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We attempted to prepare colloidal iron within tissues by means of microwave irradiation. Mouse tis-
sue blocks were fixed with a mixture of paraformaldehyde and ferric chloride in a cacodylate buffer,
immersed in a cacodylate buffered ferric chloride solution, and irradiated in a microwave processor.
Colloidal iron was prepared within tissues or cells, and was observed in the form of electron dense
fine granules (1-2 nm in diameter) by transmission electron microscopy. Collagen fibrils in the connec-
tive tissue showed colloidal iron deposition at regular periodical intervals. Cells in the splenic tissue
showed that fine colloidal granules were deposited on the ribosomes but not on the nuclear chromatin.
This finding suggests that ferric ions could not diffuse into the nucleus, which was surrounded by the
nuclear envelope. The podocyte processes of the renal glomerulus were stained diffusedly. Though
this microwave in situ colloidal iron preparation method has some limitations, it is convenient for

use in biomedical specimen preparation in transmission electron microscopy.
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he cationic colloidal iron method, which was

first developed by Hale in 1946 [1], is useful
for visualizing anionic sites in tissues and cells.
Preparation procedures have been modified to
improve the staining ability and stability of the col-
loid. Sodium, ammonium or hydrazinium cacodylate
buffer solution was applied in an attempt to make fine
and stable colloidal iron sol [2-6]. Cacodylate buff-
ered ferric chloride solution is boiled until its yellow
tint changes to a reddish brown color. Even the fin-
est colloidal granules cannot penetrate into the deep
region of the tissue blocks, so a staining method for
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hydrophilic resin-embedded ultrathin sections was
developed [7].

Microwave irradiation has been applied to the his-
tological processing of biomedical specimens for fixa-
tion, immunohistochemistry, staining and embedment
[8-12]. However, it has not been used to make col-
loidal iron sol or any other staining solution within
the tissue blocks. In the present study, we attempted
to prepare colloidal iron sol within the tissue using
microwave irradiation to stain the cellular structures
readily in transmission electron microscopy.

Materials and Methods

Preliminary microwave irradiation. To
determine the time and temperature control for pre-
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paring colloidal iron by microwave irradiation, 10 ml
of 0.1 M sodium cacodylate-HCI buffer (pH 7.3) con-
taining 0.01 M ferric chloride in each glass sample
bottle was irradiated using a microwave processor
(H2500: Bio-Rad) at upper temperature limits of 45,
55, 65, 75, 85, 95 and 100 °C (Table 1). When fer-
ric ions were converted to colloidal iron, the color of
the solution changed from light yellow to dark red-
dish brown. In each case, the timing of the beginning
of the color change and its completion were recorded.

Animals. Adult female Balb/c mice (12-16
weeks) (Charles River Japan, Yokohama, Japan)
were used. They were maintained at a constant tem-
perature (22°C) and light cycle (light 6:00-18:00)
with free access to water and food (MF, Oriental
Yeast, Tokyo, Japan). All of the experimental pro-
cedures were reviewed and approved by the
Guidelines for Animal Experimentation of Okayama
University Medical School.

In situ colloidal iron preparation. Mice
were anesthetized with diethyl ether inhalation and
perfused with physiological saline through the left
ventricle followed by 4% paraformaldehyde and/or 2.5
% glutaraldehyde in 0.1 M sodium cacodylate buffer
(pH 7.3) containing 0.01 M ferric chloride. The
abdominal cavity was opened, and the spleen and kid-
ney were excised and cut into 2 X 2 X 2mm blocks
with razor blades. The tissue blocks were immersed
in the same fixative containing ferric chloride for 6 h
or overnight, and washed twice with 0.01 M ferric

Table 1 Duration of microwave irradiation until the color
change of colloidal iron sol at different upper limits of temperature

o Time of color change from
Upper limit of yellow to reddish brown

temperature (°C)

Beginning (sec) Completion (sec)

45 no change no change

55 135 360 <

65 47 185

75 30 110

85 30 80

95 30 55
100 30 50

Note, when the upper limit of the temperature was 75 °C or higher,
the color began to change at 30 sec, and this change was com-
pleted within 120 sec.
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chloride in 0.1 M cacodylate buffer for 2h or more.
The specimens in the buffered ferric chloride solu-
tion were irradiated with microwaves for 5min at
75°C until the color of the solution changed to dark
reddish brown.

Electron microscopy. The irradiated samples
were immediately cooled in ice, washed in 0.1 M cac-
odylate buffer, and then rinsed with physiological
saline. The samples were dehydrated through an eth-
anol series, embedded in epoxy resin, and cut into
ultrathin sections. Sections were mounted on copper
grids and observed without any metal staining in a
transmission  electron microscope (H-700 or
H-7100: Hitachi (Tokyo, Japan); Equipped in the
Central Research Laboratory, Okayama University
Medical School) at an accelerating voltage of 75 kV.

Results

To determine the conditions for the microwave
irradiation, ferric chloride solution buffered with
sodium cacodylate was irradiated with microwaves at
45-100°C. The results are summarized in Table 1.
As shown in Table 1, when the upper limit tempera-
ture was 75°C or higher, the color began to change
at 30 sec, and the change was completed at 110 sec
(75°C) to 50 sec (100°C). When the upper limit of
the temperature was 65 °C or less, it took 3 min or
more to accomplish the colloidal conversion. The
irradiation time and temperature should be sufficient
to produce the colloidal iron within the tissues, but
the same conditions should not cause damage to the
ultrastructures. Thus, the irradiation condition was
determined to be 5 min at a temperature upper limit
of 75°C in a microwave processor.

In transmission electron microscopy, the tissue
and cellular elements, including cell organelles, were
well preserved after microwave irradiation for 5 min
at 75°C. In the splenic tissues, 1-2nm electron
dense particles of colloidal iron were deposited on
the cellular surface and cytoplasmic structures,
including ribosomes (Fig. 1). The nucleus, however,
was not stained with colloidal iron. Mitochondria
were also stained with colloidal iron in the space
between the inner and outer membranes and the
space in the cristae.

The renal glomeruli in the kidney samples, which
were treated using the microwave in situ colloidal
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Fig. 1
microwaves (in situ colloidal iron preparation method). Electron dense colloidal particles are deposited on intracellular structures such as
ribosomes (arrowheads) in the splenic cell. The nucleus (Nu) is not stained by this method. Inset: A high magnification micrograph of a
mitochondrion (M) shows the space between the inner and outer membranes and the space in the cristae were stained by the colloidal
iron (arrows). er, endoplasmic reticulum. Scale bars: 1 um; inset, 200 nm.

iron method, showed good contrast with the in siiu
prepared colloidal iron with appropriate staining,
though the nuclei of the podocytes and mesangial
cells were not stained in the present specimens (F'ig.
2A). The podocyte foot processes or pedicles were
well stained with in situ-prepared colloidal iron and
showed a diffuse staining pattern (Fig. 2B).

In the connective tissue, collagen fiber bundles
were well stained. The colloidal granules were
deposited periodically at approximate intervals of 42
-44 nm along the collagen fibrils (Fig. 3). In the
transverse section of the collagen fibrils, the colloi-
dal particles were observed around the fibrils.
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Transmission electron micrographs of the splenic tissue, which was immersed in ferric chloride solution and irradiated with

Discussion

The present paper describes a new method for
preparing fine granular colloidal iron. This method
is characterized by the use of microwave irradiation
to make colloidal iron within the tissue blocks, which
have been immersed in cacodylate-buffered ferric
chloride solution. In the previous colloidal iron stain-
ing methods, the colloidal sol was prepared by a
combination of dialyzed iron and acetic acid [1], by
glycerin and ammonia [13], or by pouring ferric
chloride into boiling distilled water [14, 15]. These
methods have been further improved in order to pre-
pare fine colloidal iron particles using sodium [2],
ammonium [3] or hydrazinium [4] cacodylate buffer.
Though these colloidal particles are as small as 0.5-
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Fig. 2
A Cell bodies and foot processes of podocytes (P) in the renal glomerulus are stained well by the colloidal iron. B: High power view of
the glomerular filtration membrane. Podocyte foot processes (F) are diffusely stained with the colloid. B, basal lamina; C, capillary
lumen of the renal glomerulus; E, endothelial cell; Me, mesangial cell. Scale bars: A, 2 um; B, 200 nm.

1.0 nm in diameter [4], they do not readily diffuse
into the deep regions of the tissue blocks. Our pres-
ent microwave in situ colloidal iron preparation
method can stain deeper regions. Furthermore, in
the present method, the colloidal sol preparation and
staining are performed at the same time. As far as
we know, such a staining principle is novel in histo-
chemical or histological procedures.

Microwave irradiation has been applied in tissue
fixation [8, 9, 11], staining [12, 16], polymerizing

Transmission electron micrographs of the renal tissue, which were treated with the in situ colloidal iron preparation method.

embedding polymers [17] and antigen unmasking [10
-12, 18]. These effects are brought about by rapid
heating by means of irradiation. In the present
method, ferric ions in sodium cacodylate buffer,
which are materials of colloidal iron, move into deep
regions of the tissues by diffusion, and are then
transformed into the colloid by irradiated microwave
energy in situ.

The cationic colloidal iron has been used to detect
anionic sites in tissues such as hyaluronic acid or
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Fig. 3
stained using the in situ colloidal iron preparation method.
A Longitudinal section of the fibrillar band shows that colloidal
iron particles (arrowheads) are deposited along the fibrils (f) at
constant intervals. B: Transverse section of the fibrillar bands
shows that each fibril (f) is surrounded by a deposition of colloidal
particles (arrowheads). Scale bars: A, 200 nm; B, 200 nm.

Collagen fibrils in the mouse renal connective tissue

other sulfated proteoglycans [1]. When these previ-
ous colloidal iron sols are used, the specimen for
transmission electron microscopy is prepared by
means of bulk staining [4] or by the staining of
hydrophilic-resin embedded sections [7]. In bulk
staining, specimens are immersed in the staining
solution for a long period of time.

The present in situ microwave irradiation colloidal
iron preparation method successfully stained intracel-
lular ultrastructures, such as ribosomes. The stain-
ing pattern of the intracellular structures is similar
to that of the ultrathin sections stained with the cat-
ionic colloidal iron, which is deposited on the ribo-
somes at pH 4.0 or 7.0 [7]. The ribosomes contain
much ribonucleic acid whose phosphate groups were
ionized at these pH values. Though we have little
definitive evidence, this similarity in staining pat-
terns suggests that the present colloidal iron parti-

In Situ Colloidal Iron Preparation 63

cles prepared by microwaves may have positive
charges. Moreover, we could not observe non-spe-
cific deposition with the present colloidal iron,
though such deposition may suggest that excessive
colloid remained within the cell.

The podocyte foot processes of the renal glomeru-
lus were diffusely stained by this method. This stain-
ing pattern is quite similar to those seen at pH 7.0
using previous colloidal iron methods [3, 4]. At the
neutral pH range, almost all of the anionic groups
are ionized, so that specifically negatively charged
sites may be forbidden.

It is noteworthy that the collagen fibrils in the
connective tissue spaces were well stained with the
present method, and that they showed periodic
deposits of colloidal iron. Fibrillar procollagen mole-
cules such as type I collagen have 2 possible glyco-
sylation motifs [19]. These deposits of the colloidal
iron particles suggest the presence of acid glycosami-
noglycans bound to collagen fibrils.
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