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Background - Glucose Homeostasis

Normal blood glucose range (euglycemia): 4-10 mM
Hyperglycemia: >10 mM

Type 1 Diabetes: Loss of pancreatid -cells

o o Do Do

Type 2 Diabetes: Insulin resistance

3 P’S OF DIABETES

A Polyuria:
1. Polydipsia: an increase in thirst A Main symptom of undiagnosed or poorly controlled diabetes
2. Polyuria: frequent urination . . :
y d A Caused byhyperglycemic saturation of renal glucose reabsorption

3. Polyphagia: a rise in appetite
A Excess glucose in urine draws more fluid (osmotic diuresis)

A Leads to Polydipsia and severe risk of dehydration




Background a Mouse Models of Diabetes

A

Obesity/Prediabetes

A Diet-induced obese (DIO) C57BL/6J or-N
A Moderate obesity
A Mild to moderate insulin resistance

Type 1 Diabetes

A NOD (Non-Obese Diabetic) mice:

A Polygenic autoimmune type 1 diabetes
A Spontaneous loss of pancreatic beta cells

A Streptozotocin / Alloxan treatment:
A Selective destruction of pancreatic beta cells
A Rapid and severehypoinsulinemia & hyperglycemia

Type 2 Diabetes

A Ob/ob mice:
A Leptin deficiency Y Polyphagia
A Moderate to severe hyperglycemia & insulin resistance
A Db/db mice:
A Leptin receptor deficiency Y Polyphagia
A Severehyperglycemia & insulin resistance
A Diabetic complications (neuropathy, cardiomyopathy, infertility)
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Highly variable phenotype progression

aboth in time -course and magnitude
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To investigate if tracking of bedding moisture in the home cage can be used

to identify the onset of polyuria in mice as a diagnostic marker of hyperglycemia

Highly variable phenotype progression & both in time -course and magnitude
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Comparing Urination Rates

A Estimating e@Urination¢c with DVC

A

Materials in the cage attenuates signal from DVC electrodes (bedding, nest,
fluids, mouse, etc.)

Bedding status index = average signal strength from all electrodes

A Declines in response to drinking, urination, mouse growth, water bottle leaks
A Increases in response to evaporation, respiratory water loss, and bedding changes

Convert to incremental change and invert sign
Remove bedding changes

Calculate cumulative change
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Testing Linearity

A Proof-of-concept:
CD1 mice (Crl:CD1(ICR))

A
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Testing Linearity
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Pilot Studies

Type 2 Diabetes (University of Copenhagen)

Type 1 Diabetes Charite, Berlin)
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Pilot Studies

A Ob/Oh -Pee (Type 2 Diabetes):

A

A
A

10 male ob/ob mice (B6.\-Lepob/JR), individually
housed in DVC

3 weeks old at study start

Blood glucose, body weight, and water consumption
recorded 3x/week

Reference groups:

A 16 male & 16 female C57BL/6JR]j mice, 4 per cage in DVC
system

A 3 weeks old at study start
A DVC data only
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Urination (AU)

Pilot Studies

A

Ob/Oh -Pee (Type 2 Diabetes):
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STZ£Pee 2.0

Type 1 Diabetes

Charité, Berlin
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Type 1 Diabetes: STZPee 2.0

A Study Design:
A 28 female C57BL/6J, pair -housed in DVC rack (14 cages)
A Age at study start: 7 weeks
A Study duration: 10 weeks

A Grouping:
A Cage 1-6: Control (n=6)
A Cage 7-14: STZ (n=8)

A STZ treatment: 55 mg/kg daily for 5 consecutive days

A Blood glucose, body weight, food, and water consumption recorded twice weekly
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Type 1 Diabetes: STZPee 2.0  cumative Urination
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Type 1 Diabetes: STZPee 2.0

Individual Cages - Urination

Blood Glucose vs. Ul:

Water Intake vs. Ul:
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Type 1 Diabetes: STZPee 2.0

Individual Cages - Cumulative Food
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Type 1 Diabetes: STZPee 2.0

Baseline (Day 0-10)
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Type 1 Diabetes: STZPee 2.0

Regression Slope + SE
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Observer Effects

dWhat we observeis not nature itself,
but nature exposedto our method of questioningd

- Werner Heisenberg, 1958
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Observer Effects- Ob/Oh-Pee Study

Urination (AU)
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Observer Effects- Ob/Oh-Pee Study
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Observer Effects- Ob/Oh-Pee Study

Incremental "Urination" - Cage Handling Effect
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Observer Effects- Ob/Oh-Pee Study

Urination (AU)
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Observer Effects- Ob/Oh-Pee Study
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Observer Effects- Ob/Oh-Pee Study
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Automating the Analysis

UrinatoR



UrinatoR

UrinatoR How-To & Link to App and Pre-Print: www.tsnscientific.com/urinator

@ UrinatoR: a tool for visualizing m

& ht r-rmpp.shinyapps

UrinatoR: a tool for visualizing mouse urine data fro

Step 1A: Upload a DVC data file or load demo data

Select CSV separator used in the data file

Select the decimal mark used in the data
file

" V‘

Upload a DVC file as csv - be sure to
select correct decimal and seperator!

(GEGE average.csv

Upload complete

The Following groups have been detected in the dataset: STZ, Ctrl

Step 1B: Continue previous session

Upload an RDS object

No file selected

Step 1C: Load demo data

Data Upload

Step 2: Upload an event file

Event file is necessary to remove cage changes from data file. This is only possible after
you upload a data file.

Select CSV separator used in the event
file

. - |

Select the decimal mark used in the
event file

‘- V‘

Upload an event file as csv - be sure to
select correct decimal and separator!

UGEGE  events.csv

Upload complete

set a range in minutes for how many data
points around events that will be
excluded

20

Resolution of data (in minutes per

timepoint)
10
e ™
( =» Process data
N S/

Circadian Plot of Incremental Data
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1 |zT !Meanictrljoxj Mean_Ctrl_Box_4 Mean_STZ Box_1 Mean_STZ Box_2 SEM_Ctrl_Box_3 SEM_Ctrl Box 4 SEM_STZ Box_1 SEM_STZ Box 2
2 0 -0,107095109 -0,122943973 0,241059122 -0,005568198 0,0172348 0,017243773 0,026426442 0,011728976
3 1 0,073452296 0,04834698 0,189720527 0,094321883 0,011152496 0,010961874 0,037178257 0,0134795
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5 3 -0,001921637 -0,036748791 0,331395505 -0,024433997 0,013678952 0,01887473 0,032216826 0,014430253
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7 3 -0,030284165 0,010156049 0,436861494 0,015077606 0,008724218 0,007781516 0,034516553 0,01601962
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