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Magnetite as a tracer for the estimation of biodistribution
of microspheres: a critical consideration
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A recent report by Lee (1988) has advocated
the use of magnetite (Fe;O,) as a marker for the
estimation of biodistribution of microspheres in
mice. The magnetite was incorporated in chem-
ically cross-linked albumin microspheres, and the
distribution of microspheres in major tissues of
mice, following their iv. administration, was
monitored over a period of 7 days in terms of the
tissue levels of magnetite. Although interesting,
and relatively simple as discussed by Lee (1988),
this technique of evaluation of biodistribution of
microspheres, or other colloidal particles, needs
some critical consideration overlooked in the re-
ported study.

As already mentioned by Lee (1988), magnetite
is an inert chemical, which is mechanically trapped
within the microsphere matrix during the emulsifi-
cation of albumin and its subsequent stabilization
accomplished either by heat or chemical reaction.
Depending upon factors like the relative amounts
of albumin and magnetite used per batch, the size
of the microspheres, and the presence of an ad-
ditional chemical, e.g. drug, all batches of such a
microsphere preparation contain a varying pro-
portion of unincorporated Fe,O, (Gupta et al,
1988). Unfortunately the methods reported by Lee
(1988) and Lee et al. (1988) do not reveal the exact
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amount of magnetite employed per batch. How-
ever, experiments in our laboratory have revealed
that starting with 100 mg albumin and 100 mg
magnetite sturry (30-35% w/v Fe,0, in water;
Ferrofluidics, Nashua, NH), the yield of micro-
spheres, after discarding unincorporated Fe;O,,
approximate 80 + 10 mg. These microspheres con-
tain about 18% w/w of Fe,O, (Gupta et al.,
1988), a value close to that reported by Lee (1988).
However, these figures also suggest that a fresh
batch of magnetic albumin microspheres, from
which unincorporated Fe,O, has not been re-
moved, may contain a total of 30-40% w/w of
Fe;0,. If this preparation is directly administered
in vivo, free as well as the microsphere-entrapped
Fe,O, will be distributed to the major tissues of
the body. Hence the removal of the unincorpo-
rated Fe;O, is important. The unincorporated
magnetite is usually removed by using a small bar
magnet (Gallo et al, 1989; Gupta et al., 1986,
1988), a horse-shoe magnet (Sprandel et al., 1987)
or gel chromatography (Kiwada et al., 1986). Un-
fortunately, the method reported by Lee (1988)
and Lee et al. (1988) does not include any step for
the efficient removal of the unincorporated frac-
tion of Fe,O,. Hence the conclusions regarding
the quantitation of biodistribution of micro-
spheres, on the basis of the distribution of Fe,0,,
are likely to be erroneous.

In addition to the potential source of error
discussed above, the use of magnetite for the

0378-5173 /89 /303.50 © 1989 Elsevier Science Publishers B.V. (Biomedical Division)



88

Fig. 1. A representative scanning electron microscope photo-

graph of magnetic albumin microspheres, prepared by heat-sta-

bilization at 120°C, and subjected to hydration in normal
saline at 37°C for 4 h. Bar =1.0 pm.

estimation of long term biodistribution of de-
gradable microspheres appears conceptually dif-
ficult. This is particularly true for albumin micro-
spheres which readily degrade in vive (Bernard et
al,, 1980; Zolle et al., 1970). Figs. 1 and 2 show
representative scanning and transmission electron
photomicrographs of magnetic albumin micro-
spheres, respectively, following their hydration in
normal saline at 37°C. The formation of pores
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Fig. 2. A representative transmission electron microscope pho-

tograph of magnetic albumin microspheres, prepared by heat-

stabilization at 120° C, and subjected to hydration in normal
saline at 37°C for 4 h. Bar = 0.5 pm.

and cavities in the microsphere matrix, as a result
of hydration, provides an indication of the ease
with which these particles lose their integrity in
the body. Although the degradation of micro-
spheres is known to depend upon several factors
including their size and the degree of matrix sta-
bilization (Bernard et al., 1980; Zolle et al., 1970).
the in vivo half-life of microsphere and magnetite,
in a given tissue, cannot be assumed to be similar.
Rapid degradation of microspheres will release the
unincorporated Fe O, (Fig. 2), and at any time
beyond this point. the quantitation of tissue levels
of Fe O, as an indication of biodistribution of
microspheres will again lead to erroneous interpre-
tation of the results.

The above examples have not been cited with a
view to criticize the method described by Lee
(1988). However, they are intended to be a caveat
to the use of magnetite in the quantitation of the
biodistribution of microspheres. In fact this
method does hold substantial potential for quali-
tative studies on the biodistribution of micro-
spheres, e.g. determination of the effect of size or
the composition of microspheres on their prefer-
ential distribution in vivo, and for the rapid
screening of the site(s) of localization of micro-
spheres by performing Prussian blue reaction
(Gupta et al.,, 1989; Lillie, 1965). The method can
however be extended for quantitative studies only
under circumstances where microspheres can be
produced with uniform batch to batch magnetite
content, and the unincorporated Fe,O, is com-
pletely removed before their administration. The
extent to which these characteristics can be practi-
cally accomplished is again debatable (Gupta and
Hung, 1989). Indeed if long-term quantitation of
biodistribution of microspheres is intended, it will
also be important to consider the relative rate of
metabolism of Fe,O, and microspheres in the
body.
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