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Abstract Perfusion-Perls and -Turnbull methods supple-
mented by the intensification with 3,3’-diaminobenzidine
(+ DAB) enabled stronger and more extensive staining of
nonheme iron than the Perls + and Turnbull + DAB
methods carried out on tissue sections fixed with 10%
formalin in 0.9% saline or PBS. The section- and
perfusion-Perls + DAB methods are not specific for the
demonstration of nonheme ferric iron but also stain
nonheme ferrous iron. However, owing to its high
sensitivity, the perfusion-Perls + DAB method would
provide useful information about nonheme iron deposi-
tion regardless of oxidation states in normal and patho-
logical conditions. The perfusion-Turnbull + DAB
method is specifically demonstrable of nonheme ferrous
iron and the results from this method showed significant
stores of nonheme ferrous iron in the hepatocytes, Kupffer
cells, splenic macrophages, and gastric parietal cells of
the rat. Since nonheme ferrous iron is considered to be
critically involved in free radical generation, the perfu-
sion-Turnbull + DAB method would visualize such
populations of cells that are at risk from free radical
damage.

Keywords Nonheme iron - Histochemistry - Perfusion-
Perls method - Perfusion-Turnbull method - DAB
intensification

Introduction

Iron is one of the essential trace metals of the body, where
it is present in the form of heme or nonheme. Heme is
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iron protoporphyrin complex that works as a reactive
center for many heme enzymes and the respiratory chain
of mitochondria. Nonheme iron is present in a variety of
iron—protein complexes including the storage and seques-
tration proteins (ferritin and hemosiderin; Crichton and
Ward 1992), proteins of iron transport (ferritransferrin;
Crichton and Ward 1992), nonheme iron enzymes (for
example, ribonucleotide reductase; Fontecave 1998),
nonheme iron—sulfur enzymes and proteins (for example,
aconitase, NADP dehydrogenase, and ferredoxins; Bein-
ert et al. 1996; Cotton et al. 1999), and low molecular
weight iron species in which iron is loosely bound to low
molecular weight organic substances (for example,
citrate, AMP, ATP, various amino acids and peptides;
Crichton and Ward 1992).

Because of ubiquitous distribution and high reactivity,
heme and nonheme iron interaction with free radicals and
nitric oxide has been considered to play a central role in
various physiological and pathophysiological conditions.
In ischemia and reperfusion of organs, Fe’* liberated from
low molecular weight nonheme iron species and Fe?* (and
Fe’") released from ferritin are considered to catalyze the
production of cell-injuring hydroxyl radicals via the
Fenton reaction (Meneghini 1997). Furthermore, altered
iron homeostasis has been emphasized as a cause of
neurodegenerative diseases such as Parkinson’s, Alzhei-
mer’s, Huntington’s, and other diseases (Gerlach et al.
1994). The nitric oxide interaction with heme and
nonheme iron is involved in signal transduction and
inhibition of mitochondrial respiration and DNA synthe-
sis (Gross 1995; Cooper 1999).

For the experimental and pathological investigations of
the disorders in which free radical interaction with iron
and altered iron homeostasis have been implicated, iron
histochemistry using the Perls technique has been the
method of first choice. This method is excellent in
imaging capability, universally available, and inexpen-
sive, although the minimum detection limit for nonheme
iron is very high (Perl and Good 1992). To improve the
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sensitivity of the Perls method, intensification with 3,3’-
diaminobenzidine (DAB; Nyguen-Legros et al. 1980) and
post-DAB enhancement (Moos and Mgllgard 1993) were
introduced.

We present here two simple and sensitive methods for
the visualization of nonheme ferric and ferrous iron
[Fe (III) and Fe (IT)]: the perfusion-Perls and -Turnbull
methods supplemented by DAB intensification (+ DAB).
The liver, spleen, and stomach of the rat were used to
compare the results of the perfusion-Perls + DAB and
perfusion-Turnbull + DAB methods with those of the
section-Perls + DAB (the method of Nyguen-Legros et al.
1980) and section-Turnbull + DAB methods performed
on formalin-fixed paraffin sections. Some results of
application of the perfusion-Turnbull + DAB method to
the ischemic cat brains appeared in a previous paper from
this laboratory (Yu et al. 2001).

Materials and methods
Animal treatment and perfusion fixation of tissues

Ten female Wistar rats (body weight 202-264 g) were used. The
animals were supplied from the Institute of Animal Experiments,
Hirosaki University School of Medicine. The animals were
maintained with free access to food (MF; Oriental Yeast, Chiba,
Japan) and water, which contained 154 ug/g iron and 0.07 ug/ml
iron, respectively; the animals were neither iron-deficient nor iron-
overloaded. All animal experiments in this study followed the
Guidelines for Animal Experimentation, Hirosaki University.

The animals were deeply anesthetized with intraperitoneal
pentobarbital sodium (38-50 mg/kg), a thoracotomy and a left
ventricular incision were made to perfuse the fixatives described
below through the ascending aorta, and the right auricle was incised
to flush out blood and fixatives. All perfusions were initiated within
4 min after thoracotomy and within 1 min after cardiotomy and
performed at the rate of 20 ml/min. The liver, spleen, stomach, and
other organs were removed 1 h after perfusion except for rats 4 and
8 (Table 1) in which the organs were removed after overnight
fixation in situ. The excised tissues were then dehydrated in graded
ethanol, embedded in paraffin, cut at 5 um thickness, and mounted
on silane-coated glass slides (Matsunami, Osaka, Japan). In
addition, all aqueous solutions described below were prepared
with ion-exchanged distilled water.

For the section-Perls + DAB and section-Turnbull + DAB
methods performed on paraffin sections, two rats were perfused
with 10% formalin (Wako, Osaka, Japan) in 0.9% saline (formalin—
saline, pH 3.7, rat 1; Table 1) or with 10% formalin in phosphate-
buffered saline (formalin—PBS, pH 7.2, rat 2; Table 1).

For the perfusion-Perls + DAB method, four rats (rats 3-6;
Table 1) were perfused with the solution (pH 0.5-0.6, 1,000 ml)
containing 1% HCl (Wako), 1% potassium ferrocyanide [potassium
hexacyanoferrate (II), lemon yellow crystals or powder; Wako],
and 10% formalin. A PBS flush (pH 7.4, 150 ml) and formalin—PBS
(150 ml) perfusion were carried out before the perfusion-Perls
method in rats 5 and 6, respectively. For the perfusion-Turnbull +
DAB method, four rats (rats 7-10; Table 1) were perfused with the
solution (pH 0.5-0.6, 1,000 ml) containing 1% HCI, 1% potassium
ferricyanide [potassium hexacyanoferrate (III), ruby-red crystals or
powder; Wako], and 10% formalin. Initial PBS flush (150 ml) and
formalin—PBS perfusion (150 ml) were made in rats 9 and 10
(Table 1), respectively.

Section treatment
Section-Perls + DAB and section-Turnbull + DAB methods

Sections taken from the liver, spleen, and stomach of rats 1 and 2
(Table 1) were divided into two groups; each group contained
sections from each organ described above. Each group of sections
was dewaxed-hydrated, incubated in the solution (pH 0.5-0.6,
25°C) containing 1% HCI and 1% potassium ferrocyanide or in the
solution (pH 0.5-0.6, 25°C) containing 1% HCI and 1% potassium
ferricyanide for 30 min, and washed in distilled water.

Sections of both groups were then incubated for 30 min in 25°C
methanol (Wako) containing 0.3% H,0, (Wako) and 0.01 M NaNj
(Wako) to inhibit peroxidase and catalase activities and to eliminate
the pseudoperoxidase activity in the erythrocytes (Straus 1971;
Pool et al. 1983; Feng et al. 1998). After washing in 0.1 M
phosphate buffer (PB, pH 7.4) sections were treated with 0.025%
3,3’-diaminobenzidine—4HCI] (DAB; Sigma, St. Louis, Mo., USA)
and 0.005% H,0, in 0.1 M PB (pH 7.4, 25°C) for 30 min (DAB
intensification; Nyguen-Legros et al. 1980) and counterstained with
hematoxylin. The DAB intensification was omitted in several
additional sections from each organ.

In addition, sections of the spleen of rat 2 were used to study
staining variability depending on pH of the solution for iron
histochemistry. Mixtures of different pH were prepared by
changing the ratio of the volumes of 2% potassium ferrocyanide
and 2% HCI: 1:1, 10:1, 20:1, 40:1, 80:1, 100:1, and 1:0 mixtures
were pH 0.6, 2.2, 3.0, 3.6, 3.8, 4.3, and 6.9, respectively. Sections
were then processed for DAB intensification after treatment with
0.3% H,0O,-methanol and 0.01 M NaNj.

DAB intensification after iron histochemistry by perfusion-
Perls and -Turnbull methods

Sections were dewaxed-hydrated, pretreated with 0.3% H,O,—
methanol (25°C) containing 0.01 M NaNj3 for 30 min, and
intensified with 0.025% DAB and 0.005% H,O, in 0.1 M PB
(pH 7.4, 25°C) for 30 min. After washing in distilled water, sections
were counterstained with hematoxylin. Several additional sections
were stained with hematoxylin without DAB intensification.

In addition, some chemical experiments were undertaken to test
the specificity of Perls and Turnbull reactions, using FeCl,, FeCls,
7ZnCl,, and CuCl, purchased from Wako.

Results

The perfusion-Perls and -Turnbull methods stained non-
heme iron accumulating within organs and tissues deep to
light blue (perfusion-Perls method) or bluish green
(perfusion-Turnbull method), which enabled easy identi-
fication of the organs and tissues containing iron. The
DAB intensification of Perls and Turnbull reactions made
such populations of cells visible that were only palely
stained or unstained in unintensified sections.

Staining by section-Perls + DAB method

There were some differences in the results (Table 1)
between the tissues (rat 1) perfused with formalin-saline
and those (rat 2) perfused with formalin—-PBS. The liver
fixed with formalin—-PBS showed more intensely stained
hepatocytes (Fig. 1C) than that fixed with formalin—saline
(Fig. 1A). In both formalin—saline and formalin—PBS
fixations, macrophages were intensely stained in the red
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Fig. 1A-F Liver of rat 1 (A, B), rat 2 (C, D), rat 5 (E), and rat 9  after formalin—PBS. D Section-Turnbull method after formalin—
(F). A Section-Perls method after formalin—saline. B Section- PBS. E Perfusion-Perls method after PBS. F Perfusion-Turnbull
Turnbull method after formalin—saline. C Section-Perls method method after PBS. ¢ Central vein. Bar 50 um
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Fig. 2A-F Spleen of rat 1 (A, B), rat 2 (C, D), rat 3 (E), and rat 7
(F). A Section-Perls method after formalin—saline. B Section-
Turnbull method after formalin—saline. C Section-Perls method
after formalin—-PBS. D Section-Turnbull method after formalin—
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PBS. E Perfusion-Perls method. F Perfusion-Turnbull method. m
Marginal zone, r red pulp, w white pulp. Asterisks indicate the
marginal sinus. Bar 50 um



Fig. 3A-F Stomach of rat 1 (A, B), rat 2 (C, D), rat 6 (E), and
rat 10 (F). A Section-Perls method after formalin—saline. B Section-
Turnbull method after formalin—saline. C Section-Perls method
after formalin—-PBS. D Section-Turnbull method after formalin—

pulp of the spleen (Fig. 2A, C), where the reaction
product coalesced into large masses in the cytoplasm.
They appeared as prominent blue masses in non-intensi-
fied sections. The morphology and distribution of the
masses suggested they were hemosiderin. Many macro-
phages at the margin of the white pulp and in the marginal
zone were moderately to intensely stained in the spleen
fixed with formalin—PBS (Fig. 2C) whereas only a small
number of such cells were very palely stained in the
spleen fixed with formalin—saline (Fig. 2A). The mor-
phology of macrophages in the white pulp and marginal
zone (Fig. 2A, C) was very fragmentary compared with
that visualized by the perfusion-Perls + DAB method
(Figs. 2E, 4B). The macrophages aggregated to form a
ring around the margin of the white pulp appeared to
correspond with marginal metalophils (Snook 1964).
Formalin—saline- and formalin—-PBS-fixed stomachs

PBS. E Perfusion-Perls method after formalin—-PBS. F Perfusion-
Turnbull method after formalin—-PBS. In each photograph, the
gastric mucosal surface is toward the rop. Bar 50 um

showed almost no staining (Fig. 3A, C) except for a
small number of lightly stained red blood cells.

As mentioned in Materials and methods, sections of
the formalin—-PBS-fixed spleen (rat 2) were treated with
Perls solutions prepared for pH 0.6, 2.1, 2.7, 3.4, 3.8, 4.3,
and 6.9, and then intensified with DAB. Sections were
intensely stained in pH 0.6, 2.1, and 2.7 solutions, lightly
stained in pH 3.8 and 4.3 solutions, but unstained in
pH 6.9 solution. This indicates that some loosely bound
nonheme iron is releasable in weakly acidic solutions,
which are comparable to the internal environment of
endosomes (pH 5.0-5.5) where Fe** is liberated from
transferrin (Crichton and Ward 1992).



Staining by section-Turnbull + DAB method

There was no staining in the tissues which were treated by
the section-Turnbull + DAB method after formalin—saline
(Figs. 1B, 2B, 3B; rat 1) or formalin—PBS (Figs. 1D, 3D;
rat 2) fixation, except that hemosiderin masses of
macrophages were lightly stained in the spleen fixed
with formalin—PBS (Fig. 2D). The light brown pigment in
the macrophages of the red pulp in Fig. 2B is hemosid-
erin, which was less prominent or indiscernible in the
white pulp and marginal zone.

Staining by perfusion-Perls + DAB method

The results of the perfusion-Perls + DAB method were
quite similar regardless of different means of fixation, i.e.,
with or without initial flush of PBS, with or without initial
formalin—PBS perfusion, and with or without overnight
fixation (Table 1). The perfusion-Perls + DAB method
stained hepatocytes with moderate intensity (Fig. 1E)
which was comparable to those stained by the section-
Perls + DAB method after formalin—-PBS fixation
(Fig. 1C). A small number of intensely stained Kupffer
cells were observed among hepatocytes in the perivenous
area of the hepatic lobule in rats 5 and 6 (Fig. 4A;
Table 1). Splenic macrophages were intensely stained in
the white pulp, marginal zone, and red pulp (Fig. 2E), and
the black reaction product clearly demonstrated the
characteristic morphology of the cells with large irregu-
larly shaped cell bodies and short and stout dendrites
(Fig. 4B). Hemosiderin masses were almost masked by
intense staining of the entire cytoplasm. The perfusion-
Perls + DAB method lightly to moderately stained
parietal cells of the stomach (Fig. 3E), which were easily
identified by large round to pyramidal cell bodies with
distinct round nuclei. Almost all parietal cells present in
sections were stained; parietal cells at the depth of the
gastric glands were more intensely stained than those of
the neck region. Parietal cell bodies contained numerous
small dark brown granules scattered throughout the
cytoplasm (Fig. 4C).

Staining by perfusion-Turnbull + DAB method

The results of the perfusion-Turnbull + DAB method
were essentially the same regardless of different means of
fixation, i.e., with or without initial flush of PBS, with or
without initial formalin—PBS perfusion, and with or
without overnight fixation (Table 1). The results were
comparable to those of perfusion-Perls + DAB method
except that hepatocytes, Kupffer cells (a few cells were
stained in rats 9 and 10; Table 1), splenic macrophages,
and gastric parietal cells were slightly less intensely
stained than those by the perfusion-Perls + DAB method.

The results of chemical experiments to test the
specificity of Perls and Turnbull reactions are described
and considered in the Discussion.

&
r

Fig.4 A Liver of rat 5. A small number of Kupffer cells are
intensely stained among moderately stained hepatocytes containing
numerous small dark brown granules. ¢ Central vein. B Spleen of
rat 3. Characteristic morphology of macrophages is visible by the
black reaction. C Stomach of rat 6. Parietal cell cytoplasm contains
numerous small dark brown granules. Bar 10 um

Discussion

Among classic methods for nonheme iron histochemistry,
the Perls and Turnbull methods are most commonly used
(Pearse 1985). The Prussian blue reaction of the Perls
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method depends on the production of insoluble precipitate
when ferrocyanide ions, [Fe''(CN)g]*, react with Fe**
liberated in acidic solution. The insoluble blue reaction
product of the Turnbull method is formed by reaction of
ferricyanide ions, [Fe'™(CN)g]*~, with Fe?*. This method
has been usually used, not in its simplest form, to stain
nonheme Fe (III), after reducing it with (NH4),S
(Tirmann-Schmelzer method; Pearse 1985). The simplest
form of the Turnbull method has rarely been used because
iron in tissues has long been believed to be present almost
invariably in ferric form (Pearse 1985). Therefore, there
are only a few works where the Turnbull method was used
to stain nonheme Fe (II) in tissues. For example, in
formalin-fixed sections of the human brain, Morris et al.
(1992) observed a positive Turnbull reaction only in the
region where the highest reactivity for nonheme iron was
obtained by the Perls method.

In the present study, the section-Perls + DAB and
section-Turnbull + DAB methods stained nonheme iron
only in such cells as splenic macrophages and hepatocytes
where higher concentrations of nonheme iron were
accumulated. The difference in the results between the
section-Perls + DAB method after formalin—saline fixa-
tion and that after formalin—PBS fixation can be ex-
plained by the difference in pH of the fixatives; the pH of
formalin—saline was 3.7 and that of formalin—-PBS was
7.2. It is very probable that loosely bound nonheme iron
would be released by weakly acidic formalin—saline and
washed out during perfusion, leaving a demonstrable
amount of iron in the cells where it was densely
accumulated. In agreement with the present results,
O’Connell et al. (1985) presented evidence suggesting
iron release from ferritin and hemosiderin at pH 4.5 even
in the absence of a reducing agent. Furthermore, the
difficulty of visualizing nonheme Fe (II) by section-
Turnbull method + DAB after formalin—PBS fixation
strongly suggests inevitable oxidation of nonheme Fe (II)
to Fe (IIT) mainly by oxygen in aqueous solutions and air
during tissue preparation and histochemical analysis. We
consider this is the most probable reason the ubiquitous
distribution of nonheme Fe (II) has long escaped atten-
tion. Further, it can be pointed out that the section-Perls
method has an advantage of visualizing both nonheme
Fe (III) and Fe (II) at the same time for the reason
described above.

The section-Perls method after formalin—PBS fixation
stained hepatocytes and splenic macrophages but did not
stain gastric parietal cells. This suggests that some loss of
loosely bound nonheme Fe (III) is inevitable during tissue
treatment, unless it turns insoluble iron compounds in
advance.

On the other hand, the perfusion-Perls and -Turnbull
methods depend on forming insoluble compounds
of nonheme Fe (IIT) and Fe (II) before tissue treatment.
The insoluble blue precipitates of the Perls and
Turnbull reactions are commonly formulated as
Fe'll, [Fe''(CN)¢]5-15H,0 (Cotton et al. 1999), which is
obtained on mixing Fe** and ferrocyanide ion or on
mixing Fe?* and ferricyanide ion. However, there are

crossreactions between ferricyanide ion and Fe®* and
between ferrocyanide ion and Fe?*. Ferricyanide ion and
Fe** gave a reddish brown solution but no precipitate.
Furthermore, the result was the same when FeCl; was
dissolved in the perfusion-Turnbull solution composed of
1% potassium ferricyanide, 1% HCI, and 10% formalin.
Thus, the reaction product by the Turnbull method is not
contaminated with iron derived from nonheme Fe (III).
Ferricyanide ion also reacted with Zn** and Cu?* to give
yellow and green precipitates in acidic solution, respec-
tively, which however quickly dissolved in 0.1 M PB
(pH 7.4). Taken together these results indicate that the
perfusion-Turnbull + DAB method is highly specific for
nonheme Fe (II).

Ferrocyanide ions and Fe’* gave insoluble white
precipitate, potassium ferrous ferrocyanide {Everitt’s salt,
K,Fe!l [Fe'(CN)¢]}, the reduced form of Prussian blue
(Cotton et al. 1999). Potassium ferrous ferrocyanide was
quickly oxidized to Prussian blue by oxygen in solutions
and air. As early as 1910, Nishimura used this oxidative
production of Prussian blue in his method to stain
nonheme Fe (III) after reducing it with (NHy4),S. Here,
it should be emphasized again that the Perls method
applied on sections and by perfusion is not specific for
nonheme Fe (IIT) but would stain both Fe (III) and Fe (II)
simultaneously. Ferrocyanide ions also reacted with Zn>*
and Cu®* giving white and dark brown precipitates,
respectively, in a wide range of pH. These precipitates,
however, did not catalyze the oxidative polymerization of
DAB by H,0,. Furthermore, we never observed dark
brown precipitate suggestive of the reaction product
formed by Cu?* and ferrocyanide ions in the tissues
treated by the perfusion-Perls method without DAB
intensification.

Nonheme iron stored as ferritin is essentially in the
form of Fe (III) and its reduction by various organic
substances (for example, ascorbate), nitric oxide, and
superoxide is required for iron mobilization from ferritin
in physiological and pathophysiological conditions
(O’Connell et al. 1985; Thomas et al. 1985; Thomas
and Aust 1986; Monteiro et al. 1989). The reductive
release of Fe** from ferritin is unlikely in the present
histochemistry because the section-Turnbull + DAB
method carried out on formalin—PBS-fixed sections did
not stain hepatocytes (Fig. 1D) where ferritin is present in
the cytosol and lysosomes (Cooper et al. 1988), whereas
the section-Perls + DAB method stained them with
moderate intensely (Fig. 1C). In line with this, iron
release from ferritin without reducing agents has been
noted in weakly acidic solutions (O’Connell et al. 1985).

The other form of iron sequestration, hemosiderin, has
trivalent iron cores similar to the ferrihydrite,
Fe'"O(OH)-H,0, cores of ferritin (Crichton and Ward
1992; Cotton et al. 1999). Interestingly, hemosiderin was
stained by the section- and perfusion-Turnbull methods as
well as by the section- and perfusion-Perls methods. At
present we have no data to explain these results, but it is
noteworthy that macrophages generate superoxide and



nitric oxide, which would reduce nonheme Fe (III) to
Fe (II) (Cunha et al 1993; Chisolm et al. 1999).

In the cat brain, nonheme iron is stored preferentially
in the cytoplasm of oligodendrocytes (Yu et al. 2001). It
was stained by section- and perfusion-Perls + DAB
methods but unstained by perfusion-Turnbull + DAB
method, which meant that cytoplasmic nonheme iron was
mostly in the trivalent form (Yu et al. 2001). After 20 min
global ischemia of the cat brain, perfusion-Turnbull +
DAB method stained the cytoplasm of oligodendrocytes,
indicating that nonheme Fe (IIT) was reduced to Fe (II).
On the other hand, the organs were virtually non-ischemic
in the present experiments, because fixative perfusion was
initiated within 4 min after thorachotomy and 1 min after
cardiotomy except rats 5 and 9 which received PBS flush
for 7.5 min before fixation (Table 1).

Staining of heme iron is unlikely in the present
histochemistry, because treatment with a strong oxidant
such as ammonium peroxydisulfate (Okamoto 1937) or
30% H,0, (Pearse 1985) is required to liberate iron from
heme; dilute HCI used in this study is not an oxidant but
an acid which is only able to liberate Fe** and Fe** from
nonheme iron complexes.

Considering the above findings altogether, it is clearly
evident that loosely bound nonheme Fe (II) would exist in
the cytoplasm of hepatocytes, Kupffer cells, splenic
macrophages, and gastric parietal cells, probably in
several subcellular compartments and/or what is called
the low molecular weight iron pool of the cytosol. In
agreement with this view, recent studies based on
quenching of the fluorescent transition metal indicator
by chelatable iron and dequenching by iron chelators,
demonstrated the presence of chelatable Fe (II) in the
cytoplasm, nucleus, and mitochondria of isolated hepa-
tocytes of the rat (Petrat et al. 2001, 2002). It is also
possible that ubiquitous iron—sulfur proteins have iron in
mixed oxidation states (Cotton et al. 1999).

Ischemia and reperfusion injure vital organs including
the brain, heart, liver, kidney, and others through
generation of highly toxic -OH radicals (Fenton reaction),
in which Fe?* dissociated in the cytoplasmic nonheme
iron pool has been believed to catalyze the reaction
(Freeman and Crapo 1982; Meneghini 1997). Thus, the
perfusion-Turnbull + DAB method would visualize such
populations of cells that are at risk from free radical
damage. Furthermore, changes in nonheme iron deposi-
tion have been described in various degenerating diseases
of the central nervous system (Gerlach et al. 1994). For
the understanding of the mechanism of tissue and organ
pathology where altered iron homeostasis has been
implicated, the perfusion-Perls and -Turnbull + DAB
methods may provide useful knowledge.

Since flushing the vascular system with a small
volume of PBS or a small volume of formalin—-PBS
fixation prior to perfusion iron histochemistry did not
affect the results, these procedures may be helpful for
thorough perfusion and for in situ preservation of cell and
tissue structures. By perfusion of the fixatives through the
major arteries of organs, the perfusion-Perls and -Turnbull
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+ DAB methods are applicable to normal and patholog-
ical human materials at autopsy.
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