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Abstract

Background: Formalin is a widely used histological fixative despite its carcinogenic properties, inadequate nucleic
acid preservation, and prolonged fixation time.

Aim: The study intended to prepare a novel zinc-based fixative that is, formalin-free, and cost-effective, provides
optimal preservation, with rapid penetration rates, and enhanced Hematoxylin/Eosin-stained sections.

Methods: Liver, kidney, brain, and small intestine specimens were collected from 10 adult laboratory rats (Rattus
norvegicus) and preserved in formalin 4%, formalin 10%, neutral buffered formalin (NBF), and the experimental
EZAT solution. The penetration depth (discolored edges) was measured at 6, 12, 24, and 48 hours. The shrinkage ratio
was calculated by measuring the width and length of the samples before and after 48 hours of fixation. The histological
evaluation, included staining affinity, cellular outline, cytoplasmic and nuclear attributes, and overall tissue structure,
was conducted by a panel of academic experts and rated using a scale of poor (1), fair (2), good (3), very good (4),
and excellent (5) grades. The data were later statistically analyzed to determine the significant differences among the
tested fixative types.

Results: A higher penetration rate was observed with the EZAT solution at 6 and 12 hours’ time and the samples reached
optimal fixation after 24 hours; with an accelerated diffusion coefficient, and a minimal shrinking effect compared to
formalin 10% and NBF. The microscopic evaluation of hematoxylin/eosin-stained sections revealed better staining
affinity, refined histological details, and enhanced cytoplasmic and nuclear properties. The overall structural evaluation
revealed an excellent microscopic appearance with the EZAT solution compared to formalin-based fixatives.
Conclusion: The EZAT fixative should be considered as an everyday preservative in histology and histopathology
laboratories. Future studies should be focused on the potential of EZAT in cellular histochemistry and
immunohistochemistry practices.
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Introduction These facts have motivated researchers to explore
alternative  fixation chemicals. Some scholars
employed heavy metals containing fixatives,
recommending their potential to enhance histological
details and their effectiveness in special techniques

like immunohistochemistry (IHC) (L’Hoste and Ann

In the field of histology, fixation refers to the process
of preserving cellular and tissue morphology in a
“life-like” state, this process is crucial for microscopic
examination of normal and diseased tissue (Sampedro-
Carrillo, 2022). Formaldehyde has been widely used as

a fixative of choice, due to its ability to preserve tissue
architecture and prevent tissue degradation (Buesa,
2008). However, prolonged exposure to formaldehyde-
based fixatives is considered hazardous to health,
and classified as carcinogenic by the World Health
Organization; while short-time exposure may result
in nasopharyngeal, skin, and ocular irritation (Hasan
and Abdelazizalzoubaa, 2019; Protano et al., 2022).
Furthermore, formalin is an inadequate preservative of
nucleic acids and exhibits slow penetration, requiring
48-72 hours (Buesa, 2008).

Tourres, 1995; Mori et al., 2015). Zinc was initially
introduced with formalin and found to improve
histochemical demonstration, enhance immunostaining
of lymphoid cell markers, and reduce fixation and de-
calcification time compared to formalin alone (L’Hoste
and Ann Tourres, 1995; Bonds et al., 2005). However,
a persistent risk is still associated with formalin in these
fixatives. Recent studies have shown a growing interest
in the use of formalin-free, zinc-containing fixatives
to address health-related concerns and improve the
quality of histological presentations.
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Grigorev and Korzhevskii, 2018, found that zinc
chloride and zinc sulfate-containing solutions exhibited
better cellular, extracellular, and antigenic preservation
compared with formalin. Jensen et al., 2010, reported
the capability of zinc-buffered fixatives in preserving
enzyme and nucleic acid protein and their preference in
applications of flow cytometry, fluorescent microscopic
analysis, and in the preservation of intracellular and
surface epitope profiles.

Korzhevskii et al. (2013) suggested using zinc in
combination with ethanol or alcoholic fixatives as it
presents promising immunocytochemical practice and
improves confocal and laser microscopic presentation.
However, formalin was still part of the previous
experimental fixatives.

The objective of this study is to develop a novel
fixative using zinc-based compounds with a new
chemical composition, volumes, and concentrations
that differ from commercial zinc-containing chemicals.
The advantages of the experimental solution are:
readily accessible, easy to prepare, formalin-free, cost-
effective, provides optimal preservation of cellular and
tissue morphology, exhibit rapid penetration rates, and
enhances the histological details of hematoxylin/eosin-
stained sections.

Material and Methods

Animals

Ten (n = 10) adult white laboratory rats (Rattus
norvegicus) were used in this study, obtained from
the Animal House—College of Veterinary Medicine,
University of Mosul—Iraq. FEuthanasia was
performed by intraperitoneal injection of 150 mg/kg
of Pentobarbital sodium (Penbital® Bioveta-Czeck)
in accordance with the guidelines of the American
Veterinary Medical Association (Underwood and
Anthony, 2020). The experiment was conducted
from December 2023 to March 2024 in the Anatomy
Department Laboratories, College of Veterinary
Medicine.

Fixatives preparation

Specimens of liver, kidney, brain (cerebral cortex),
and small intestine were collected from the dissected
animals, and preserved in labeled containers containing
80 ml of (formalin 10%, formalin 4%, and neutral
buffered formalin (NBF) 10% prepared according to
(Carson and Cappellano, 2015).

Additional samples were kept in an EZAT solution
consisting of absolute ethanol 40 %, Glacial Acetic
acid 12 % (Scharlab®, Spain), zinc chloride 2 %, zinc
tartrate 1%, thymol 0.02% (ThermoFisher®, USA), and
distilled water 45%. All samples were kept for 48 hours
at room temperature, around 25C°.

Macroscopic and physical characteristics

The specimens were examined for gross appearance,
color, and consistency. The penetration depth was
determined by creating a longitudinal cut along the
middle plane of 2 cm? liver samples. The fresh surface

was exposed and the distance of penetration (discolored
edges) was measured using a digital vernier caliper
(LOUISWARE, China) for the assessment of fixative
permeability within liver tissue. The measurement was
performed at certain times (6, 12, 24, and 48 hours) and
repeated 10 times in multiple samples, and data were
recorded accordingly. The penetration coefficient was
calculated using Medawar’s equation X = K V4, in this
equation, (X) represents the distance of penetration, (t)
represents the time of fixation, and (K) represents the
penetration coefficient (Medawar,1941; Steicke ef al.,
2018).

To determine the shrinkage ratio, a number of pictures
were taken using a (KODAK Pixpro, USA) 16MP
digital camera. These pictures were captured alongside
a metric ruler before and after 48 hours of fixation. The
length and width of the samples from the liver, kidney,
brain, and small intestine were measured using the
Imagel 1.54 (NIH, USA) software. The shrinkage ratio
is represented by measuring the extent of dimensional
decreases observed in the samples before and after the
fixation process (Kerns et al., 2008).

Histological processing

After the fixation process, the samples were passed to
the dehydration step using a series of ethyl alcohol at
different concentrations, including 70%, 80%, and 95%
(2 changes) for 30 minutes each. Finally, samples were
immersed in 100% alcohol (2 changes) for 45 minutes
each. Next, the samples were cleared using xylene for
45 minutes, and embedded in paraffin wax (2 changes)
for 1 hour each. Later, the samples were cast into a
paraffin block and sectioned using a rotary microtome
(BIOBASE BK-2218, China) into 4 pm thick sections.
The sections were stained with Harris Hematoxylin and
Eosin Y stains. Then, the sections were mounted with
DPX and coverslipped. Finally, the stained slides were
examined under a light microscope (Olympus-CX21,
Japan) (Suvarna et al., 2019).

Microscopic evaluation

A blind microscopic evaluation was conducted by a
panel of a total of 7 professors and assistant professors
from the Anatomy and Pathology and Poultry Diseases
Departments in the College of Veterinary Medicine,
University of Mosul, to assess the adequacy of fixation
for formalin-based fixatives and EZAT experimental
solution. The evaluation focused on the staining
affinity, cellular outline, cytoplasmic attributes, nuclear
attributes, and overall tissue structure parameters in the
liver, kidney, brain, and small intestine sections.

The observations of the panel members were rated on
grades of poor (1), fair (2), good (3), very good (4), and
excellent (5). The questionnaire responses (appendix
1: can be provided by the corresponding author upon
request) were recorded and organized for subsequent
statistical analysis to determine the effectiveness of the
fixation methods.
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Statistical analysis

The data from the microscopic evaluation grades
were expressed as the mean and standard error of the
mean (M = SEM). The statistical differences among
fixative groups were analyzed using one-way analysis
of variance and Duncan’s post hoc test, while, the
penetration and shrinkage ratios were analyzed using
chi-Squar and Bonferroni adjustment test to determine
the differences among each distinct set of data. All
statistical analysis were conducted using (IBM Spss.
v27, Chicago-USA) software, at a significant level of p
<0.05 (Petrie and Watson., 2013).

Ethical approval

The study was approved by the Animal Care and
Use Committee of the college, with (Ref number:
UM.VET.2023.099).

Results

The gross examination of the samples during the
fixation process revealed various physical changes.
Initially, there was a hardening of the soft texture in
the liver, kidney, and brain, accompanied by alterations
in shape, size, and color. Samples kept in the EZAT
solution turned light grey and brown, whereas those in
formalin-based fixatives appeared totally grey or white.
EZAT solution exhibited rapid penetration efficiency,
the penetration distance was significantly deeper
within liver samples during the periods of 6,12, and 24
hours compared with formalin 4%, 10%, and NBF. The

diffusion coefficient (K) of the EZAT solution increased
significantly (p < 0.05) after 12 hours of preservation
to reach 4.965, and the fixation rate reached to 87.5%
compared with formalin 4%, 10%, and NBF whose
diffusion coefficient was 2.084, 2.805 and 4.018
respectively. The complete penetration was noticed
after 24 hours of preservation in EZAT solution; While
the samples in formalin 4 % and 10% required 48 hours
for complete penetration. No significant differences
were observed in the penetration distances and ratios
with NBF at 6, 12, and 24 hours of fixation (Figs. 1
and 3).

During the fixation process, the samples showed
dimensional shrinkage. Formalin 4% demonstrated
less shrinkage compared with other types of fixatives
reached 7.2% in liver, 6.2% in brain, 9.7% in kidney, and
7.4% in small intestine. EZAT solution ranked second
in terms of minimal shrinking effect with values of
(12.6%,11.8%,15.2%, and 14%) in the studied organs,
respectively. Moreover, the EZAT preservative showed
significantly (p < 0.05) low contraction in the kidney,
brain, and small intestine samples compared with the
formalin 10% (14.6%,15.2%,18.4%, and 17.3%) and
NBF (13.4%,12.6%,15.6%, and 16.4). The brain tissue
experienced more shrinkage during 48 hours of fixation
compared with liver and kidney samples, and the
shrinkage was less with the EZAT solution compared
to formalin 10% and NBF fixatives (Figs. 2 and 3).

Fig. 1. Penetration distance through liver sample edges (discolored edges), the figure illustrating the sample
before fixation (A), and after 6 hours of fixation with EZAT solution (B).
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Fig. 2. Dimensional shrinkage (length and width) in the liver, kidney, brain and small intestine samples, pre-fixed samples set (A),
and samples fixed with formalin 10%, NBF and EZAT solution (B). Scale bar =2 c¢m, Scale bar (small intestine) = 1 mm.
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Fig. 3. Penetration distance, penetration ratio, and diffusion coefficient in formalin 4%, 10%, NBF, and EZAT fixatives over 6, 12,
24, and 48 hours of fixation. The figure also shows the shrinkage ratio in the liver, kidney, brain, and small intestine, after 48 hours
of fixation. Different letters (a, b, ¢) indicate significant differences among fixative types, at a significant level of p < 0.05.

Microscopic evaluation
The microscopic evaluation of the liver, kidney, brain,
and small intestine sections was analyzed to assess
the adequacy of fixatives, the parameters of staining
affinity, cellular outline, cytoplasmic attributes, nuclear

attributes, and overall structural evaluation were

targeted.

EZAT solution showed a significantly higher staining
affinity with hematoxylin and eosin particularly in the
kidney and brain slides. The grade was (very good)
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compared with (fair) to (good) grades in the formalin-
based solutions. There were no significant differences
noticed in the slides of the liver and small intestine, and
staining grades were closely equivalent.

EZAT solution also was the best for cellular outline
demonstration, cellular architecture and tissue details
were clearer in the liver, kidney, brain (cerebral cortex),
and small intestine sections compared with formalin-
based slides. Grades ranged from very good (4 + 0.21)
in kidney to good (3.71 £ 0.47), (3.71 + 0.47), and
(3.43 + 0.57) in liver, brain, and small intestine with
EZAT slides, and was the worst with formalin 10%
which ranged from fair (2.57 + 0.36), (2.28 + 0.52),
and (2.28 £ 0.35) in liver, brain, and small intestine to
poor (1.71 + 0.28) in kidney.

According to evaluators, the cytoplasmic attributes
were also enhanced in the EZAT solution, and the grade
ranged from very good (4.14 £+ 0.69), (4.14 £ 0.26) in
kidney and brain sections to good (3.71 = 0.47), (3.57
+ 0.36) in liver, and small intestine slides. Statistical
differences were noted between EZAT and formalin-
based fixatives in kidney and brain slides, while
there were no differences observed in liver and small
intestine slides. Furthermore, the nuclear attributes

were superior with EZAT solution compared with
formalin-based fixatives, and grades were significantly
different in the kidney, brain, and small intestine,
varying from very good (4 + 0.43) in the kidney to
good (3.85 + 0.50), (3.42 + 0.57), and (3.28 = 0.42) in
the brain, small intestine, and liver.

The overall structural evaluation revealed excellent
microscopic appearance with EZAT slides across
all types of tissues, characterized by less tissue
disintegration, fine cellular details, sufficient nuclear
staining, and improved morphological presentation,
grades for this parameter were between 4.28 and 4.14
in the kidney and brain slides, which is significantly
better than formalin 10 % and NBF (Figs. 4-7; Tablel).
These results suggest that EZAT provides better tissue
preservation and staining quality compared with
traditional common fixatives.

Discussion

Formalin is well-known for its carcinogenic properties,
inadequate nucleic acid preservation, and prolonged
fixation time. The current study aimed to develop a
novel fixative that is formalin-free provides optimal
cellular and tissue preservation, exhibits rapid fixation,

e
RCTE \ T 1

Fig. 4. Microphotographs of Hematoxylin and eosin-stained liver sections preserved in different fixatives included, formalin 10%
(A), NBF (B), formalin 4% (C), and EZAT solution (D) at 400x magnification.
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Fig. 5. Microphotographs of Hematoxylin and eosin-stained kidney sections preserved in different fixatives included, formalin 10%
(A), NBF (B), formalin 4% (C), and EZAT solution (D) at 400x magnification.

and enhances the histological details with routine
stains.

The EZAT solution showed a higher penetration rate,
deeper penetration within a specific time frame, and
accelerated diffusion coefficient, compared to the
formalin fixatives. It also had a minimal shrinking
effect compared with formalin 10% and NBF.

These powerful properties of the EZAT solution
are attributed to its chemical components such
as ethanol, acetic acid, and zinc chloride. Each
component was separately studied in different
biological tissues and demonstrated their superiority
over formalin-based fixatives. A study by (Howat
and Wilson, 2014) mentioned that acetic acid had a
higher penetration rate than formalin and noted that
acetic acid reverses the shrinking effect of formalin
fixatives. (Howat and Wilson, 2014), also reported
that ethanol-containing fixatives achieve complete
fixation within 24 hours, at a penetration distance of
1-1.5 mm/hour. Furthermore, Steicke et al. (2018)
found that alcoholic fixative penetrates tissue faster
than formalin and that fixatives containing ethanol,
methanol, and acetic acid have higher diffusion
coefficients. Lykidis et al. (2007) mentioned that

L

zinc-based fixatives such as Z7 and Z4 formulas have
a higher level of hydrophobicity, enabling faster and
more effective tissue penetration compared with
formalin.

In contrast, Hewlett (2002) found that the penetration
distance of formalin 10% reached 18 mm in 25 hours
of fixation at an average of 0.9 mm/hour, which is
lower than EZAT penetration activity in our study.
Furthermore, Hewlett (2002) explained that formalin
loses its ability to form methylene glycol after 12-hour
lead to an interrupted fixation process and inadequate
cross-linking which in turn reduces its diffusion
through the tissue.

The EZAT solution as mentioned earlier comprises
45% water with 12% glacial acetic acid. These
chemical components reverse the =zinc chloride
shrinking effect and decrease the tissue contraction, a
similar observation reported by Hewlett (2002), Howat
and Wilson (2014), and Steicke et al. (2018).

The microscopic evaluation of (H &E) stained sections
revealed better staining affinity with the EZAT solution
compared to the formalin fixatives. Wester et al. (2003)
observations in skin biopsies showed intense staining
quality with zinc-based fixatives compared with NBF.
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Fig. 6. Microphotographs of Hematoxylin and eosin-stained brain sections preserved in different fixatives included, formalin 10%
(A), NBF (B), formalin 4% (C), and EZAT solution (D) at 400x magnification.

Fig. 7. Microphotographs of Hematoxylin and eosin-stained small intestine sections preserved in different fixatives included,
formalin 10% (A), NBF (B), formalin 4% (C), and EZAT solution (D) at 400x magnification.

Gonzalez et al. (2001) also demonstrated advantageous EZAT fixative enhanced morphological and histological
immunohistochemical staining with zinc-containing details compared with formalin-based fixatives in this
fixative. Moreover, Haque et al. (2020) referred to the study, these findings are consistent with the findings of
superior staining affinity of ethanol-containing fixative Wester et al. (2003), which attributed that improvement
in (HandE) stained sections. to the efficient preservation of the cellular protein and
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Table 1. Microscopic evaluation grades for EZAT solution and formalin-based fixatives.

Microscopic Liver Kidney Brain Intestine
evaluation Fixatives
parameters M + SEM M + SEM M + SEM M + SEM
Staining affinity Formal. 4% 2.42 +£0.29* 2.75+0.48" 3.28 £0.52¢ 2.42 +0.36°
Formal. 10% 2.57 +£0.42¢ 2.85 £ 0.34® 2.42 £0.36® 3.23+£0.52*
NBF 3.28 £0.60° 3.14 £ 0.59* 3.42£0.57® 2.85+0.59¢
EZAT 3.42+0.29* 428 +£0.35° 4.14 £ 0.40° 3+£0.53°
Cellular outline Formal. 4% 2.42+0.31° 3 +0.48® 2.42+0.36° 3+£0.432
Formal. 10% 2.57 £ 0.36° 1.71 £ 0.28° 2.28 +£0.35° 2.28 +£0.522
NBF 2+0.37° 2+0.37% 2.42 +0.42° 2.57 £ 0.422
EZAT 3.71 £0.47° 4+0.21° 3.71 £ 0.47° 3.43 £0.57*
Cytoplasmic attributes ~ Formal. 4% 2.57+0.20° 3.42 +£0.93% 2.42+0.29* 3+£0.37*
Formal. 10% 2,71 £0.47° 2.28 £0.35¢ 2.14+0.26° 2.85+0.50°
NBF 3.14 +0.55° 2.28+£0.28 2.71 £ 0.42¢ 2.57 +£0.42¢
EZAT 3.71 £0.28* 4.14 £0.69° 4.14 £0.26° 3.57+£0.36*
Nuclear attributes Formal. 4% 2.71 £ 0.42° 3.71+0.31* 2.71 £0.21° 3.15+0.55*
Formal. 10% 3.42£0.57* 2.28 £0.28° 2.28 £0.35* 3.14 £ 0.34°
NBF 2.71 £0.52° 2.28 +0.28° 2.14+0.26° 2.85+0.50°
EZAT 3.28 £0.42° 4+£0.43° 3.85 +0.50° 3.42+0.57*
Overall tissue structure Formal. 4% 2.71 £0.35° 3.42+0.48 3.28 +0.36* 3.14 £ 0.40°
Formal. 10% 3.27 £ 0.64* 2.28+0.27° 2.71 +£0.35° 3+£0.61°
NBF 2.28 £0.52* 1.85 +0.34° 2.57 +0.42° 2.57 £0.42¢
EZAT 3.28 £ 0.47° 4.28 £0.29° 4.14 £0.55° 3.71 £0.24*

M + SEM: Mean + Standard error of the mean. 1 = (poor), 2 = (fair), 3 = (good), 4 = (very good), and 5 = (excellent). Different letters (*"°)

among fixative groups indicates significant differences.

nucleic acid. Beckstead (1994) also recommended
using zinc-containing fixatives to provide superior
morphological preservation for routine and immuno-
stained tissue sections.

The chemical composition of the EZAT solution
enhanced cytoplasmic and nuclear properties, which
properties included: nuclear membrane integrity,
nuclear homogeneity, and better DNA, and RNA
presentation. While cytoplasmic properties included:
structural integrity, permeability, enzymatic activity,
and ionic balance (Howat and Wilson, 2014; Steicke
etal.,2018).

(Hewlett, 2002; Wester et al., 2003; Lykidis et al.,
2007; Howat and Wilson, 2014; Steicke et al., 2018),
suggested that zinc fixative can be an alternative for
DNA and nuclear protein expression and has superior
staining quality over NBF and formalin 10% fixatives.
Jensen et al. (2010) also recommended zinc salt
fixatives for cellular integrity, and intercellular and
cellular protein preservation, the study suggested using
the mentioned fixatives in immunostaining and surface
epitopes expression. According to Webb (2020), zinc-
containing fixative corrected many formalin—related
histological artifacts like autolysis, fixation pigments,

decalcification, over and under-fixation, difficult
sectioning, streaming, and fade staining artifacts.

The overall structural evaluation revealed excellent
microscopic appearance with EZAT slides, these
observations corresponded with Wester et al. (2003),
Bonds et al, (2005), Lykidis et al. (2007), Jensen et al.
(2010), and Mori et al. (2015) findings in different zinc-
containing formulas compared with NBF, formalin 4%
and 10 % fixatives.

Conclusion

The zinc-based fixative is recommended as a safer
and less hazardous alternative to formalin, which is
commonly known for its carcinogenic properties and
associated health risks. The current study introduces a
novel, easily prepared chemical formula that addresses
challenges like prolonged fixation time and higher
shrinkage rate, and enhancing routine histological
staining. EZAT fixative provides superior histological
preservation, low shrinkage ratio, better staining
affinity, and microscopic details with enhanced nuclear
and cytoplasmic attributes. EZAT fixative should be
considered as an everyday preservative in histology
and histopathology laboratories. Future studies should
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pay attention to the evaluation of EZAT to assess its
preservative quality for carbohydrates, minerals, and
lipids through histochemical stains and IHC practices.
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