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MEASURING CHANGES IN ORGAN COMPOSITION USING DUAL ENERGY X-RAY

ABSORPTIOMETRY: POTENTIAL FOR RODENT STUDIES ON ALCOHOLISM

Our aim was to test whether or not dual-
energy x-ray absorptiometry (DEXA) was ca-
pable of measuring changes in the livers, hearts
and kidneys of laboratory rats exposed to long-
term alcohol ingestion. We dissected nine
male rats of a strain (Long Evans, weight 480–
530 g) that will later be used in studies of al-
coholism. We used a PIXImus DEXA apparatus
to measure organ composition. DEXA was
found to be a plausible tool for measuring and
identifying the sort of composition changes
that may occur in the liver, heart and kidney
as a result of prolonged exposure to alcohol.
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INTRODUCTION

Long-term use of alcohol can result
in changes to tissue composition in the
liver, heart and kidneys. The liver be-
comes enlarged, fattened and scarred re-
sulting in a decrease of lean tissue mass
and an increase in fat tissue mass.1 The
heart is enlarged, resulting in an increase
of lean tissue mass. The kidneys enlarge
and fatten, leading to an increase in fat
tissue mass.2

Dual-energy x-ray absorptiometry
(DEXA) has been used successfully in
studies of whole body composition in
small live animals such as birds, mice
and rats.2–4 This technique works by
combining two energy types: photoelec-
tric absorption and Compton scattering.
Photoelectric absorption differentiates
the soft tissue from the bone and
Compton scattering can differentiate
between fat tissue or lean tissue. By
combining measurements of these two
energy types, it is possible to measure
bone mineral density, bone mineral
composition, lean tissue mass, fat tissue
mass, percentage lean tissue and per-
centage fat.2–5

Our aim was to test whether DEXA
was capable of measuring changes
caused by alcohol abuse in the liver,
heart and kidneys. We hypothesized that
DEXA would measure organ composi-
tion with sufficient precision and con-
sistency to make it a useful tool for fu-
ture studies that compared control rats
and rats exposed to alcohol.

METHODS

We dissected nine male Long Evans
(Rattus norvegicas) rats and used a PIX-
Imus DEXA apparatus to measure the

composition of their livers, hearts and
kidneys. The rats were all slightly over-
weight and ranged in whole body
weights from 480–530 grams. They had
been euthanized with carbon dioxide for
reasons unrelated to our project and our
use of the dead rats was approved by the
UAA Institutional Animal Care and Use
Committee (IACUC protocol 2004van-
te1).

The rats were kept frozen at 220 8C
until use and the desired organs re-
moved and weighed on a balance. The
organs were x-rayed using the PIXImus
apparatus, which automatically trans-
ferred the data to the Lunar PIXImus
software program. Once the organs had
been x-rayed, we placed them in labeled
plastic bags and stored them at 220 8C.
After all three organs of all nine rats had
been x-rayed, we transferred the data for
analysis with Microsoft Excel and cal-
culated the mean values and standard
deviations for lean tissue mass, fat tissue
mass and total tissue mass. We also cal-
culated the means and standard devia-
tions for percentage fat for each organ.

Data Analysis
Table 1 shows the mean values 6

the standard deviation for each organ’s
composition. Table 2 shows the mean
values 6 standard deviation for each or-
gan’s percentage tissue.

RESULTS

The liver is a larger organ than the
heart and kidneys and has mass mea-
surements larger than those for the heart
and kidneys (Table 1). The percentage
fat was similar for all three organs and
is thus likely to be a good indicator of
the level of fat to expect on a normal
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Table 1. Lean mass vs fat mass for the liver, kidneys and heart

Liver Left Kidney Right Kidney Heart

Lean tissue (g)
Fat tissue (g)
Total tissue (g)

17.0 6 1.4
5.3 6 0.6

22.3 6 1.7

1.8 6 0.2
0.5 6 0.2
2.2 6 0.3

1.8 6 0.2
0.5 6 0.1
2.3 6 0.2

1.7 6 0.1
0.4 6 0.1
2.1 6 0.1

Table 2. Fat as a percent of total tissue in the liver, kidneys and heart

Liver L Kidney R Kidney Heart

Mean (%) 23.8 6 2.2 19.7 6 5.5 22.8 6 2.4 19.4 6 2.7

rat of this strain (Table 2). The level of
variation as expressed by the standard
deviation was low for lean tissue mass
and fat tissue mass for all three organs.

CONCLUSIONS

This project demonstrated DEXA’s
potential in future studies on the effects
of alcoholism. The low level of variation
will enable the detection and measure-
ment of even small differences between
the organ composition of control rats
and of alcoholic rats. We expect that
lean tissue mass will decrease and fat tis-
sue mass will increase in rats that are

given alcohol over an extended period
and that DEXA will be able to identify
and measure these changes. Future stud-
ies will be able to use DEXA to compare
rats exposed to alcohol to control rats.

By demonstrating the viability of
DEXA as a tool for measuring small
changes in organ composition in rats,
this project will help those studying the
physiological effects of alcohol abuse in
humans. The effects of alcohol on organ
composition are similar in rats and hu-
mans. DEXA is capable of detecting and
measuring even small changes in lean
tissue mass, fat tissue mass and the per-
centage of fat tissue in an organ. These
are the types of organ composition

changes in the liver, heart and kidneys
that could be expected from long-term
abuse of alcohol in humans.

ACKNOWLEDGMENTS
The author would like to thank: Mr. Ryan
Wilson, a fellow NIDDK student, for work-
ing with me on the project and participating
in all methods; Dr. Ian van Tets for advising
me and teaching me how to use the projects’
materials; the UAA Department of Psychol-
ogy for donating the nine rats; the UAA De-
partment of Biological Sciences for provid-
ing the laboratory facilities; and NIDDK for
funding our project.

REFERENCES
1. Epstein M. Alcohol’s Impact on Kidney Function.

Alcohol Health and Research World. 1997;21:
84–86.

2. Korine C, Daniel S, van Tets IG, Yosef R, Pin-
show B. Measuring fat mass in small birds by
dual-energy x-ray absorptiometry. Physiological
and Biochemical Zoology. 77(3): In press.

3. Libouban H, Simon Y, Silve C, Legrand E,
Basle MF, Audran M, Chappard D. Compar-
ison of pencil-, fan-, and cone-beam dual X-
ray absorptiometry for evaluation of bone min-
eral content in excised rat bone. J Clin Densi-
tometry. 2002;5:355–361.

4. Nagy TR, Clair AL. Precision and accuracy of
dual-energy x-ray absorptiometry for determin-
ing in vivo body composition of mice. Obesity
Res. 2000;8:392–398.

5. Saladin K. Anatomy & Physiology: The Unity of
Form and Function. Third Edition. Columbus,
Ohio: McGraw-Hill. 2004.


