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ABSTRACT

METHODS

Type 2 Diabetes (T2D) is implicated in vascular cognitive
impairment (VCI). Based on observational studies, regular physical
activity (PA) appears to be the most effective treatment for VCI, but
the underlying mechanisms remain to be elucidated. The purpose of
our study is to examine the relationship between cerebrovascular
function, T2D and PA. We hypothesize that working memory
(Barnes maze) and middle cerebral artery vasomotor function
(pressurized myography) will be impaired in T2D. Further, that
spontaneous PA, initiated after the onset of T2D, will attenuate agerelated declines in memory and MCA vasomotor function. Forty
Otsuka Long Evans Tokushima fatty rats (hyperphagic model of
T2D) will be divided into three groups: food restricted (FR; n=16; do
not develop T2D as we restrict food intake), T2D (n=16) and
T2D+PA (n=8; PA begins at 20 wk). Memory and MCA vasomotor
function will be examined in eight FR and T2D rats at 20 wk (onset
of T2D) and in all remaining rats at 40 wk. We anticipate that
working memory and MCA endothelial-mediated vasodilation
(acetylcholine dose response curve) will be reduced in T2D vs. FR
rats at 20 wk of age. Between 20-40 wk, age-related declines in
working memory, endothelial vasodilation and myogenic
responsiveness (pressure curves) will be accelerated in the T2D
group. However, between 20-40 wk, T2D+PA rats will exhibit
preserved working memory and vasomotor responses, suggesting
PA attenuates age-related declines in cognition and cerebrovascular
function. Potentially, chronic PA improves cerebral endothelial
function and cerebral autoregulation, and as a result helps preserve
working memory in T2D.
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Barnes Maze:
• Circular maze, 20 holes outline the
perimeter; one hole serves as escape
During each of three trials:
• Animal will be timed
• Number of times animal attempts to
enter the wrong hole will be recorded
• Working memory can be quantified by
the ratio of total mistakes to repeated
visits to correct hole
• A larger ratio indicates poor working
memory

NB. MCA
dysfunction
in T2D results in
cognitive decline,
but PA treatment
improves MCA
vasodilatory
properties, and by
extension
enhances
cognition in T2D
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Cerebral vascular function:
• MCA will be harvested, mounted on two
glass pipettes and pressurized to 80
mmHg with PSS to mimic physiological
environment and a dose response curve
for Acetylcholine (ACh) will be conducted

Middle Cerebral Artery

ANIMAL MODEL of T2D
Otsuka
Long
Evans
Tokushima Fatty (OLETF)
rats
lack
functional
cholecystokinin receptors
in the brain, as a result
they are hyperphagic and
develop T2D. As a control
group we food restrict (FR)
OLETF rats by 30%

• At 40 weeks 8 FR, T2D and
T2D+PA will undergo cerebral
vascular and cognitive testing

Running Wheel

• Middle Cerebral Artery (MCA) vasomotor function
and working memory will be impaired in T2D
• Physical activity attenuates age-related declines in
MCA and cognitive function in rats with T2D

40 weeks:
PA ↓VCI
in T2D

• At 20 weeks, 8 T2D rats will gain
access to running wheel (PA
treatment: 20-40 weeks)

Running Wheel/PA:
Eight OLETF T2D rats will be given
access to a running wheel from 20-40
weeks of age. Number of wheel rotations
will be recorded to quantify the level of PA
per rat. We hypothesize that PA will
attenuate age-related declines in MCA
and cognitive function OLETF T2D rats

HYPOTHESIS

• ACh-induced dilation functions through
the release of endothelial- Nitric Oxide.
Therefore, ACh-induced dilation is an
indicator of endothelial function
• Previously, we observed that T2D OLETF
rats exhibit impaired endothelial function,
indicated by reduced ACh-induced
dilation in skeletal muscle arterioles
• We want to extend on these findings and
determine if endothelial function is
impaired in the MCA

Pressure Myograph Set-Up

1

FR

2

3

T2D

T2D

T2D
+PA

T2D+PA

TESTING/PROTOCOLS

INTRODUCTION

20 weeks:
VCI in T2D

n=8

• At 20 weeks of age hyperphagic
OLETF rats develop T2D
• At 20 weeks, 8 T2D and 8 FR rats
will undergo cerebral vascular
and cognitive testing
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At 20 weeks:
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Type 2 Diabetes (T2D) is implicated in Vascular
Cognitive Impairment (VCI). Physical activity (PA) is
known to have many benefits, including the
improvement of vascular function and cognition.
However, whether PA-induced improvements in
cerebral vascular function mediate improvements in
cognition remains to be elucidated fully.

• Upon arrival 24 rats will be given
access unlimited food (OLETF
T2D) and 16 rats will be 30% FR

ANTICIPATED RESULTS: 20 WEEKS
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Figure 4

• Number of mistakes and time it takes to find the escape route will be greatest in OLETF T2D rats
• ACh-induced dilation in the MCA will be decreased in OLETF T2D rats

DISCUSSION: 20 WEEKS
• MCA vasomotor function will be decreased, likely contributing to decrements in cognition in OLETF T2D rats
• Thus, preservation of cerebral vascular health may help maintain cognitive function in a setting of T2D
• Time it takes for T2D rats to find the escape hole will be greater for OLETF T2D rats than control rats,
however, this may be explained by the combination of more mistakes and limited physical mobility

ANTICIPATED RESULTS: 40 WEEKS
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• The number of mistakes in Barnes Maze testing will be markedly greater and MCA responsiveness to ACh
Figure 4
will be drastically reduced in OLETF T2D vs. FR
• T2D+PA rats will complete the Barnes maze with fewer mistakes and display greater MCA responsiveness
to ACh compared with their sedentary counterparts

DISCUSSION: 40 WEEKS
•
•
•
•

Age-related reductions in MCA vasomotor function will be more pronounced in OLETF T2D rats
Accordingly, they will display accelerated cognitive decline
PA will attenuate age-related declines in MCA vasomotor function in OLETF T2D rats
PA-induced improvements in MCA vasomotor function may contribute to improved cognition, thus, forming
PA guidelines for vascular health may be a strategy to treat vascular and cognitive dysfunction in T2D

ALTERNATIVE APPROACH
If our hypothesis is false, we plan to investigate:
• Insulin-Like Growth Factor (IGF-1) and Brain-Derived Neurotrophic Factor ( BDNF)
• BDNF and IGF-1 are hormones that are secreted in response to intense PA and known to work together to
maintain cognitive function by stimulating neurogenesis in the hippocampus
• The hippocampus is involved in consolidation of short to long term memory and spatial navigation
• Thus, we plan to measure the circulating concentrations of these hormones in the setting of T2D with and
without concurrent PA
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