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Introduction Fixation is the critical step in the preservation of tissues in diagnostic
pathology. The formalin is an economical and excellent fixative with the inherent prop-
erty of adequate fixation. The well-established side effects of formalin include mucosal
irritation, upper respiratory diseases, and corrosive injury to the gastrointestinal tract.
In addition, substantial evidence exists regarding the potential role of formaldehyde
as a human carcinogen. The carcinogenic and toxic effects of formalin encourage
searching for alternative fixatives for tissue fixation. However, “the formalin dogma”
has severely hampered the search for alternative fixatives for many years.

Material and Methods Ninety tissues of liver and skeletal muscle obtained during
autopsies were immersed in adequate amounts of the following fixatives: formalin
(10%), methyl alcohol (70%), and acetone (100%). The comparison among the three
was made based on time for fixation, preservation of tissue architecture, cell borders,
cytoplasm, nuclear contours, chromatin texture, and uniformity of staining.

Results The tissue preserved in formalin undergoes rapid fixation compared with
alcohol and acetone. The tissue architecture, cell border characteristics of alcohol and
acetone was found satisfactory compared with formalin. The cytoplasm and nuclear
contour were superior with the formalin. The chromatin texture and uniformity of
staining were similar with all the three fixatives.

Conclusion The formalin is considered superior to most of the parameters, whereas
both methyl alcohol and acetone showed nearly equivalent scores. Hence, owing to
the potential human health hazards and carcinogenicity of formalin, no rational rea-
sons hamper the complete substitution of formalin with alternative fixatives such as
alcohol and acetone in diagnostic pathology and medical research.

many years. There is a consensus among the pathologists and
researchers that formalin is the cheap and best fixative; hence,

In diagnostic pathology, fixation is the critical step in the
preparation of histological tissues by which biological tis-
sues are preserved. Neutral-buffered formalin (NBF) (10%)
is used for tissue fixation in the majority of laboratories for
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there is no need for an alternative to formalin, generating the
“the formalin dogma.” This approach has severely hampered
the search for alternative fixatives.! The well-established
side effects of formalin include irritation of eye, nose, throat,
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and skin, upper respiratory disease, cough, chest pain, and
wheezing. It also causes corrosive injury to the gastrointes-
tinal tract. It can also produce systemic complications like
metabolic acidosis, circulatory shock, and acute renal fail-
ure.>* The chromosomal alterations were detected in labo-
ratory health workers who are exposed to formalin.*> The
International Agency for Research on Cancer (IARC) recently
reclassified formaldehyde as a human carcinogen that causes
nasopharyngeal cancer and leukemia.” Hence, the fixative,
which is an alternative to formalin and offers more protec-
tion for health workers, is needed in the present scenario.

Methyl alcohol is one of the fixatives, which denatures
proteins by replacing water in the environment disrupt-
ing hydrophobic and hydrogen bonding. Thus, it alters the
tertiary structure and solubility of proteins in water. It is
commonly used as a fixative for peripheral blood films.
Acetone has a similar action as that of alcohol, and has
been used as a fixative and dehydrating agent for tissue
processing, particularly rapid hand processing of small
specimens.5’

The carcinogenic and toxic potential of formalin is a poten-
tial drive to reconsider the formalin dogma and to evaluate
the use of alternative fixatives such as alcohol and acetone,
which may offer better technical performance and greater
protection for health workers.'® This study was undertaken
to assess the efficacy of formalin versus nonformalin fixa-
tives like alcohol and acetone in routine histopathology.

Materials and Methods

This is a cross-sectional study conducted at the department
of pathology of a tertiary hospital of South India. We have
compared the two nonformalin fixatives methyl alcohol and
acetone to formalin, which is the standard fixative used in
tissue fixation in the laboratories for diagnostic histopathol-
ogy across the world. After obtaining ethical clearance and
permission from the Medical Superintendent of the hospital,
90 tissues of skeletal muscle (45) and liver (45) were collected
during the autopsy procedure. These tissues are particularly
taken, as they are easy to obtain and not easily autolyzed.
The fresh tissues are sliced into 2 x 1 cm for optimal fixation
and are immersed in sufficient amount of 10% formalin, 70%
methyl alcohol, and 100% acetone. After adequate fixation,
these tissues are subjected to routine histological process-
ing and paraffin tissue blocks were prepared. The time taken
for fixation of each tissue immersed in different fixatives is
noted. If the tissue is not fixed, it will be friable and hemor-
rhagic, whereas fixed tissue will be firm. The unfixed tissue
is kept for adequate fixation, later they are processed, and
paraffin blocks are prepared as per the standard histological
processing. The fixed tissues are then analyzed and compared
on gross morphology and histopathological characteristics
based on hematoxylin and eosin (H&E) staining (~Fig. 1).

In the H&E slides, the comparison was made based on
the subjective evaluation of seven morphological features:
time for fixation, tissue architecture, cell borders, cyto-
plasm, nuclear contours, chromatin texture, and uniformity
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Fig. 1 Flowchart showing methodology followed in the study.

of staining by an expert pathologist. The results of the qual-
ity of fixation of each case were graded (1 - below average;
2 - average; and 3 - above average). Results were compared.
The data about the quality of fixation of the tissues were
summarized by using percentages. Fischer’s exact test or
chi-square test or one-way analysis of variance was used to
calculate the p-value. A p-value of < 0.05 was considered as
statistically significant.

Results

This was a cross-sectional study conducted at the depart-
ment of pathology of a tertiary hospital of South India. The
procedures followed were in accord with the ethical guide-
lines established by the institution. Forty-five specimens
each of liver and skeletal muscle tissue were procured during
autopsies and were fixed using formalin (30), methyl alcohol
(30), and acetone (30). The comparison between anatomi-
cal tissues fixed with formalin, methyl alcohol, and acetone
showed statistically significant variation concerning tissue
architecture, cell borders, cytoplasm, and nuclear contour of
the tissue (p-value < 0.05). Histopathological images of for-
malin, alcohol, and acetone fixed liver and skeletal muscle are
shown in ~Figs. 2-4.

The comparison of time taken for fixation showed that
there is a significant difference (p = 0.000) in average time for
fixation for formalin (24 hours), methyl alcohol (60 hours),
and acetone (97.2 hours) (=Table 1).

Comparison of tissue architecture among three fixatives
showed that there was a significant difference in grading
(p = 0.001). The tissue architecture was graded above aver-
age in all the tissues when formalin and methyl alcohol was
used as fixatives. Whereas when the tissues were fixed with
acetone tissue architecture was graded above average for 60%
and average for 40% (=Table 2).

There was a significant difference in cell borders of tissues
fixed by the three fixatives (p = 0.009). The cell borders were
above average in all the tissues of formalin and methyl alco-
hol fixation but were above average in 80% with acetone.

The comparison of cytoplasmic features among tissues
showed that there was a significant difference in grading
among the three fixatives (p = 0.001). The cytoplasm features
were above average in all the tissues with formalin. In the
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Fig. 2 (A-D) Histopathology showing formalin fixed liver and muscle
tissue (hematoxylin and eosin [H&E], x100).

methyl alcohol and acetone fixed tissues, cytoplasmic fea-
tures were graded above average and average, respectively
(50% each). There was a significant difference in nuclear
contour when fixed with different fixatives (p = 0.001). The
nuclear contour with formalin was above average in 40%
tissue and in the remaining 60% tissue it was graded aver-
age as well as below average (30% each). When tissues were
fixed with methyl alcohol, the nuclear contour was average
in 60% and below average in 40% tissues. Nuclear contour
was graded above average and average, 35% each, when fixed
with acetone, whereas the remaining 30% tissue was below
average (=Table 2).
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Fig. 4 (A-D) Histopathology showing acetone fixed liver and muscle
tissue (hematoxylin and eosin [H&E], x100).

Table 1 Time for fixation
Fixative Mean time of p-Value
fixation (h) (one-way ANOVA
test)
Formalin 24
\ Methyl alcohol 60 0.000
‘ e Acetone 97.2
Fig. 3 (A-D) Histopathology showing alcohol fixed liver and muscle
tissue (hematoxylin and eosin [H&E], x100). Abbreviation: ANOVA, analysis of variance.
Table 2 Tissue architecture and nuclear contour
Grading Formalin (%) Methyl alcohol (%) Acetone (%) p-Value
Tissue architecture | Above average | 100 100 60 <0.001
Average 0 0 40
Below average | 0 0 0
Nuclear contour Above average | 40 0 35 <0.001
Average 30 60 35
Below average | 30 40 30
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The chromatin texture of tissue fixed with formalin
and methyl alcohol was graded above average and average,
respectively (50% each). Whereas when tissues were fixed
with acetone, 65% was above average and 35% average. The
uniformity of staining was above average and average with
formalin and methyl alcohol, respectively (50% each). With
acetone, uniformity of staining was above average for 70% of
tissues and average for 30% tissues. The chromatin texture
and uniformity of staining of the tissues fixed by formalin,
methyl alcohol, and acetone were not statistically significant.

Discussion

An optimal fixative should be nontoxic, cost-effective, and
enable a detailed morphological analysis with high-quality
histochemical and immunohistochemical staining with pres-
ervation of deoxyribonucleic acid (DNA) and ribonucleic acid
(RNA). Since the fixative with such features does not exist, it
is essential to explore the existing as well as new fixatives.>’

In diagnostic pathology, NBF was considered as the “gold
standard” over the years. It is cheap, enables long-term
storage, preserves morphological features, and allows reli-
able histochemical analysis. However, formaldehyde was
classified as a carcinogen by the IARC, and therefore there
is an impending risk to individuals who handles the for-
malin solution.>” Many studies have reported that the less
toxic alcohol-based cross-linking fixatives (F-Solv) and
noncross-linking fixatives (Boonfix and RCL2) are compa-
rable to NBF. They were found to be suitable for fixation of
tissue although better results were observed with NBF. The
lower performance of Boonfix and RCL2 was attributed to
pepsin AR, which caused significant tissue damage. The
omission of pepsin AR resulted in better immunostaining.®
The differences compared with formalin fixation was evident
in alcohol-based fixatives, mainly restricted to higher stain
affinity and considerable tissue shrinkage. The alcohol-based
fixatives are known to have higher stain affinity and caused
considerable tissue shrinkage when compared with formalin
fixation. However, nuclear detail and RNA extraction are bet-
ter visualized with alcohol-based fixatives.>!° The reported
advantages of noncross-linking alcohol-based fixatives
include faster fixation, elimination of carcinogenic vapors,
better preservation of glycogen, DNA, and RNA. In contrast,
the variability of tissue staining, tissue shrinkage and hard-
ening, partial or complete lysis of erythrocytes, and increased
flammability is the disadvantages that hinder alcohol fixative
usage.!®!" Another alternative fixatives used along with the
alcohol is acetic acid (such as in RCL2). Acetic acid comple-
ments the action of ingredients such as alcohol, makes colla-
gen fibers swell, precipitates nucleoprotein, and has a solvent
action on cytoplasmic granules.!!?

Compared with previous studies, the present study
showed that formalin is a superior fixative under all param-
eters followed by alcohol and then acetone. However, both
acetone and alcohol showed acceptable preservation of
tissue morphology. The tissue architecture and cell bor-
ders in both formalin- and alcohol-preserved tissue was
well maintained compared with acetone. Formalin was the

preferred choice to alcohol and acetone about cytoplasmic
tissue characters and nuclear contour. This difference is
due to the mechanism of action of each fixative. There are
two broad categories of fixatives: coagulant fixatives and
noncoagulant fixatives (cross-linking). Alcohol and ace-
tone (coagulative fixatives) are thought to form a porous
meshwork of protein strands. They act as dehydrants and
denatures as well as precipitates protein. Although a sig-
nificant component of cell membranes, cytoskeletons are
formed by lipoproteins and fibrous proteins, and coag-
ulation of proteins protect the tissue architecture from
degrading.®® The formalin (cross-linking fixative) joins
proteins with other proteins as well as nucleic acids by
cross-linking and cross-links nucleic acids with each other.
This stabilizes the tissue architecture for histological eval-
uation.' The chromatin texture and uniformity of staining
with all three fixatives appeared similar. The mean time of
fixation was highest for acetone, followed by alcohol and
then formalin. The anatomical tissue preserved in formalin
undergoes rapid fixation compared with alcohol and ace-
tone. These newer fixatives are less toxic than formalin, but
the majority of them are inflammable, and they do contain
components that are potentially toxic for humans.>'" The
fixation, the embedding procedure, the infrastructure and
logistics needed for fixation, storage, and the associated
costs can be different depending on the composition of
the fixatives. Formalin is cost-effective, readily available
when compared with other fixatives like alcohol and ace-
tone. Hence, it is widely used. Therefore, as an alternative
or to second formalin fixation methyl alcohol gives nearly
equivalent scores to formalin and can be used as an alter-
native fixative followed by acetone.’'? Further studies are
required with a larger sample size with added criteria to
further authenticate the observation and conclusion of
the present research for clinical use. In addition, there is a
necessity for similar studies to look for the effect of these
fixatives on immunohistochemistry.
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