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High-fat dietary treatment of rats was associated with increased body weight and higher serum FFA concentrations. This effect was accompanied by a metabolic profile reflecting the obese state; namely, hypertriglyceridemia, hyperleptinemia, and hyperinsulinemia. Unexpectedly, fat-fed rats did not have higher serum inflammatory markers or attenuated EDV. Also counter to expectations, β-adrenergic antagonism was associated with increased serum FFA, but with a concomitant decrease in serum inflammatory markers, in both lean and obese rats. Furthermore in both dietary groups, rats that received β-adrenergic antagonist treatment had preserved EDV despite increased FFA.

Although much information exists regarding the effects of β-adrenergic modulation on lipolysis and serum triglycerides, very little is known about the effects of long-term β-adrenergic antagonism on serum FFA. In the present study, elevated FFA with β -adrenergic antagonism may have been due to compensatory activation of alternative lipolytic pathways. The adenylyl cyclase–protein kinase A (PKA) pathway recruited for β-mediated lipolysis is also stimulated and inhibited by β-independent factors.28 In addition, a report of fasting lipolysis in mice lacking adipose β-adrenergic receptors23 suggests that alternate pathways of sympathetic nervous system-mediated lipolysis exist. Moreover, there is evidence of β-mediated, PKA-independent lipolysis involving the ERK–MAPK pathway,41,45 as well as a β- and PKA-independent pathway mediated by atrial natriuretic peptide in humans.44 Alternative lipolytic systems, and the degree to which compensatory regulation of these pathways may occur, remain to be elucidated.

The principle cause of increased FFA seen with β-adrenergic antagonism in the present study may have been attenuation of brown fat thermogenesis, a process that requires fatty acid utilization. In brown adipose, stimulation of the 3-adrenergic receptor enhances thermogenesis by increasing uncoupling proteins.52 Consistent with this, administration of the 3-adrenergic agonist CL316243 produced a profound decrease in FFA in obese Zucker rats.27 The change in FFA in response to this potent lipolytic agent occurred despite decreased body weight and white adipose mass (that is increased white adipose lipolysis) and was attributed to the profound increase in fatty acid oxidation in the brown adipose. Consistent with this idea, obese rats given CL316243 had brown fat hypertrophy and increased factors associated with fatty acid oxidation.20 In the present study, exposure to β-adrenergic antagonists may have had the opposite effect, resulting in attenuated white adipose lipolysis with a relatively larger inhibition of fatty acid uptake and oxidation in the brown adipose, producing a net increase in serum FFA.

The lack of association of high-fat feeding with increased CRP, IL6, or TNFα in this study lies in contrast to increased inflammatory cytokine concentrations observed in obese humans14,53 and genetically obese rats19 but is consistent with a study that failed to observe increased plasma TNFα concentrations in rats fed a 35% kcal fat diet for 10 wk.3 Differences in rodent models (that is, rats genetically prone to obesity versus normal rats that are fat-fed) render extrapolation difficult; however, it should be considered that rodent models of dietary obesity may not reflect the proinflammatory obese state in humans. Alternatively, different dietary fatty acid composition29 or greater dietary fat content (that is, 50% kcal fat)4 might have augmented the inflammatory response. Indeed, a 10% reduction in dietary fat to 30% kcal corrected the insulin insensitivity induced by a 40% kcal fat diet;16 it is reasonable to consider that dietary fat content may similarly affect other sequelae of high-fat feeding.

Unexpectedly, increased FFA, associated with either high-fat feeding or β antagonism, did not attenuate EDV. This observation may be related to our findings that suggest β antagonists have antiinflammatory action. This result is consistent with a report of reduced TNFα gene expression and protein production in infarcted rat myocardium after metoprolol treatment39 and with the association of β antagonism and reduced CRP in patients with cardiovascular disease.22 Therefore, β-adrenergic antagonism may reduce the inflammatory response to elevated circulating FFA.

The absence of endothelial dilator dysfunction with high-fat feeding and increased adiposity observed in this study lies in contrast to published work describing the effect of short-term high-fat feeding on isolated arterial rings.33 As with inflammation, differences in the dietary fatty acid composition or absolute fat content may account for the apparent discrepancies between studies of diet and endothelial function.29 Short-term high-fat dietary treatment attenuates ex vivo EDV in rats in the absence of concomitant obesity,33 lending support to the idea that diet-derived fats and their composition may determine EDV. Consistent with the idea that exogenous fatty acids affect EDV, measurement of dilator function postprandially may reveal greater dysfunction.

Finally, the lack of aberrant EDV with high-fat feeding may reflect a lack of measurable response to this condition in this particular vascular bed. Vasodilatory mechanisms are highly specific to stimulus and to the location and size of the vessel.15,34,58 Although the flow response used to quantitate EDV in this study perhaps was not sufficiently sensitive, the trend toward improved EDV with β-adrenergic antagonism observed in both dietary treatment groups (control, P < 0.11; fat-fed, P < 0.17) is consistent with known beneficial effects of these agents on rat vasculature.24 Given the inherent variability, contributed by both subject and investigator, of prolonged in vivo flow determination studies, a larger sampling size will be required to determine significance. Because 2-way repeated-measures ANOVA did not indicate an interaction effect, power analysis was conducted by averaging over dose. The FTI data for each of the 4 treatment groups were analyzed by using 2-sample unequal-variance t tests, and within-group standard deviations were estimated from the observed data. If a biologically relevant true mean difference of 40 mL between treatments is assumed, then a sample size of 14 fat-fed rats and 27 control rats would be required to achieve 0.80 power.

In conclusion, we found that β-adrenergic antagonism unexpectedly increased serum FFA in both control and fat-fed rats, but EDV was unchanged, and inflammatory cytokine concentrations were reduced. If FFA contribute to endothelial dilator dysfunction in obesity, then β-adrenergic antagonist treatment may attenuate the proinflammatory effects of FFA, a protective mechanism unrelated to a direct reduction in serum FFA concentrations. The absence of inflammation and attenuation of EDV with 16 wk of a moderate-fat diet indicates that further investigation of in vivo effects of targeted dietary treatment is warranted, so that functional changes can be assessed in light of systems interrelationships in the intact animal.

Efficient, feasible, and clinically relevant study of the obesity epidemic requires a reliable in vivo model that can be subjected to repeated measures and interventions reflective of the human condition. Studies of ex vivo EDV must be validated in the intact rat, and dietary composition must be controlled carefully and representative of dietary intake in affected humans. To this end, long-term studies are in progress to compare the effects of varied dietary fat composition on cardiovascular inflammation and apoptosis in rats. In addition, the noninvasive modality of ultrasonography is being used to perform sequential echocardiographic studies of cardiac systolic and diastolic function and to investigate the measurement of flow-mediated vasodilation of peripheral arteries.

