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Abstract
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Abstract:

Aim/Hypothesis: Our previous study demonstrated that obesity aggravated peripheral insulin
resistance and brain dysfunction in the ovariectomized condition. However, the effect of obesity
followed by estrogen deprivation on brain function has not been investigated. Furthermore,
lifestyle modification, including dietary intervention or exercise training, has beneficial effects on
the improving of diabetes and Alzheimer's disease. However, the effects of combined calorie
restriction with exercise training on metabolic and brain functions in ovariectomized-obese rats
have not been investigated. Therefore, the hypotheses for this study are that 1) estrogen
deprivation exaggerates metabolic impairment, brain pathology and impairment of learning and
memory (both hippocampal-dependent and hippocampal-independent) in HFD-induced obese-
insulin resistant female rats, 2) the calorie restriction and exercise training attenuate metabolic
impairment and brain pathology in ovariectomized-obese rats.

Methods: In protocol I, thirty-two female rats were fed with either a normal diet (ND, n=16) or a
high-fat diet (HFD, n=16) for 12 weeks. At week 13, rats in each group were subdivided into
sham and ovariectomized subgroups (n=8/subgroup). At week 20, all rats were tested for
hippocampal-dependent and hippocampal-independent memory by using morris water maze
(MWM) and novel objective recognition (NOR) tests, respectively. After that, the brain was
removed for determining brain function. In protocol I, fifty-four female rats were fed with either
a normal diet (ND, n=9) or a high-fat diet (HFD, n=48) for 12 weeks. After that, ND rats were
assigned to sham-operated (Sham), HF rats were randomly assigned to either Sham or

ovariectomized (OVX) groups. Four weeks after surgery period, HF-fed rats with sham
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operation (HFS) were subdivided to received either vehicle (HFSV), calorie restriction (HFSCR),
exercise training (HFSEx), and combined calorie restriction with exercise training (HFSCB) (n=6
/groups) for 6 weeks. HF-fed rats with ovariectomy were subdivided to received either vehicle
(HFOV), calorie restriction (HFOCR), exercise training (HFOEx), combined calorie restriction
with exercise training (HFOCB) and estrogen therapy (HFOEZ2) (n=6 /groups) for 6 weeks.
After that, brain was removed for determining brain function.

Results: We found that the obese- insulin resistant condition occurred in sham-HFD-fed rats
(HFS), ovariectomized-ND-fed rats (NDO), and ovariectomized-HFD-fed rats (HFO). Increased
hippocampal ROS production, increased hippocampal apoptosis, increased hippocampal
synaptic dysfunction, decreased hippocampal estrogen level and impaired hippocampal-
dependent memory were observed in HFS, NDO, and HFO rats. However, the hippocampal-
independent memory, cortical estrogen levels, cortical ROS production, and cortical apoptosis
showed no significant difference between groups. Furthermore, calorie restriction, exercise
training and combined treatment equally improved metabolic function. Moreover, exercise
training had better efficacy than calorie restriction for preserved insulin receptor function.
Interestingly, combined treatment had a greater efficacy in reducing brain apoptosis than single
treatment.

Conclusions: These findings suggested that estrogen deprivation and obesity exclusively
impaired hippocampal-dependent memory, possibly via increased hippocampal dysfunction.
Nonetheless, estrogen deprivation did not aggravate these deleterious effects under conditions
of obesity. Furthermore, exercise training had better efficacy than calorie restriction for
preserved insulin receptor function. Interestingly, combined treatment had a greater efficacy in
reducing brain apoptosis than single treatment. Therefore, combined treatment may be the
best therapeutic approach for neuroprotection in HFD-induced obese-insulin resistance with or

without estrogen deprivation.

Keywords: High-fat diet, Ovariectomy, Cognition, Calorie restriction, Exercise training
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