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FIG. 1 shows the most simplistic view of the
development of metabolic syndrome (MetS) in the
typical chronic studies underway in our research
program. The Lean pig on a standard diet is a
relatively “NORMAL” HEALTHY pig (left axis), which
has a body weight at sexual maturity of ~35 kg.
This is also depicted as minimum (MIN) relative
insulin resistance, vasculopathy, etc. on the right
axis. We prefer to study these pigs after sexual
maturity when the body weight of Lean pigs is
relatively stable, thus minimizing those variables.
The excess calorie atherogenic diet elicits MetS,
which progresses in severity as the pigs become
more obese, etc. up to some maximum (MAX). The FIG. 1. Development of metabolic syndrome (MetS)
duration of MetS development (excess atherogenic
diet) can be short (~3 mo.) to long (~6-9 mo.). Another MetS group is typically treated in PREVENTION or
REVERSAL studies by exercise, drugs, device, or surgery (e.g. bariatric). Intense efforts are directed to
elucidating unknown effects (?; green, light blue, red curves) of various therapies and their cellular and
molecular mechanisms of action.
FIG. 2 is a flowchart of steps in the experimental
design shown by the circled numbers. In step 1
“Healthy”, Lean Ossabaw controls are compared to
pigs that are fed excess calorie atherogenic diet for
3-9 months to induce obesity and MetS. Another
MetS group can be treated with exercise, drugs,
devices, or surgery (e.g. bariatric) to assess
prevention or reversal of MetS and subsequent
cardiovascular complications. After this longest
phase of a typical chronic study, which is conducted
largely in the Purdue Ossabaw Facility, pigs are
transported to the Indiana University School of
Medicine (IUSM) facility for more detailed MetS
assessment (step 2), which includes intravenous
glucose tolerance tests, plasma lipid analyses,
magnetic resonance and computed tomography FIG 2. Overall experimental design
imaging of body composition, etc. Pancreatic beta cell imaging is done with positron emission tomography to
compare to immunohistochemical and plasma insulin responses that show evidence of beta cell collapse. The
major steps 1 and 2 in our overall experiment design characterize the pathogenesis of MetS and
progression to type 2 diabetes.
Step 3 involves in vivo assessment of cardiovascular disease (CVD), with emphasis on coronary artery
disease (CAD), by angiography and intravascular ultrasound (IVUS). Vascular stents are placed in the
coronary and other vascular beds (e.g. renal artery) and pigs allowed to recover 1-4 weeks. During the
recovery period in step 4 after arteries were not interrogated, the natural course of CAD occurs, which is
compared to restenosis of stented arteries and “peri-stent” CAD in arteries that were stented. Prior to
euthanasia in step 5 angiography and IVUS again assess CVD and CAD. A major undertaking in step 6 is the
harvest of ~50 different tissues from each pig, which provides ample tissue for investigators in the Comparative
Medicine Program and across the country. Histology (step 6, 7) quantifies neointimal hyperplasia, etc. at
sacrifice. Arteries, liver, etc. are frozen for later distribution and fresh tissues are used for in vitro study of
cellular and molecular mechanisms. Steps 3-7 mainly characterize CVD, but tissues harvested (e.g.
pancreas, liver) also enable study of the pathogenesis of MetS and type 2 diabetes.

