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Abstract

Objective: Non-heme iron staining is very weak in the brain due to its limited iron contents. In order to optimize the iron staining in the brain,
different types of fixation solutions were explored and compared in this study.

Methods: The brain tissues were cut from mice and fixed with 95% ethanol, or a mixture of methanol: chloroform: acetic acid (volume ratio is
6:3:1), or Bouin’s solution or polyformaldehyde. Then, coronal frozen sections were prepared and iron histochemistry was performed to detect the iron
staining in cerebral cortex, hippocampus, cerebellum and choroid plexus. Finally, the images were captured and saved for analysis.

Results: It was found that the different types of fixation solutions didn’t have obvious influences on iron staining when the incubation time was

proper in Perl’s staining solution.

Conclusion: Optimal iron staining could be achieved with a combination of DAB-enhancement, and fixative solution could be selected according
to other considerations in experiments. This provided important data for establishing a steady method for positive iron staining in the brain tissues.
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Introduction

Ironisthe mostabundanttransition metal in the body. Iron plays
important roles in oxygen transport and utilization, the synthesis of
neurotransmitter and acts as co-factors for many enzymes in cell
metabolism and energy transduction [1,2]. Iron overload is related
with neurodegenerative diseases (NDs) such as Parkinson’s Disease
(PD) and Alzheimer’s Disease (AD) [2,3]. Moreover, brain iron
deficiency in children can induce irreversible mental retardation,
and iron deficiency can decrease the performance of adults [4,5].
Therefore, it is very important to keep iron homeostasis in the
brain.

In recent years, iron metabolism has become more and more
important for understanding the brain function. To detect the iron
contents and distribution is the basis for research of brain iron
metabolism. It is reported that approximately 70% of the total iron
exists in the form of heme iron (ferrous protoporphyrin IX), such as
in hemoglobin, myoglobin, cytochromes and neuroglobin [6]. Due
to the limited non-heme iron contents in the brain, the detection
of non-heme iron is not easy. Iron histochemistry such as Perl’s
staining is one of the traditional methods to detect non-heme iron
contents in situ. This method has three main advantages in clinical
and fundamental research. Firstly, iron staining is performed

in sections, these series of sections can also be used for immune
histochemistry, Nissl staining and TUNEL detection, which could
give more data with good correspondence, help to analyze their
relationships and save the number of animals in research. Secondly,
the detection of non-heme iron is in situ and can be observed
with microscope, which give visible and morphological data.
Thirdly, this method does not need special large-scale instruments
compared with other methods of iron detection, such as atomic
absorption spectrophotometer (AAS), synchrotron-based micro-
X-ray fluorescence (u-XRF) and inductively coupled plasma mass
spectrometer (ICP-MS) [7]. Non-heme iron staining can accurately
reflect the iron contents in situ, and has been widely used for iron
staining in peripheral tissue sections. Ferric iron in tissues is not
combined tightly enough, and can be released after incubation with
dilute hydrochloric acid. After that, released ferric iron can bind
ferrocyanide called Prussian blue reaction, which gives a brilliant
blue mixed-valence iron (II/III) complex observable under light
microscope [8-11]. However, iron contents in the brain are much
less than peripheral tissues such as liver, spleen and so on, and the
product of Prussian blue reaction is not blue under physiological
conditions [12]. There are some factors influencing the staining
of non-heme iron in the brain, fixative solution was one of them,
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so different fixative solutions were used and compared in this
study, which gave some suggestions for the optimal non-heme iron
staining in the brain.

Materials and Methods
Chemicals and reagents

APES and 3, 3’-diaminobenzidine (DAB) were from ZSGB-Bio
(Beijing, PRC). Bouin’s fixative solution was from Solarbio Life
Sciences (Beijing, PRC). Paraformaldehyde, methanol, chloroform,
acetic acid, potassium ferrocyanide, concentrated hydrochloric
acid, pentobarbital sodium, hydrogen peroxide and other chemicals
and regents were purchased from YONGDA Chemical Reagent Co.,
Ltd. (Tianjin, PRC).The water used in the experiments is de-ionized
water(Resistance value 218.2MQ)

Animals and treatments

Male Balb/c mice which weighed 30+5g were purchased from
HEB LAC in Hebei Medical University (Hebei Province, PRC), and
they were divided into 4 groups, each group contained 3 mice.
After mice were anesthetized with pentobarbital sodium (40mg/
kg, i.p.), they were per-fused through the ascending aorta for a
minimum of 5min with ice-cold normal saline (0.9% NacCl), then
the brain was cut and fixed respectively in 95% ethanol, a mixture
of methanol: chloroform: acetic acid (volume ratio is 6:3:1, mixture
group), Bouin’s solution and 4% poly-formaldehyde. All animal
experiments were performed in accordance with regulations for
the administration of affairs concerning experimental animals
(1997.539) by the State Science and Technology Commission of
People’s Republic of China.

Results

Preparation of brain sections

Fixative solutions were removed and the brain tissues were
rinsed in 0.1 M PB (pH 7.2-7.4). Next, mouse brains were dipped
into 30% sucrose in 0.1M PB for 2days. Then brain sections were
cut coronally at 20pum thickness on a freezing microtome, and
attached to APES-coated glass slides, as previously described [14].
Iron is accumulated in the spleen of ceruloplasmin gene knockout
(CP-/-) mice, so spleen sections from CP-/- mice were used as the
positive control.

Iron histochemistry

stained with DAB-enhanced iron
histochemistry method as previously described [13,14]. After
rinsing three times in de-ionized water for 30min, the sections were
incubated at room temperature for 20min in 1% H,0, in 0.01 M
phosphate-buffered saline (PBS) to quench endogenous peroxidase
activity and then rinsed three times in de-ionized water for 30min.
After that, they were incubated at room temperature in a freshly
made Perl’s solution [2% potassium ferrocyanide in 2% aqueous

hydrochloric acid] for 1h and 8h respectively, and subsequently

Non-heme iron was

rinsed three times (10min each) in de-ionized water and the
staining was enhanced in a diaminobenzidine (DAB) solution.
Negative control sections were incubated in Perl’s solution, but
with PBS in place of potassium ferrocyanide. The control slides
did not show any positive staining. Finally, the sections containing
midbrain, cerebellum, cerebral cortex, CPu, hippocampus and
choroid plexus were selected to show the non-heme iron staining,
and they were photographed with a Zeiss Imager A2 microscope
(Jena, Germany).

Non-heme iron staining needs to be enhanced by DAB in the brain

Figure 1: Non-heme iron staining in spleen and brain.

ethanol.

20pm.

Figure 1A: Spleen, positive control of non-heme iron staining without DAB enhancement.
Figure 1B: Choroid plexus in the brain, negative control of non-heme iron staining with DAB enhancement.
Figure 1C & Figure 1D: Midbrain of non-heme iron staining with DAB enhancement after fixation with 95%

Figure 1E & Figure 1F: Cerebellum of of non-heme iron staining with DAB enhancement after fixation with
Bouin’s solution. The time of incubation with Perl’s solution is 1hour for A, and 8 hours for B-E. Scale bars:
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Non-heme iron (ferric iron) was stained in brain sections with
iron histochemistry method, and spleen section with high level of
iron was used as the positive control. Data showed that the staining
is blue in spleen after incubation in Perl’s solution for 1hour (Figure
1A), which indicated that the procedure in this study worked well,
and that spleen has so much iron that the staining presented as
blue in such a short reaction time. At the same time, blue staining
of non-heme iron was not observed in the brain sections. After DAB
enhancement, brown staining of non-heme iron could be seen in
the midbrain and cerebellum (Figure 1B), which was confirmed by
the negative control sections with the same incubation and staining
procedures (Figure 1C-1F).

Different fixative solutions do not induce obvious
changes in non-heme iron staining.

Four kinds of different fixative solutions were detected to
see their effects on DAB-enhanced non-heme iron staining, data
showed that no obvious positive staining in both mixture group and
poly-formaldehyde group after incubation in Perl’s solution for 1
hour (Figure 24, 2B and 2E). When the incubation time increased
up to 8hours, the positive staining could be clearly seen in the
midbrain (Figure 1C, 1D), cerebellum (Figure 1E, 1F), CPu (Figure
2C), cerebral cortex (Figure 2D), choroid plexus (Figure 2F, 2H)
and hippocampus (Figure 2G). Moreover, there are no significant
changes of brown staining among different fixative treatments of
95% ethanol, Bouin’s solution and poly-formaldehyde.

FEy

Figure 2A: a mixture of methanol: chloroform: acetic acid as the fixative solution, corpus collosum, incubation

Figure 2B: a mixture of methanol: chloroform: acetic acid as the fixative solution, cerebral cortex, Perl’s

Figure 2D: Bouin’s solution as the fixative solution, cerebral cortex, Perl’s solution for 8 hours.

Figure 2E: poly-formaldehyde as the fixative solution, choroid plexus, Perl’s solution for 1 hour.

Figure 2F: poly-formaldehyde as the fixative solution, choroid plexus, Perl’s solution for 8 hours.

Figure 2G: Bouin’s solution as the fixative solution, hippocampus, staining for 8 hours.

Figure 2H: Bouin’s solution as the fixative solution, choroid plexus, Perl’s solution for 8 hours. Scale bars:
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Figure 2: : Non-heme iron staining with DAB enhancement.
with Perl’s solution for 1 hour.
solution for 1 hour.
Figure 2C: poly-formaldehyde as the fixative solution, CPu, Perl’s solution for 8hours.
20pm.
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Discussion

Iron metabolism participates in so many cellular metabolism
processes and iron homeostasis has gained more and more
attentions in clinic and basic research [15]. Detection of iron levels
is primary and necessary in research of iron metabolism. Iron
histochemistry is one of the iron detection methods. It is easy to
handle, and can get the observable blue color and morphological
data of non-heme iron staining in situ, so it is strongly recommended
for brain tissue sections especially with small sample size and
complicated structures such as choroid plexus, hippocampus, CPu
and so on.

However, non-heme iron levels are very low comparing with
those of peripheral organs and tissues, which make the staining
difficult and the optimal staining conditions to be investigated. In
our studies, we mainly focused on the influence of different fixative
solutions on the iron staining, and spleen sections were used as
positive control because iron is accumulated in organs of CP-/-

mice [16]. Iron staining was blue in spleen, while the positive iron
staining was not seen in the brain until it is enhanced with DAB. The
data confirmed the fact that non-heme iron levels were very low in
the brain, and also demonstrated that the staining of iron need to
be enhanced with DAB and the positive staining is brown in color.

As for the different treatments with different fixative
solutions, there were no obvious changes when the incubation
time extended longer in Perl’s solution (to 8hours). Figure 3
listed the recommended conditions in non-heme iron staining. It
is noteworthy that these 4 kinds of fixative solutions have their
own specific advantages in the maintenance of tissue structures
and molecules, so optimal fixative solutions should be selected
recombination with other considerations in experiments such as
the conservation of antigen intensity in immunohistochemistry,
interaction of fixative solutions with fat and sugar in tissues, the
morphological changes of other organs in the same animals, and
SO on.

Fixative solutions
95 %% ethanol
A mixture

| Spleen | Midbrain | Cerebellum
| DAB (-), 1h | DAB (+), 8h | DAB (+), 8h
[ DAB (-), 1k | DAB (+), Bh | DAB (+), gh
Bouin's solution | DAB (=), 1h | DAB (+). 8h | DAB (+). 8h
4% polylformaldehyde | DAB (=), 1h | DAB (+], 8h | DAB (+), 8h

Cpu | Cerebral Cortex | Corpus collosum Choroid plexus|
DAB (+), 8h| DAB (+), 8h DAB (=), 8h DAB (+), 8h |
DAB (+), 8h| DAB (+), §h DAB (=), 8h DAB(+), 8h |
DAB (+), 8h| DAB (+), 8h DAB (+), 8h DAB (+). 8h_|
DAB (+), 8h| DAB (+), 8h DARB (+), 8h DAB (+), 8h

respectively.

Figure 3 : The summary diagram for recommended fixative solutions and DAB enhancement in non-heme
iron staining. “A mixture” means a mixture of methanol: chloroform: acetic acid (volume ratio is 6:3:1),
“DAB(-)” means non-heme staining without DAB enhancement, “DAB(+)” means non-heme staining with
DAB enhancement, “1h” or “8h” means the incubation time in Perl’s staining solution is 1 hour or 8 hours,

In conclusion, DAB enhancement is needed in non-heme iron
staining in the brain sections, and different fixative solutions
have no significant effects on non-heme iron staining when the
incubation time is long enough in Perl’s solution. However, it still
needs select the optimal fixative solution when it is not merely
focusing on iron distribution and contents in studies.

Perspectives

We should know that the detection of iron distribution and
contents is not merely limited to Perl’s staining, more optional iron
detection methods are developing in the brain, such as Magnetic
mapping of iron at the nano scale level [17]. Nevertheless, Perl’s
staining has the superiority the other methods because this
method is simple, accurate, reliable and reproducible. Although
there are no obvious differences among different fixative solutions
in our studies, it will provide important experimental foundations
for selections of fixative solutions when other methods, such
as immuno-fluorescence, in situ hybridization and single cell
sequencing, were combined with Perl’s staining, which will give
more valuable information for future research.
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