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I Preclinical models and methods for studying
metabolic flux

« The limits of snapshots when trying to understand a moving picture.




Learning Objectives

 Understand how mice and rats differ regarding
aging and metabolism
« Understand how strain impacts outcomes of aging

and metabolism
« Understanding of how sex interacts with species

and strain




| Krogh Principle

"for ... a large number of problems there will be some
animal of choice, or a few such animals, on which it can
be most conveniently studied."




To understand how mice
| and rats differ regarding 2
aging and metabolism




| Rodent models in aging
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Evolutionary Relationship Between Rats and Mice
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I Maximum Lifespan of Common Laboratory Rats
and Mice

Rats Mice

F344 DBA

1 Male
1 Female




| Rodent versus human pathology

Incidence of Major Pathology

Mice Rats Humans
B Cancer Heart Disease Renal Disease
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Review

Bring Back the Rat!
Christy S. Carter, PhD,"* Arlan Richardson, PhD,? Derek M. Huffman, PhD,* and Steven
Austad, PhD*




Am J Physiol Endocrinol Metab 307: E859-ES71, 2014.
First published September 9, 2014; doi:10.1152/ajpendo.00165.2014. Review

The regulation of glucose metabolism: implications and considerations
for the assessment of glucose homeostasis in rodents

Greg M. Kowalski and Clinton R. Bruce
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| Rodent versus human metabolism
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| Muscle Differences
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5. Social behaviour

As illustrated below, the open-field test can be used to investigate degrees of social
interaction. Pairs of animals of the same gender are placed in the open-field apparatus and
behaviours such as aggression and anxiety monitored. The conditioned place preference

“.. Rats

= Show more affiliative social behaviour.

+ Spend more time in close proximity to
each other.

« Most rats find social behaviour
rewarding and prefer areas where they
had previous contact with other rats.

(CPP) model can also be used for social interaction texts (see main text; not shown here).

- Show more aggressive social
behaviour.
+ Most mice avoid areas where

they previously encountered
other mice.

"

8. Cognitive behaviour

In the Morris water navigation maze assay, animals are released from different points in a
large swimming pool and have to find the location of a platform hidden below the water
surface. The test is used to study spatial learning and memory.

©. Rats B3 Mice
« Are more adapted to water and

+ Are much more stressed in a water maze.

show less stress in water mazes. + Show a less efficient strategy in
« Show a more clear-cut spatial maze-learning, preferring to take a
strategy in maze-learning. circular path.
+ Often require substantially more
training to reach criterion.

Rodent models in neuroscience research: is it a rat race?

Bart Ellenbroek* and Jiun Youn
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Journal of Gerontology: BIOLOGICAL SCIENCES Copyright 1999 by The Geroniclagical Society of America
1999, Vol. 547, No. 11, B492-B501

Growth Curves and Survival Characteristics of the Animals

| Lifespan extension differences Jimie Bomrem cffsme frognm

Angelo Turturro,' William W. Witt,2 Sherry Lewis,’ Bruce S. Hass,2 Ruth D. Lipman,’ and Ronald W. Hart*
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| Lifespan extension differences
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Metformin improves healthspan and lifespan

IN Mice

Alejandro Martin-Montalvol*, Evi M. Mercken!*, Sarah J. Mitchell23, Hector H. Palacios!, Patricia L. Mote?,
Morten Scheibye-Knudsen®, Ana P. Gomes®, Theresa M. Ward', Robin K. Minor?, Marie-José Blouin?,

Matthias Schwab8, Michael Pollak’, Yongqing Zhang®, Yinbing Yu'?, Kevin G. Becker®, Vilhelm A. Bohr?,
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. To understand how
I strain Impacts
outcomes of aging and
metabolism

Objective 2
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Strain Considerations
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Figure V.3. Representative age ranges for mature life history stages in
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Research. In The Mouse in Biomedical Research 2nd Edition. Fox JG,
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| Strain Considerations
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| Strain Considerations
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To understanding of
| how sex interacts with  EREitE
species and strain




Joumal of Gerontology: BIOLOGICAI SCIENCES Copright 1999 by The Gerontclagical Sactety of America
1999, Vol. 544, No. 11, B492-B501

Growth Curves and Survival Characteristics of the Animals

I SeX D i ffe re n Ces Used in the Biomarkers of Aging Program

Angelo Turturro,' William W. Witt,” Sherry Lewis,? Bruce S. Hass,> Ruth D. Lipman,® and Ronald W. Hart*
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Figure 4. Body weight and age in B6-NIH mice—Shipping Group. Average
body weight (BW) for ad libitum (AL) and calorically restricted (CR) male AL
(AL-M), female AL (AL-F), male CR (CR-M), and fernale CR (CR-F) mice at
different ages (in months). Data early in the life span from over 2,400 (male)

Figure 7. Body weight and age in F344 X BN F1 rats—Shipping Group.
Averape body weight (BW) for ad libitum (AL) and calorically restricted (CR)
male AL (AL-M), female AL (AL-F), male CR (CR-M), and female CR (CR-
- F) rats at different ages (in months). Data early in the life span from over 2,000
p and 1,100 (female) animals. (male) and 1,500 (female) animals, Note the difference in scale from Figure 6.
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| Sex Differences
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Sex Differences

Compound Amount in | Age at treatment | Females (Median; Males (Median; at | Source

Food initiation at 90% mortality) 90% mortality)
Rapamyein_Mid 14 ppm 9 months Increased 21% Increased 13%; (Miller et al_, 2014)
Phase IT Increased 11% Increased 8%
Rapamycin_HiP 42 ppm 9 months Increased 26%; Increased 23%; (Miller et al_, 2014)
hase IT Increased 11% Increased 8%
NDGA Lo_Phase | 800 ppm 6 months -EE Increased 8% (Harnison et al., 2014)
I (median)**
NDGA 2500 ppm 6 months -EE Increased 10% (Harrison et al_, 2014)
Med_Phase II (median)**
NDGA Hi_Phase | 5000 ppm 6 months 0; —** Increased 9% (Harnison et al_, 2014)
I (median)**
Acarbose+Rapa

Metformin+Rapa

Sex Differences in Lifespan

Steven N. Austad!-’ and Kathleen E. Fischer!

Compound Amount in | Age at treatment | Females (Median; Males (Median; at | Source
Food initiation at 90 % mortality) 90 % mortality)
Aspinin 20 ppm 4 months 0:0 Increased 8%; 0 (Strong et al., 2008a)
NFP 200 ppm 4 months 0:0 0:0 (Strong et al., 2008a)
NDGA 2500 ppm 9 months 0:0 Increased 12%: 0 (Strong et al., 2008a)
4-OH-PBN 315 ppm 4 months 0;0 00 (Strong et al., 2008a)
CAPE 30 ppm 4 months 0:0 0.0 (Harrison et al., 2009)
CAPE 300 ppm 4 months 0;0 0:0 (Harrison et al., 2009)
Enalapril 120 ppm 4 months 0:0 0:0 (Harrison et al_, 2009)
Maleate
Rapamycin 14 ppm 20 months Increased 13(38)%* | Increased 9(28)%* (Harrison et al., 2009)
Rapamycin 14 ppm 9 months Increased18%; Increased 10%:; (Miller et al., 2011)
Increased 13%; Increased 16%:;
Simvastatin 12 ppm 10 months 0:0 0.0 (Miller et al.. 2011)
Simvastatin 120 ppm 10 months 0;0 0:0 (Miller et al.. 2011)
Resveratrol 300 ppm 12 months 0:0 0:0 (Miller et al., 2011)
Resveratrol 1200 ppm 12 months 0:0 0:0 (Miller et al., 2011)
Resveratrol 300 ppm 4 months 0:0 0:0 (Strong et al., 2013)
Oxaloacetic acid 2200 ppm 4 months 0;0 0;0 (Strong et al., 2013)
Green tea 2000 ppm 4 months 0;0 0:0 (Strong et al., 2013)
extract
Curcumin 2000 ppm 4 months 0:0 0:0 (Strong et al., 2013)
Medium chain 60000 ppm | 4 months 0:0 00 (Strong et al., 2013)
triglyceride oil
17a-Estradiol 48 ppm 10 months 0:0 Increased 12%: 0 (Harrison et al_, 2014)
Methylene Blue 28 ppm 4 months 0;0 0;0 (Harrison et al_, 2014)
Acarbose 1000 ppm 4 months Increased 5% Increased 22%; (Harrison et al., 2014)
Increased 9% Increased 11%
Rapamycin_IoP 4.7 ppm 9 months Increased 16%; 3%: 0 (Miller et al., 2014)
hase II Increased 5%
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| Other important
reminders

Objective 4




| Age (the control)
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| Bioavailability
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Human Bioavailability (%)

Animal vs. Human Oral Bioavailability
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| What is your goal?

Mechanism
Genetic tractability — Mice

Translation
Some organ systems and the trajectory of aging — Rats

Adopt model based on experimental goals




| Learning Objectives (revisted)

e Descri
e Descri
e Descri

DEC
DEC

DEC

how mice and rats differ regarding aging and metabolism
how strain impacts outcomes of aging and metabolism
of how sex interacts with species and strain
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