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Abstract. One of the most common problem that researchers encounter
when using fluorescence to visualize immunohistochemistry is the
autofluorescence of the studied organ tissue sections and cell cultures.
Autofluorescence quenching is necessary for a wide variety of organs and
tissues, as well as for different methods of fixation and histochemical
processing of sections. In addition to autofluorescence quenching, it is
necessary to take into account the need for histological readability of tissue
sections when using counterstains afterwards. Such protocol refinement for
fluorescent immunohistochemistry for chicken, porcine and cattle tissues
was carried out for the first time, as well as the use of a dimethyl sulfoxide
(DMSO) solution with ethanol as Sudan Black B (SBB) solvent. Incubation
of sections in SBB was chosen as the simplest and most nonspecific one.
The most effective dissolution of the dye is achieved at a concentration of
0.3% SBB in a solution of 70% ethanol and absolutized DMSO in a 4:1 v/v
ratio. The most thorough removal of SBB solution excess is achieved by
rinsing the sections 5 times with 70% ethanol and then rinsing the sections
with TBST (tris-buffered saline and Tween-20) buffer 5 times.

1 Introduction

Fluorescence microscopy is one of the most popular methods for visualizing
immunohistochemical staining of organ tissue sections and cell cultures. The use of
fluorescently labeled secondary antibodies avoids the blocking step of endogenous
peroxidases which is required when using, for example, chromogenic substrates for bright-
field microscopy imaging. On the other hand, the use of secondary fluorescently labeled
antibodies or antibodies conjugated with horseradish peroxidase to react with fluorescently
labeled tyramide (tyramide signal amplification) has its advantages. That includes avoiding
the presence of unwanted background that appears when staining with chromogens such as
3,3'-diaminobenzidine (DAB) and interfering with microscopy of tissues with counterstain.
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However, one of the most common problem that researchers encounter when using
fluorescence to visualize immunohistochemical staining is the autofluorescence of the
studied organ tissue sections and cell cultures. Autofluorescence quenching is required when
studying cell cultures [1], fresh frozen sections [2]; as well as fresh formaline fixed sections
[3] and more than half-century old FFPE-cassettes [4]. Besides red blood cells
autofluorescence (RBC) because of oxy- and desoxyhemoglobin [5, 6], autofluorescence of
matrix and cells of connective tissues due to collagen, elastin, ceratin and NADH, as well as
different forms of hemoglobin has also been reported [7, 8]. In general, the range of
autofluorescent compounds is wide, as are the methods of their quenching [9], including
ready-to-use solutions such as TrueBlack (Biotium, USA). However, improvement of
existing methods using a combination of techniques continues [5, 10].

The number of papers on organ tissues of chickens, pigs and cattle using IHC research
techniques is scarce. The study of many biological processes and mechanisms, which have
already been demonstrated in humans and model organisms such as rats and mice, remains
to be conducted on agricultural animal species. This aspect is especially interesting from the
comparative physiology point of view [11-13].

The effectiveness of incubating sections in Sudan Black B has been previously shown
[14-17], including the use of mere DMSO as a solvent [18]; TrueBlack® in DMSO, Biotium)
however, not using DMSO as an additional solvent to ethanol. In addition, such protocol
aspects have not been thoroughly studied in tissue sections from chickens, cattle and pigs.
Moreover, an effective and delicate protocol for removing Sudan Black B solution from
sections after incubation is required to achieve maximum clearing of excess dye while
maintaining quenched autofluorescence.

The purpose of this study is to refine protocol for autofluorescence quenching in FFPE
organ tissue sections of chickens, pigs and cattle, as well as to minimize the consequences of
its use. Incubation of sections in Sudan Black B solution prepared without overnight stirring
was chosen as the simplest and most nonspecific method.

2 Materials and Methods

To visualize RBC autofluorescence it is preferable to use vascularised organs or tissues with
active microcirculation. Therefore, bovine, chicken and porcine liver as well as porcine
myocardium and chicken small intestine were studied. To refine protocol for
autofluorescence quenching, samples of tissue (<5 mm thick) were fixed with 10% buffered
neutral formaldehyde with a ratio 1:20 of tissue volume to formaldehyde volume (3 samples
of each tissue). Tissue samples then were washed in running water, dehydrated and paraffin
blocks were prepared. Paraffin sections with a thickness of 3-4 um were cut. The sections
were placed on glass with an adhesive coating SuperFrostPlus (Apexlab LLC), then put on a
drying table (60 °C) until the paraffin melted.

To find the optimal protocol for quenching autofluorescence of red blood cells, sections
were prepared and stained using the following steps:

1. The sections were placed in a Tris-EDTA buffer solution heated to 96 °C in a water
bath for 20 minutes to perform temperature unmasking of antigens using HIER, pH = 9
(PrimeBioMed LLC);

2. After incubation, the sections were left in the buffer to cool to room temperature,
then were washed with distilled water;

3. The sections were incubated in H>O, solution for 10 minutes and placed in distilled
water for 2 minutes;

4.  The sections were dried and outlined with a hydrophobic marker;

5. Sections were incubated with TBST buffer (Servicebio) for 1 minute.
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After incubation in TBST control sections (without quenching of autofluorescence of red
blood cells) were covered with glass slips using LumiMount mounting medium (Lumiprobe
Ltd) and microscoped in the green channel of fluorescent illumination. Assessing of protocols
was performed using bright-field microscopy and fluorescence microscopy in the green
illumination channel and images were taken with an ADF PRO 03 camera (ADF Optics Co.
LTD) on Olympus BX43 microscope (Olympus Co. LLC).

Sections with further quenching of autofluorescence of RBC were incubated in TBST
buffer, after which a freshly prepared solution of Sudan Black B was applied. The
concentration of 0.3% SBB was dissolved: in a solution of 70% ethanol (group of sections
B, C, D); in a 70% ethanol and absolute DMSO solution in a ratio of 4:1 v/v (section group
A). Sections coated with SBB solutions were incubated for 25 minutes in the dark and then
the solutions were washed off.

Three protocols for removing SBB from sections were tested:

- rinsing 5 times with a 70% alcohol and absolute DMSO solution (9:1 v/v) and
subsequently with TBST buffer 5 times (section group C);

- rinsing with absolute DMSO 2 times and subsequently with TBST buffer 5 times
(section group B);

- rinsing 5 times with a solution of 70% alcohol and subsequently with TBST buffer 5
times (section group A);

- rinsing 7-10 times with TBST buffer (section group D).

After rinsing with TBST buffer sections were covered with glass slips using LumiMount
mounting medium (Lumiprobe Ltd) and microscoped. Assessing of protocols was performed
using bright-field microscopy and fluorescence microscopy in the green illumination channel
and images were taken with an ADF PRO 03 camera on Olympus BX43 microscope.

3 Results

Incubation of bovine liver samples with SBB in ethanol and DMSO solution leads to
quenching of erythrocyte autofluorescence. When examining samples in a bright-field, no
accumulation of dye granules was detected, which indicates the effective dissolution of the
dye. The protocol of rinsing off the dye with ethanol and then with a TBST buffer turns out
to be the most effective, but also gentle, which is indicated by the absence of fluorescence in
cells — group of sections A (Fig. 1).

Fig. 1. Bovine liver: absence of dye granules (bright-field microscopy, left) and absence of
autofluorescence of red blood cells (green illumination channel, right).
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Incubation of chicken liver samples with SBB in ethanol solution does not lead to
quenching of erythrocyte autofluorescence. However, this is probably due to the technique
of rinsing off the dye: when sections are treated with DMSO solution and TBST buffer, SBB
is overly washed off, and, as a consequence, the appearance of autofluorescence of
erythrocytes is present — section group B (Fig. 2). Even though dye granules are not detected
with bright-field microscopy, this method of SBB rinsing is not efficient for autofluorescence
quenching, although the absence of DMSO in the dye solution reduces the efficiency of
Sudan Black B dissolution.

Fig. 2. Chicken liver: absence of dye granules (bright-field microscopy, left), but presence of
autofluorescence of red blood cells (green illumination channel, right).

A similar autofluorescence pattern is observed for sections of porcine liver incubated with
Sudan Black B dissolved in ethanol. However, dye granules are detected by bright-field
microscopy, which indicates that the rinsing of SBB with ethanol and DMSO was not
sufficient enough to remove Sudan granules, but too intense for the dye to quench the
autofluorescence of erythrocytes — section group C (Fig. 3).

Fig. 3. Porcine liver: the presence of SBB granules (bright-field microscopy, left) and the presence of
autofluorescence of erythrocytes (green illumination channel, right).
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When sections of porcine heart muscle were incubated with SBB ethanol solution,
quenching of erythrocyte autofluorescence was achieved. However, when examining the
samples with bright-field microscopy, a large number of dye granules were detected. This is
due to the fact that the section samples were rinsed off only with TBST buffer after incubation
with the dye. With such treatment the dye is not sufficiently removed from the sections, which
leads to suppression of fluorescence, but complicates the histological readability of such
samples — group of section D (Fig. 4).

Fig. 4. Porcine myocardium: insufficient removal of SBB dye and undissolved granules (bright-field
microscopy, left), but sufficient quenching of autofluorescence of red blood cells (green illumination
channel, right)

Control sections of chicken small intestine tissue that were not incubated with SBB
demonstrate intense autofluorescence of red blood cells (Fig. 5)

Fig. 5. Chicken small intestine: control sections were not incubated with Sudan Black B. Red blood
cells show bright autofluorescence.
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4 Conclusion

Many papers on IHC exploit different and non-standardized techniques to reduce tissue
autofluorescence. It is necessary to have a unified treatment protocol while performing
fluorescent IHC on different animals especially since SBB treatment efficiency does not seem
to have a dependency on tissue type. Out of several tested protocols for staining sections with
Sudan Black B the most optimal one was determined. The protocol, during which the
minimum content of dye granules and the maximum quenching of red blood cell
autofluorescence is observed, consists of two parts. The most effective dissolution of the SBB
is achieved at a concentration of 0.3% in a 70% alcohol with absolute DMSO solution in a
4:1 v/v ratio. The most thorough removal of excess SBB solution while maintaining
autofluorescence quenching is achieved by rinsing the sections 5 times with 70% alcohol and
subsequently with TBST buffer 5 times.
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