyanogen bromide digestion. * p<0.001 vs respective WKY 

groups. 
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Figure 1 
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Figure 2 
 
 
 



                                                                                       Obesity and pump dysfunction 28 

Figure 3 
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Figure 4 
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	Although obesity-induced pump dysfunction in SHR in the present study cannot be attributed to further increments in BP as measured in the periphery by tail-cuff techniques, we cannot exclude the possibility that increases in central BP may have occurr...

