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Key Topic

Body Composition Analysis (BCA)
on lab animals with NMR
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BCA on Mice and Rats i &M A @) HH
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Body Composition is a BioMarker
(body weight often not)

Animal Models (Mice & Rats) for:
« Diabetes & Obesity Research
. Dietary Analysis
- Gene Knock-Out Mice

-
&

Requirements:

eRoutine & Quick Method

eCompatible to Animal House Fat
eLow animal health risk
(longitudinal studies)
eMethod for Mice & Rats Free Fluid
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Current Methods for BCA on Mice and Rats B(';m(" QyER
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DEXA (Dual Energy X-Ray Absorption)
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DEXA Method7 % e

*

Dual Energy X-ray Absorption

(also DXA)
« Harmful radiation h 4
* Requires Anesthesia “"f" SR
« Animals don't eat following scan i\ l
« Only 1 scan per week (rats) i
» overlap bone, tissue (2D scan) \ !;
» ID Chips not possible
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TD-NMR BCA History

First Mouse Systems

Introduced in USA in

2001 (mqg-7.5, LF50)
First Rat Systems

Introduced in USA in
2004 (LF90)

Bruker Optics

The 2nd Generation BCA Analyzer: siGien
the minispec LF9011

Introduced ISMRM May 2007
Press Release Pittcon 2008

(with capability of measuring
rats up to 850g body weight)
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BCA by TD-NMR

Body Composition Analysis (BCA)
with the minispec
bench-top TD-NMR

Bruker Optics

When we talk about N.M.R.

Mon Cot 4 12:53:43 1992 (untifled.
Wl 1H Seak = 1502 Hzdem W1 /2) =050 Hz

i

2500 ppn

...NMR spectrum or MR Image will come to our mind.

But TD-NMR does not deal with the above
\_ J
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What is TD-NMR?

—
Time Domain Nuclear Magnetic Resonance;

Benchtop NMR;

Low Resolution NMR;
Low Field NMR;

QC type NMR analyzer;
Non-spectroscopic NMR;
Relaxometry;

Bruker Optics
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TD-NMR History

2nd generation (1972) 3rd generation (1980) 4th generation (1983) 5th generation (1993)

6t generation

New Additions
(1999)

(2008)
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NMR Nutshell -

NMR requires only very low energy radiation

L 3
I ED | a4
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Casmic Ultraviolet Visual Infrared
Rays X-Rays (Sun Rays) Light {Heat Waves) Microwaves Radio Waves AC Power

High Frequency: | \_/\f\/’\.l_ =
(Short Wayelengths) ! —

1_T

6.2 MHz up to 60 MHz
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Where NMR signals come from?
—

Any NMR-sensitive nucleus (such
as hydrogen) has a positive
electric charge and a nuclear spin.
Together, these give the nucleus a
magnetic moment, so that it
behaves like a small magnet.

A hydrogen nucleus is a small magnet
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Where NMR signals come from?

*

RF Pulse Transient

All frequencies in, Resonant frequency signal out

N
Conditions for observing NMR signals:

« A fix external magnet;

Devices for transmitting and
receiving RF;

A sample.

r

A RF pulse changes direction of spins in the
sample inside a detecting coil;

This leads to a change in magnetic flux in
the detecting coil;

Inducted current, i.e. NMR signal, is then
produced in the detecting coil

similar to an electric generator

Bruker Optics
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RF Pulse Transient
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TD-NMR Signal

A. The first part of signal (intensity) is

NMR Signal directly related to the number of nuclei
in the sample (more NMR signal
100 means more nuclei in the sample);
90 | B. The rate of decay (T,) is related to
80 I mobility of molecules (liquids have
70+ \ Solid (Crystalline phase) longer decay time than solids).

Intensity
a
o

20 + Liquid (Amorphous phase)

0.0074 0.0274 0.0474 0.0674 0.0874

time (ms)
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TD-NMR Signal
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TD-NMR Signals

—

S

2

E‘ “Pure” liguid

i

g

=)

« “Impure” liguid

Time t
\_ J
Bruker Optics
B(I;a(l(gﬂ
[ W)
AR AR B 645 B

—
BaiiZa g, KFHEMRE

A RE(ARD EHTEATR)

R RERG, TETERARNE
EMBRTH, RRAOXE, AEXR
ERBEPRUEE

REFMHE, ERXRTLRUARYKTYVE
AREHBERGTERA

ARMBEARANEREEKAE

Bruker Optics

11



C><)
SCSZE®
TD-NMR Signals from mice
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TD-NMR Signals from mice
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BCA Calibration

a 5 10 15 20 25 30 35
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Prediction vs True / Lean [g] / Cross Validation

32

36

44

TD-NMR is a proven
technique for the
deternination of body
fat and lean in live

mice and rats.
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f Prediction vs True / Fat[g] / Cross Validation \

/
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Measuring a rat
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BCA by NMR: Accuracy & Precision

No Sample ID Date Time Fat (g} Lean (g) Fluid {g)
387 iMySampls SEP.15,2005 09:57 70,65 4592 14.04 {
333 iMySample SEP.15,2005 09:59 70.74 427 14.08 (
325  MySampls SEP.15,2005 10:01 70,68 428 14.04 {
380 iMySampls SEP.15,2005 10:04 70.75 484 14.08 {
351 MySample SEP.15,2005 10:06 70.62 4.96 14.086 (
352  MySampls SEP.15,2005 10:08 70,68 429 14.05 {
383  iMySampls SEP.15,2005 10:10 70.75 483 14.07 {
354  MySample SEP.15,2005 10:13 70.74 427 14.08 (
385 MySampls SEP.15,2005 10:15 7063 4592 14.07 {
395 iMySampls SEP.15,2005 10:17 70.66 488 14.07 {
357  MySample SEP.15,2005 10:20 70.63 45 14.08 (
353  iMySampls SEP.15,2005 10:22 70.71 428 1411 {
395 MySampls SEP.15,2005 10:24 70.7 4582 1411 {
400 iMySample SEP.15,2005 10:27 70.72 428 141 (
A IMwSamnle SFP 15 2005 1025 763 4 25 141 L

|41 Record | 420 v w4

)

Repeated measurements on a phantom sample

Bruker Optics
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BCA by NMR: Accuracy & Precision Lo
Duplicate rat test results:
Sample  Weightg Fat%  Fluid % Lean% —
omM_91 621  302%  44%  58.6%
oM 91 e Gmach S G —— B
onv_92 468 243%  3.9%  659% 2w st
onv_92 468  240%  37%  658% . v
oM_93 557  28.3% 38% 612% 0
oM_93 557  285%  4.1%  61.4% an
OoM_94 488 191%  3.4%  705% g
OM_94 486 19.0% 36%  70.7% e
oM_95 809 285%  4.1%  60.8% 0o
oM_95 609  285%  41%  60.7% &
OoM_98 586  259% 34%  628% A /
oM_98 588 257%  34%  632% L
onv_97 617  27.5%  4.1%  61.4% g)/
OoM_97 817  27.2% 44%  61.8% e 7
onv_98 156 19.7%  42%  69.9% .
on_98 156 20.1%  3.8%  69.1% x‘f
oM_99 267 208%  3.9% 71.0% 5 w4
oM_99 267 203%  3.9%  T71.4% -
; o = » ’ )
chemrat
_ J L )
Repeatability NMR vs Chemical Analysis
Bruker Optics




BCA by NMR: Validation

Results of awake Animal

Fat/ g

Lean / g

Anesthetized Mouse:

Live Mouse: 4.14 (STD O

4.01 (STD 0.01)

19.87 (STD 0.16)
.11) 18.2 (STD 0.4)

NMR vs. DEXA vs. Carcass Analysis

Fat(NMR) / g Fat(DEXA) / g Fat(Chem) / g
Mouse I: 12.8 + 0.7 12.6 *+ 1.0 9.0 + 0.6
Obese Mouse: 30.1 *+ 0.9 30.2 + 1.3 24.1 + 0.9
DEXA: double energy X-ray absorption Bruker Optics
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Software Interface

"M BRUKER - the minispec - live_rat_demo.sig

Fle Edit themnispec Messure Parsmeter View Process Window Help

AT B®| %L

Fat: 26.20g

= live_rat_demo.sig
[Intensitys4]
100

e e
10000 20000 Mime/ms] [l <

18y e | 22

Sample ID Date Time | Fatig) [ Lean(g) | Fuid(g) |
26.2 237.35 11.84

_ 2
.|| Daily Check | v~
(=]ES

Operator — |

70 x|

Calibrated Check!

live_rat_demo
1 DemoTest OCT 25,2006 20:56 26.20 Smith
DemoTest

W[ 4|Record 2 [rm] 4 3 z‘!ninispec

MUID Al

Continue .f Stop @ Measurement in Progress BRUKER
ci\..fat_2p51_demo'live_rat_demo
ExpSpel Application Running. .. DEMO o
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Selected Customer List Lo

Key customers
Sanofi-Aventis
Johnson & Johnson
Merck

Industry customers
Merck

Solvay

Banyu Pharmaceutical
Lilly
Boehringer-Ingelheim
Roche Pharmaceutical
Janssen Pharmaceutical
Acceleron

Metabasis

Metabolex

Develogen

Sankyo Co.

Academic customers
University of Graz
University of Colone

DIFE Deutsches Institut fur
Erndhrungsforschung

Ecole Normale Superieure
CERBM-GIE

Louisiana State University
University of Florida
NIH-NIA

Penn State University
University of Michigan
Oklahoma University
Laval University

Guanjo University, Korea
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LF90ll Characteristics

NMR Frequency:
Magnet Type:

Magnet Temperature:
NMR transmitter:
NMR receiver:
Sample size:

Sample Holders:
Analysis Time:

Short Term Stability:
Long Term Stability:
Results data format:

Parameters Analyzed:

Analysis repeatability:

—

6.2MHz

Rare earth permanent magnet

Controlled to 0.01°C precision or better
Broadband, 220W, linear power attenuation
Temperature regulated, gain range 80dB in 1dB steps
up to 850¢g

Body Fat, Body Lean and Body Free Fluid

51mm OD for mice, 89mm OD for rats

ca. 2 minutes per animal

better than 0.5g for each component

STDEV< 0.3 for each component within 2 hours
STDEV< 0.5 for each component within 100 hours
Microsoft Access and Excel data files

Bruker Optics
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LF90ll Characteristics
—

Dimensions: 62 x48 x 122 cm (D x W x H)

Weight: ca. 380kg

Sitting: Sealed enclosure on wheels

Power requirement: 115 or 220VAC, 700W

Host PC: Any Pentium PC running Microsoft Windows XP
NMR software: Runs with Windows XP Pro

Instrument GLP:
Automatic logging of system status and state of all major components
Daily Check and Automatically logging system parameters
Extensive diagnostics for all major components

Calibration: Pre-calibrated by factory
Calibration Tools: Available with the system
Calibration by User: Available (optional)
\_ _/

Bruker Optics
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LF90ll Characteristics

—
GLP Features

Self test on all units, Daily check

Internal signal routing, calibration validation
Automatic data logging, QC statistic mornitoring
Raw data and calibration protection

Remote data access

Remote system diagnostic

Bruker Optics




BCA by TD-NMR

Examples from publications

Bruker Optics

BRUKER
Fig. 3 Changes of body weight(g), fat mass rate and lean mass rate (w/w%) in mice fed a high fat diet, [ )
D12492 (35 w/w% lard), during a 4-week period. A, body weight (g); B, fat mass rate (w/w%) to body weight;
C, lean mass rate (w/w%) to body weight. Control diet, CE-2 (Clea Japan) contains 4.4 w/w% fat.
( A ( R
28 A 18 B
26 16
14
224 § 12
2 s 10
o 5 58 ol
—=— Control diet w6
20 —o-D12492 4 —o— Control diet
2 ——D12492
18 ‘ . : ‘ o
1 2 ; fa a 0 1 2 3 4
D-12492 load periog D-12492 load period (wks)
L 90, ©C L J
;\? 85
2
E’ 80
c
o
2
75 —o— Control diet
—=—D12492
70 T T T T T
0 1 2 3 4
D-12492 load period (wks)
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Fat in Liver

Table 2 Fat contents of liver in mice after overnight fasting

NMR parameters

- liver weight fat contents in liver” TG contents®
Groups () (mg/g liver) (mg/g liver)
fat mass (g) lean mass (g)
Fasting 1.179 £ 0.044 0.240£0.018 093004 2029+ 11.39 57331213
Ad 1ib control  1.382 +0.032 0.208 +0.007 1.07 £003 151.2+ 5.59 3.52+£0.38
Yestimated using following equation: fat mass (mg) / liver wight (g), “enzyme assay
J
L . . N
Table 3 Fat contents of liver in mice orally treated with PPARY agonist for 10 days
liver weight NMR method Biochemical method
(2
Diet Drug n fat mass () lean mass Fat content TG TC

(2 (mg/g liver) (mg/g liver) (mg/g liver)

HFD  vehicle (0.5%MC) 10 247240061 061430060 1.716£0061 2439+138 61.68+487 5874080
PPARYy agonist, 10mpk 10 1.944+0093 033120023 1.42920.067 177.7% 42 20.22+486 3433060

CE-2  vehicle (0.5%MC) 5 194140058 0.238+0012 141620065 1228% 62 7.63%£035 2652010

HFD: 35w/w% fat diet, CE-2: control diet (4.4w/w% fat diet), Biochemical method: enzyme assay using com-
mercial kits (KYOWA determiner)

N\ J
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Tissue Analysis using other minispec instruments &<
Mq-20TA
NMR Frequency: 20MHz
Magnet type: permanent 0.47T
Magnet Tempeature: controlled 3

Sample range: 0.05 - 5g
Sample Holder: 18mm dia. O.D. .
Sitting: On-bench or cart-
mounted on wheels

Host PC: Pentium 4 or higher
1S09001 standard certified

Mq-60TA

NMR Frequency: 60MHz

Magnet type: permanent 1.41T

Magnet Tempeature: controlled

Sample range: 3.0 - 150mg

Sample Holder: 7.5mm dia. O.D.

Sitting: On-bench or cart-

mounted on wheels

Host PC: Pentium 4 or higher

1S09001 standard certified
a4
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Operation

Load sample into a
vial, then place the
vial into a test tube

E Insert the test tube into
the minispec instrument

n Click the Measure
button to start
analysis.

Bruker Optics

Summary

—
TD-NMR for Body Composition Analysis

1. Animal is analyzed as Whole
2. No Anesthetizing is needed

+ Less stress for animals, and high throughput
3. Rapid Analysis

+ Less than 2 minutes per measurement
4. High Reproducibility

» Better than DEXA and Chemical methods

Bruker Optics
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WwWw.minispec.com
www.brukeroptics.com
www.bruker-biospin.com
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