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Abstract

Safety concerns on the toxic and carcinogenic effects of formalin exposure have drawn increasing
attention to the search for alternative low risk fixatives for processing tissue specimens in
laboratories worldwide. Alcohol-based fixatives are considered some of the most promising
alternatives. We evaluated the performance of alcohol-fixed paraffin-embedded (AFPE) samples
from Sprague-Dawley (SD) rats analyzing tissue morphology, protein and nucleic acid
preservation after short and extremely long fixation times (up to 7 years), using formalin-fixed
paraffin-embedded (FFPE) samples as a comparator fixative. Following short and long-term
alcohol fixation, tissue morphology and cellular details in tissues, evaluated by scoring stained
sections (Hematoxylin-Eosin and Mallory’s trichrome), were optimally preserved if compared to
formalin fixation. Immunoreactivity of proteins (Ki67, CD3, PAX5, CD68), evaluated by
immunohistochemistry, showed satisfactory results when the fixation period did not exceed 1 year.
Finally, we confirm the superiority of alcohol fixation compared to formalin, in terms of quantity
of nucleic acid extracted from paraffin blocks, even after an extremely long time of alcohol
fixation.
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Our results confirm that alcohol fixation is a suitable and safe alternative to formalin for
pathological evaluations. There is a need for standardization of formalin-free methods and
harmonization of diagnosis in pathology department worldwide.
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1. Introduction

Chemical fixation is an essential process to prevent tissue autolysis and degradation, while
preserving morphology and cellular details for microscopic evaluations. For over a century,
10% solution of formalin (4% formaldehyde), diluted in water or in a buffered solution
(Neutral Buffered Formalin, NBF), has been considered the fixative of choice in routine
histopathology, thanks to its ability to quickly permeate cell walls and membranes, and to
preserve tissue specimens for long periods of time at reasonable cost. Formalin creates
covalent bonds between biological macromolecules, and ensures chemical activity and
cellular antigenicity conservation in tissues (Warmington et al., 2000). Therefore, formalin-
fixed paraffin-embedded (FFPE) tissues currently represent the most common material for
clinical research and molecular diagnosis collected in pathology departments worldwide.
But formalin does not always represent the “gold standard” fixative when considering other
downstream biochemical and molecular analyses. In fact, the positive features of formalin as
preservative for histology are counterbalanced by different disadvantages among which
some of the most discussed are reduced immunohistochemical reactivity and rapid nucleic
acids degradation (Cox et al., 2006; Gillespie et al., 2002; Moelans et al., 2011a, b). The
crosslinking mechanism of formalin alters protein folding reducing the overall availability of
epitopes that can be bound by antibody, although the degree of epitopes alteration varies
with molecular targets (Bogen et al., 2009; Hayat, 2001; O’Leary et al., 2009; Otali et al.,
2009; Paavilainen et al., 2010). To overcome this problem, several proteolytic or heat-
induced antigen retrieval methods have been recently become available through commercial
sources, with the purpose of restoring normal protein folding and to improve epitope
accessibility on fixed tissues (Fowler et al., 2011; Paavilainen et al., 2010). To date, these
antigen retrieval techniques are considered a standard procedure to achieve high quality
staining, even if their mechanisms of action are not well understood. For this reason, antigen
retrieval methods remain mainly empirical, requiring the optimization of several critical
parameters in a systematic process (Miller et al., 2000).

In addition, the health risks stemming from formaldehyde exposure during tissue processing
for preservation, have been widely discussed by many public health agencies for long time
and there is increasing awareness of its toxic and carcinogenic properties (National Research
Council, 2011). Already in 1987, the U.S. Environmental Protection Agency (EPA)
classified formaldehyde as a probable human carcinogen following unusually high or
prolonged exposure (US EPA, 1989), resulting in the lowering of acceptable exposure levels
a few years later (OSHA, 1992). IARC reported a correlation between formaldehyde
exposure and nasopharyngeal carcinoma in human (Cogliano et al., 2005), later supported
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by the scientific evidence of a link between formaldehyde exposure and leukemia (Baan et
al., 2009). It is note-worthy that leukemogenic effects were also observed in our experiments
(Soffritti et al., 1989, 2002). These announcements provided the basis for the last evaluation
by IARC published in 2012 defining formaldehyde as “carcinogenic to humans” (Group 1)
(IARC, 2012).

The recognition of the health risks related to formaldehyde use and the desire to improve
diagnostics through molecular techniques, has encouraged the search for a substitute over
the years (Buesa, 2008; Srinivasan et al., 2002). Among several alternative fixatives,
alcohol-based ones are considered the most promising especially for molecular pathology, as
they act by coagulation and do not mask antigenic sites (Stanta et al., 2006). Short fixation
time, optimal preservation of DNA, RNA and proteins and a safer workplace environment,
are some of the advantages of alcohol-fixation methods (Bostwick et al., 1994; Moelans et
al., 2011a). Some disadvantages of alcohol-based fixatives have been reported, including
tissue shrinkage and hardening, artifactual pigment deposition and lysis of erythrocytes
(Bostwick et al., 1994; Moelans et al., 2011b). In order to overcome these problems, some
additives for alcohol-based fixatives have been used over time, as these might improve the
quality of histological and molecular analysis (Table 1), but none of them have met a
widespread application (Boissiére-Michot et al., 2013; Dotti et al., 2010; Lassalle et al.,
2009; Masir et al., 2012; Moelans et al., 20114, b; Stanta et al., 2006).

As the use of specific fixatives remains a crucial point for the optimization of analysis
method, fixation times also represent a critical parameter in terms of biomolecule
preservation for optimal histomorphological analysis. This aspect has been evaluated by a
few authors that have demonstrated that under- or over-fixation of tissues with NBF
produces low quality of both immunohistochemical staining (Goldstein et al., 2007; Yaziji et
al., 2008) and nucleic acid preservation (Chung et al., 2008). While other studies have
reported uncertain results about over-fixation period (De Marzo et al., 2002; Shi et al., 2007;
Wester et al., 2000), insufficient data have been collected about minimum tissue fixation
times (Dapson, 2007; Kalkman et al., 2014). Chung et al. (2018), analyzed the effects of
fixation time comparing crosslinking (NBF) and coagulative (BE70 and 70% ethanol)
fixatives, reporting how the latter allows a good preservation of both antigens and nucleic
acids, suggesting an optimal fixation period from 4 h to about 3 months. Instead, the authors
suggested a fixation window from 12 h to 1 week for NBF, highlighting how the use of NBF,
from a technical point of view, is more restricted. The optimization of the fixation time
represents a primary feature in developing new high quality fixation protocol for clinical and
basic research.

Since 1969, because of the concerns surrounding the safety of formaldehyde, the Ramazzini
Institute (RI) is using alcohol-based fixatives to preserve tissue specimens. The decision to
substitute formaldehyde and encourage and enforce formaldehyde-free laboratory
procedures was, and still is, the only available possibility to protect lab personnel from
exposure, although at that time formaldehyde was not yet classified as a carcinogen. In 1984,
the RI started also a series of experiments on formaldehyde carcinogenicity. An increased
incidence of total malignant tumours, haematopoietic tumours, and interstitial-cell adenomas
of the testis were observed in male SD rats (Soffritti et al., 1989, 2002). Moreover, the

Acta Histochem. Author manuscript; available in PMC 2020 January 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Panzacchi et al.

Page 4

studies showed an increased incidence of smooth-muscle tumours of the small intestine
(leiomyosarcoma) in female SD rats (Soffritti et al., 1989). The results of these experiments,
assessed by the IARC, have contributed to the classification of formaldehyde as a Group 1
carcinogen (“carcinogenic to humans™) (IARC, 2012).

To date, the Rl has completed nearly 400 cancer bioassays on more than 200 compounds/
agents for the identification of exogenous carcinogens, environmental and industrial above
all, using about 148,000 SD rats monitored at least until 130 weeks or for the life span until
their spontaneous death. The large tissue bank archived in over 40 years of activity,
represents an ideal setting for exploring the suitability over time of alcohol-fixed paraffin-
embedded (AFPE) samples for morphological and advanced molecular biology analysis.
Particularly, in the present study, we evaluated the effects of fixation in alcohol after
relatively short time (48 h) up to 67 years, on cellular morphology, protein and nucleic acid
preservation. The performances of AFPE samples were also compared with the standard 48
h FFPE samples.

2. Materials and methods

2.1. Tissue samples

Spleen, liver and kidney from fourteen SD rats (seven males and seven females) of the
colony of the Cesare Maltoni Cancer Research Center (CMCRC) were collected during
necropsy (Soffritti et al., 2006). Tissues were obtained from untreated animals of
experiments performed by the Rl from 2003 to 2013. All these experiments were approved,
at the time, by the local scientific ethical committee on animal experimentation (Organismo
Preposto al Benessere degli Animali - OPBA) of the RI.

Tissue samples were fixed either in formalin for 48 h (10% NBF) or in 70% alcohol

(mixture of ca. 40% ethyl alcohol and ca. 60% isopropyl alcohol; Solvanol, Vital Srl, Italy)
diluted in distilled water, for 48 h, 1 week, 1 month, 1-2 years, 4 years, 67 years. Following
fixation at room temperature, samples were processed according to the standard operating
procedures of the CMCRC with 80% (2X), 95% (3X), 100% (3X) alcohol, K-clear (2X)
(Kaltek srl, Padova, Italia) and subsequently infiltrated and embedded with paraffin wax. All
blocks of fixed tissues were stored at room temperature in the dark until use.

Histochemical and immunohistochemical (IHC) staining Sections of FFPE and AFPE spleen
(3 um thick) were obtained using a rotating microtome (Leica Biosystem, Wetzlar,
Germany) and collected on polylysine coated slides.

For histological analysis, oven-dried sections were deparaffinized with xylene and hydrated
through a graded series of ethanol (100%, 95% and 80% ethanol) and distilled water. One
section of each tissue was routinely stained with Hematoxylin and Eosin (H&E) or
Mallory’s Trichrome for basic morphological evaluation. The staining was performed
according to RI standard procedures and the sections were histologically verified in blinded
fashion by two pathologists independently. Morphology assessment included both overall
morphology and nuclear, cytoplasmic and membrane details in the tissues.

Acta Histochem. Author manuscript; available in PMC 2020 January 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Panzacchi et al.

Page 5

For IHC analysis, air dried sections were deparaffinized with xylene and hydrated through a
graded series of ethanol (100%, 95% and 80% ethanol) and distilled water. On the basis of
our previous work (Panzacchi et al., 2013), paraffin-embedded spleen sections were post-
fixed with 10% NBF for 30 min at 4 °C before starting the staining. This process, developed
by our group, allows the use of the same standard IHC protocols already in use for FFPE on
AFPE samples. After this step, sections were transferred in 70% alcohol for 18-24 hours.
Endogenous peroxidase activity was quenched with 3% hydrogen peroxide for 15 min.
Slides were placed into a Tissue Tek® container with 1X Antigen Decloaker (pH 6) (Biocare
Medical, Pacheco, CA, USA) inside the pan and decloaked for 5 min at 120 °C. Then, non-
specific binding sites were blocked with serum obtained from the source species in which
the secondary antibody is produced, for 15 min in a humidified chamber (Jackson
Immunoresearch Laboratories, Inc., West Grove, PA, USA). Sections were incubated with
primary antibody: monoclonal mouse anti-Ki67 (Dakocytomation Corporation, Carpinteria,
CA, USA), polyclonal rabbit anti-CD3 (Abcam, Cambridge, MA, USA), polyclonal goat
anti-PAX5 (Santa Cruz Biotechnology, Santa Cruz, CA, USA) or monoclonal mouse anti-
CD68 (AbD Serotec, Raleigh, NC, USA). The selected target proteins include different cell
populations: Ki67 a nuclear protein strictly associated with cell proliferation (Schluter et al.,
1993); CD3, a constituent of the T-cell receptor complex (Rehg et al., 2012); PAX5 a
transcription factor of the paired-box containing (PAX) family, expressed during early pro
B-cell, pre B-cell and mature B-cell stages, but absent in plasma cells (Adams et al., 1992;
Barberis et al., 1990; Rehg et al., 2012) and CD68, a glycoprotein associated with lysosomes
highly expressed by cells of the monocyte/macrophage lineage (Rehg et al., 2012). Details
about the protocols, including primary and secondary antibodies producers, dilutions and
incubation time, are reported in Table 2. Positive and negative controls were included for
each immunohistochemical analysis.

A specific secondary antibody was used for each reaction: biotinylated horse anti-mouse 1gG
antibody (Vector Laboratories, Burlingame, CA, USA) for Ki67 or CD68 detection;
biotinylated horse anti-goat 1gG antibody (\Vector Laboratories, Burlingame, CA, USA) for
PAX5 detection and the rabbit on rodent HRP polymer reagent (Biocare Medical, Concord,
CA, USA) for CD3 detection. An incubation with the SS Polymer-HRP Detection System
(Biogenex Laboratories, San Ramon, CA, USA) was performed for Ki67, PAX5 and CD68
staining.

Finally, the entire antibody-enzyme complex was then made visible by the reaction with
diaminobenzidine (DAB) until adequate color development was seen. Sections were rinsed
in distilled water, counterstained with hematoxylin, dehydrated, and cleared in xylene.
Mountant and cover slips were applied for optical microscopy analysis. Two pathologists
performed the evaluation of the slides independently. Criteria for a sufficient staining were
antibody binding specificity, tissue morphology and overall staining quality. Grading of the
specific immunoreactivity was based on a four point scale with 0 being missing, 1 being
weak, 2 being moderate and 3 being strong. Stars indicate light background (*), moderate
background (**), or strong and diffuse background (***).

Extraction, quantification and quality assessment of DNA and RNA Sections (20 pm thick)
of FFPE and AFPE kidney and liver tissues were prepared under RNase/DNase free
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conditions. Sections of each tissue (3 pum thick) were stained with H&E for morphological
evaluation. Paraffin sections were deparaffinized employing a simple heating procedure, in
the presence of a non-volatile Melting Buffer supplied with the PureLink Kit (Invitrogen,
Carlsbad, CA, USA). Proteins were digested with Proteinase K buffer to free nucleic acids
and then paraffin was separated by centrifugation. Nucleic Acids (RNA or DNA) in the
tissue lysate were captured by selective binding to a silica—based membrane in the Spin
Cartridge. Impurities were removed by thorough washing with a Wash Buffer. Total RNA
and DNA was eluted in RNase- and DNase-free water. For RNA isolation, removal of any
contaminating DNA was accomplished with an off-column digestion step using DNase |
(RNase-free) for 10 min at room temperature (Quiagen, Hilden, Germany). For DNA
isolation, RNA was digested by incubation with RNase | (Thermo Fisher Scientific,
Waltham, Massachusetts, USA) for 30 min at 37 °C. Extracted nucleic acids were quantified
by absorbance (NanoDrop ND-1000, Thermo Fisher Scientific, Waltham, Massachusetts,
USA) and evaluated for impurities by A260/280 ratio for residual proteins.

3. Results

3.1. Tissue morphology (H&E and Mallory’s Trichrome)

We performed H&E and Mallory’s Trichrome staining on AFPE specimens and compared
their histological features according to fixation time. Forty-eight hours FFPE samples served
as reference. Morphology of tissues was evaluated by analyzing nuclear features,
cytoplasmic and membrane details, tissue architecture and staining characteristics.

As can be seen in Fig. 1 (1 a,b and 2 a,b), both 48 h NBF and alcohol fixation gave generally
comparable and satisfactory results regarding the structural status of tissues and the
consequent identification of tissue components. Particularly, tissues were well preserved and
all nuclear as well as cytoplasmic details were clearly visible. However, AFPE tissues
showed some peculiarity such as shrinkage of tissue components, clarity of cytoplasmic
elements, no evidence of eosinophils and red cell lysis. Finally, the overall quality of H&E
and Mallory’s Trichrome staining were not altered by fixation time in AFPE samples (Fig. 1:
3ab,4ab,5ab,64ab,7a)b).

3.2. Immunohistochemistry

We assessed the quality of IHC in spleen tissues fixed in alcohol from 48 h to 7 years in
order to evaluate antigen preservation. Forty-eight hours FFPE tissues served as reference.
IHC staining, performed to evaluate Ki67, CD3, PAX5, CD68 protein expression, has been
optimized for each antibody through the choice of the appropriate antigen retrieval methods
and the adjustment of the antibody concentration. No discrepancies in subcellular
localization of protein expression were observed in the differently fixed samples. The
immunostaining pattern observed for Ki67, CD3, PAX5 and CD68 was entirely retained up
to 1 year alcohol fixation (Fig. 1: 2 c—f, 3 c—f, 4 c—f, 5 c—f), showing no remarkable
differences if compared to the standard 48 h NBF fixation (Fig. 1: 1 c—f). From 4 to 7 years
in alcohol fixation, the overall quality of the IHC analysis performed for the above
mentioned proteins, gradually decreased, showing from weak to not specific staining (Fig. 1:
6 c—f, 7 cf). Finally, increasing levels of non-specific background and artifactual
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pigmentation were observed following 4 year of alcohol fixation (Fig. 1: 6 c—f), with
maximum effects following 7 years fixation (Fig. 1: 7 c—f). Grading of the immunoreactivity
is summarized in Table 3 and the staining results on female rat tissues are shown in Fig. 1.

3.3. DNA and RNA content and quality

We investigated the quantity and quality of nucleic acids extracted from AFPE tissues
according to fixation times. DNA and RNA were successfully extracted from all fixed rat
kidney and liver tissues. Results of the AFPE tissues were compared to the standard 48 h
NBF fixation. Extracted nucleic acids were quantified by absorbance and evaluated for
impurities by A260/280 ratios for residual proteins. Results are reported in Table 4.

DNA extraction yield was similar in all AFPE tissues regardless of fixation periods, and was
higher than the standard 48 h NBF fixation. The A260/280 ratio of all AFPE tissues was
similar to that of 48 h NBF. Likewise, RNA extraction yield from AFPE tissues did not
undergo substantial changes from 48 h until 7 years of fixation. Particularly, the RNA
recovery yield from AFPE tissues was higher than the standard 48 h FFPE, regardless of
fixation period. The A260/280 ratio of all AFPE specimens was similar to that of 48 h NBF.

Results confirmed that alcohol fixation for up to 7 years was superior to 48 h NBF fixation
in terms of quantity of DNA and RNA retrieved and comparable in terms of purity.

4. Discussion

Safety concerns regarding the health risks connected to formaldehyde exposure have
motivated health care facilities (e.g. hospitals) and researchers to adopt alternative solutions
in order to reduce staff exposure. In particular, pathology units are at high risk of exposure
for the frequent use of NBF during several processes and activities (IARC, 2012). Diffusion
of technical guidelines for the handling, storage, transportation and disposal of
formaldehyde, together with the adoption of precautionary measures such as personal
equipment, represents some of the tools used to protect personnel. Despite its widespread
use, from a technical point of view, the choice of formalin for tissue fixation in pathology
laboratories worldwide is not justified by its superior performances, but rather stems from
the need to harmonize the diagnostic criteria (Zanini et al., 2012). Formalin, in fact, like all
chemical fixatives, elicits protein modifications and hampers the extraction of intact nucleic
acids (Bogen et al., 2009; Cox et al., 2006; Gillespie et al., 2002; Hayat, 2001; Moelans et
al., 2011a; O’Leary et al., 2009; Otali et al., 2009). Therefore, the scientific community is
focused on the search for alternative fixatives to substitute formalin, being alcohol-based
fixatives some of the most promising candidates.

In this perspective, we evaluated the performance of AFPE samples from SD rats analyzing
tissue morphology, protein and acid nucleic preservation after short and extremely long
fixation times (up to 7 years), using FFPE samples as a comparator. Our study clearly shows
that morphology of tissues following short and long-term alcohol-based fixation is optimally
preserved, and tissues are suitable for most histological purposes. In fact, both H&E and
Mallory’s Trichrome staining gave optimal overall results in terms of intensity and in
cytoplasmic and nuclear detail definition in all the tested conditions. Indeed prolonged
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alcohol fixation, from 4 up to 7 years, is associated with a slightly lower score of the quality
of tissue morphology, however this does not seem to interfere with H&E and Mallory’s
Trichrome evaluation. Thus, from the point of view of morphological analysis, tissue can be
stored in alcohol fixative for extremely long periods of time. This is not the case for the
“gold standard” NBF, as emphasized in the work of Chung et al., (2018) in which scientists
reported a progressive decrease of H&E staining intensity following 1 week to 6 months
fixation. Finally, we observed some artifactual changes that have been previously described
in alcohol-based fixed tissues, in particular shrinkage and hardening effects independently
by fixation times (Perry et al., 2016). However, the degree of these alterations did not
significantly influence the establishment of a proper diagnosis in our samples.

In carcinogenesis studies, the use of IHC markers are crucial to distinguish clonal
expansions typical of malignant tumours and to determine specific tumour origin/type or
progression of given neoplasm (Painter et al., 2010; Rehg et al., 2012). Thus, IHC represents
an effective tool for protein patterns distribution analysis both in normal and pathological
tissues and provide an excellent method to confirm diagnosis that might be subjected to
inter- and intra-observer variability, particularly in border-line lesions. Scientific studies
argue that alcohol based fixatives act by precipitation of proteins, which do not mask their
antigenicity and make the antigen retrieval on slide unnecessary (Burns et al., 2009; Howat
and Wilson, 2014; Kap et al., 2011; Nassiri et al., 2008; van Essen et al., 2010). This topic
has been extensively evaluated in our previous work on the development of a standardized
IHC method on AFPE tissue (Panzacchi et al., 2013). It is true that the immunoreactivity of
membrane or cytoplasmic proteins, such as CD3 and CD68, unlike nuclear antigens, on
alcohol-fixed tissues, could be evaluated according to standard IHC staining protocols. But
in order to improve the immune reaction of AFPE tissues, in some cases a post-fixation in 30
min NBF before performing IHC staining on AF tissue might still be necessary (Kothmaier
et al., 2011). The improvement of the antibody efficiency and of the overall IHC staining
following NBF post-fixation step could be explained by the fact that commercially available
antibodies have been developed and selected to be applied on formalin-fixed tissues. To date
antibodies are not routinely tested by the manufacturers on alcohol-based fixed tissue and,
for this reason, the producers do not guarantee a successful IHC staining on AFPE.
Nevertheless, our results demonstrated that different antibodies are highly compatible with
alcohol fixation and indeed the subcellular distribution of the corresponding proteins is
preserved in the experimental conditions. The only limit of IHC staining following alcohol
fixation might be represented by an extremely long fixation time. Tissues dwelled in alcohol
for a maximum of 1 year reacts promptly with the antibodies; whereas, after 4 year fixation,
a gradual decrease of staining intensity levels or absence of immune reactivity were
observed. Moreover, as fixation time increase, non-specific background and artifactual
pigmentation were more evident, complicating an accurate evaluation of protein expression
by pathologists.

In the last few years, advanced molecular technologies, requiring high-quality nucleic acids,
have been developed to support pathologists in diagnosis. As already reported in the
scientific literature, the recovery of nucleic acids from FFPE tissues remains challenging,
with low recovery and poor quality (Chung et al., 2018). Our study confirms the superiority
of alcohol fixation compared to NBF, in terms of quantity and purity of nucleic acid
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extracted from paraffin blocks, even after an extremely long time of alcohol fixation (up to 7
years). A recent work of Chung et al. (2018) demonstrated that nucleic acid integrity is well-
preserved from 1 to 6 months following 70% ethanol-fixation, while a rapid fragmentation is
observed following NBF-fixation. Moreover, previous studies showed that nucleic acids
extracted from AFPE are of high quality and slightly fragmented (Dotti et al., 2010;
Giannella et al., 1997; Gillespie et al., 2002; Milcheva et al., 2013; Moelans et al., 2011a;
Noguchi et al., 1997; Perry et al., 2016; Srinivasan et al., 2002). Because of the encouraging
results on the quality and quantity of macromolecules preserved in AFPE tissues presented
here, our next steps will be to explore deeply other parameters as DNA and RNA integrity,
and to evaluate microRNA yield (Klopfleisch et al., 2011).

Our results reinforce the increasing available scientific evidences on low risk chemical
compounds, such as alcohol, with optimal results in terms of tissue fixation. In light of the
risks connected with the use of formaldehyde, no scientific reasons exist to justify the
extensive use of formalin for processing tissue specimens in clinical and research
laboratories. Standardization of formalin-free methods and harmonization of diagnosis in
pathology department worldwide, should urgently aim to formalin substitution and the
development of safer alternative protocols (Bostwick et al., 1994). Occupational health
authorities throughout the world have introduced stricter limits and regulations to formalin
use to protect workers and citizens. But the most effective form of prevention, that any
pathology laboratory in the world can enforce, is the avoidance of any unnecessary use of
formalin and its substitution with safer and cheap alternatives, such as alcohol-based
fixatives.
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Fig. 1.
Female Sprague-Dawley rat spleen tissues stained with: H&E, Mallory’s Trichrome, Ki67,

CD3, PAX5, CD68 (10 X). Tissue samples were fixed either in 10% formalin (NBF) for 48 h
(1a - 1f) or in 70% solution of Solvanol (ethyl alcohol 60%, isopropy! alcohol 40% and
distilled water), for 48 h (2a — 2f), 1 week (3a — 3f), 1 month (4a — 4f), 1 year (5a - 5f), 4
years (6a — 6f), 7 years (7a — 7f).
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Table 3

IHC analysis. Evaluation of specific immunostaining intensity obtained with rabbit polyclonal antibody
against CD3, goat polyclonal antibody against PAX5, mouse monoclonal antibody against CD68 and mouse
monoclonal antibody against Ki67 on Sprague-Dawley rat spleen tissues according to different time of
fixation. Grading was 0 (missing), 1 (weak), 2 (moderate) and 3 (strong).

Antibodies

Fixation time Fixative Sex Ki67 PAX5 CD3 CD68

48 hours NBF M 3 3 3 3
48 hours F 3 3 3 3
48 hours Alcohol M 3 3 3 3
48 hours F 3 3 3 3

1 week Alcohol M 3 3 3 3

1 week F 3 3 3 3

1 month Alcohol M 3 3 3 3

1 month F 3 3 3 3

2 years Alcohol M o»* 1% 0¥ 3%
1year F 2% 1* 0¥ o*
4 years Alcohol M 1% o” 0 o
4 years F 1 o* o 2
6 years Alcohol M g*** * 0¥ o
7 years F 0¥ o* 0¥*

The stars indicate light background (*), moderate background (**), or strong and diffuse background (***).
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