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Analysis of fatty acid metabolism in animals using
stable isotope-labeled tracers

Akira Shibahara
Department of Clinical Nutrition, Osaka Prefecture University

Elucidation of the metabolism of dietary polyunsaturated fatty acids, such as DHA
and EPA, is vital in understanding their functions. This study traced the incorporation of
dietary DHA and EPA in the compound lipids of mouse organs, especially in the brain.
We implemented our recently developed, safe, stable isotope-labeled tracer technique and
successfully monitored the metabolism of dietary DHA and EPA.

For four weeks, mice were fed a diet containing stable isotope-labeled tracers: either
[2,2—2H2]DHA (ethyl ester form) or [2,2—2H2]EPA (ethyl ester form). After perfusion of
organs with saline under anesthesia, the four organs (brain, heart, kidney and liver) were
removed. Each organ was homogenized with a chloroform/methanol mixture to extract
the total lipids. The total lipids were separated by thin layer chromatography into each
lipid class, and then the compound lipids were converted to fatty acid methyl esters
by methanolysis using a hydrogen chloride/methanol reagent. The fatty acid methyl
esters were simultaneously analyzed by capillary gas chromatography (GC) and gas
chromatography-chemical ionization mass spectrometry (GC-CI/MS). In GC-CI/MS
analysis, the [2,2-"H,]DHA and [2,2-°H,]EPA were detected by the quasi molecular ions
which shifted 2 mass units from those of the corresponding unlabeled DHA and EPA: their
amounts were determined by mass chromatography in which the amounts of naturally
occurring isotopes were subtracted.

In mice fed a diet containing [2,2-’H,]DHA, simultaneous analysis by GC and GC-
CI/MS showed that 48.4% of DHA was [2,2-’H,]DHA and [2,2-°’H,]DHA made up 8.3%
of the total fatty acids in the compound lipids of the brain. Consequently, it is clear that
our method could easily detect the dietary [2,2-°H,]DHA passing through the blood-brain
barrier.

In the heart, [2,2—2H2]DHA amounted to ca. 70% of the total amount of DHA and to
more than 30% of the total fatty acids. This indicates that dietary DHA readily influences
the fatty acid profile of heart lipids. Our data demonstrate that dietary DHA influences
heart lipids more than it influences lipids of the brain, kidney and liver.

We did not detect any EPA in the brain compound lipids of mice fed a standard diet.
In contrast, [2,2-"H,]EPA was detected in the brain compound lipids of mice fed a diet
containing [2,2-"H,]EPA. The content was merely 0.3% of the total fatty acids, however, it
is very likely that dietary [2,2-"H,]EPA directly passes through the blood-brain barrier and
becomes a constituent of the brain compound lipids.



