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Highlights

- Stainability of myoglobin staining was examined with various fixing conditions.
- ELISA verified myoglobin diffusion form muscle into formalin during fixation.
- Fixing condition of formalin suitable for myoglobin staining was revealed.
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1. Introduction

Immunostaining is a method for visualizing a specific protein on a thin section of sample. It
is useful for elucidating protein localization in the examined tissue, with many authors having
reported its applicability to forensic autopsy diagnosis [1-19]. Stainability of the target protein
depends on the preservation of its immunogenicity in tissue, which is typically performed by use of
10% neutral-buffered formalin. Existing studies have reported the investigation of appropriate
conditions of fixation for immunostaining using this reagent. It was reported that the type of fixation
solution, fixation time, and pH affected immunohistochemical stainability [20], while it was said that
there was no optimal common fixatives for all antigens [21]. Some authors observed that staining
intensity began to reduce after different duration of fixation among antigens [22, 23]. These
researchers suggest that the appropriate condition of fixation for immunostaining differs between
targeted antigens [20-23].

It was noted that different stainability is observed in the case of short fixation of tissue in
formalin, because the remaining unfixed part is fixed in ethanol during the embedding process [22,
24]. On the other hand, it is known that prolonged fixation in this reagent reduces stainability,
because of masking epitope resulting from a change in tertiary structure [24]. According to such
previous reports [22, 24], immunostaining using tissue fixed in inappropriate conditions may result in
unreliable forensic diagnosis. For example, negative staining due to masking epitope could be
misidentified as loss of protein.

Myoglobin (Mb) has been well known as the target protein in forensic diagnosis for
myocardial ischemia/infarction using immunostaining [1, 2, 4-6, 8, 9, 12]. In the beginning of 1980s,
Ishiyama et al. [1] reported that myocardial ischemia could be diagnosed using Mb immunostainig,
applying the experimental results using dogs [25]. Though they emphasized its applicability to the
sample fixed for such extended period of time as 3 years, no description about the concentration of
the used formalin could be found. In many reports as well as mentioned one, the usefulness of Mb
staining for the diagnosis of myocardial ischemia/infarction was referred to without describing fixing
duration and formalin concentration [2, 4-6, 8, 9], while such conditions were to affect stainability
[20, 22-24]. In the reports on the usefulness of Mb staining for skeletal muscle injury, fixing condition
was not also described [3, 7, 10]. Concerning the amount of fixative as fixing condition, it was not
described in most previous reports [1-10]. In addition to fixing condition, we want to emphasize to
analyze the deletion of Mb from striated muscle due to its exudation into fixative during fixation as a
novel viewpoint for the evaluating stainability of this protein. Myoglobin has been known as a very water-
soluble protein.

In the present study, we experimentally fixed striated muscle using three different amounts
of 10% neutral-buffered formalin for various durations and investigated their effects on stainability of
Mb. We also examined the possible exudation of Mb from striated muscle into this fixative during
fixation biochemically. Stainability of Mb in autopsy cases was additionally interpreted considering
the results of above-mentioned approaches.



2. Materials and Methods
2.1 Striated muscle

Sheep (lamb) heart was sliced with thickness of 1 cm, then 21 pieces of myocardial tissue
containing both endocardium and epicardium of approximately 1 g were excised from the left
ventricle of the obtained slices. Total 105 pieces of myocardial tissue were prepared using 5 hearts
and all pieces were weighed before supplying them experiment.

Skeletal muscle was obtained from human resources, in which 5 specimens without
injury/disease (2 of iliopsoas and 3 of quadriceps) were collected from autopsy cases within 4 days
after death, 4 males and 1 female, from 24 to 89 years old (average 57 years).

For the investigation of the actual situation of stainability of autopsy material, iliopsoas
muscle was collected from 10 cases within 4 months of postmortem interval. The cases included 5
males and 5 females, of ages between 19 to 97 years old (average 56 years). Samples were
embedded in paraffin after 5 to 10 days fixation in 10% neutral-buffered formalin (pH 7.0). Paraffin-
embedded myocardium samples of the left ventricle of which duration of fixation was known (1
week, 1 month and 4 years) were also collected from 3 cases with one missing of 4 year-fixation. All
samples were from males aged 48, 82 or 19 years old, collected within 3 days of postmortem
interval. No injury and disease of skeletal and heart muscle was documented in autopsy records.

2.2. Reagents

In immunostaining, mouse anti-human Mb monoclonal antibody (MG-1, Sigma-Aldrich,
U.S.A.) was selected as the primary antibody. Its cross-reactivity sheep Mb was confirmed by Basic
Local Alignment Search Tool [26]. ImMmPRESS REAGENT anti-Mouse IgG (Vector Laboratories,
Inc., Burlingame, CA) was used for the horse radish peroxidase (HRP) conjugated secondary
antibody. Color development was obtained using diaminobenzidine (DAB, Nacalai Tesque, Inc.,
Japan). Counterstaining was performed using Mayer's hematoxylin. Enzyme immunoassay was
conducted using anti-human Mb (MG-1) as primary antibody, EnVision+ HRP, anti-mouse (Agilent
Technologies, Inc. Santa Clara, CA, (Dako)) as secondary antibody and 2,2'-azino-di [3-ethyl-
benzthiazoline sulfonate (6) (ABTS, LGC Clinical Diagnostics, Inc, UK, (SeraCare)) as enzyme
substrate.

2.3. Criteria for staining intensity and definition of the stainability of examined muscle tissue

Myoglobin-stained 105 sections made in the process described in Section 2.4. were
microscopically observed, and 10 arbitrary fields in the magnification of 400x were saved from all
sections as images in TIFF format. All images were analyzed by IHC profiler [27] plugged in Image J
(1.53u) [28]. By the analysis of an image using IHC profiler, we obtained percentage contribution of
high positive, positive, low positive and negative as degrees of stainability. We gave the coefficients
of 2, 1.5, 1 and 0 to high positive, positive, low positive and negative, respectively. Percentage



contribution of each degree was multiplied by corresponding coefficient. The summed-up value of all
multiplied ones was defined as the total positive (TP) of the field, and total 1050 TP values were
collected from 105 sections. The range between maximum and minimum of all TP values were
equally divided into 9, and 11 grades were set by adding the grades of ‘under minimum’ and ‘over
maximum’ for the determination of the staining intensity of tissue (ST), which was defined as the
grade corresponding to the mean TP value of 10 fields.

2.4. Experimental analysis of the relation between condition of fixation and myoglobin stainability of
striated muscle

Sheep myocardial tissue was fixed in room temperature using 10% neutral-buffered
formalin (pH 6.9) under 21 different conditions based on combinations of the following: three ratios
of volume of formalin (mL) to weight of myocardium (g) (RFM) of 1, 4 or 9, seven different durations
of fixation (DF) of 0.5, 3 or 6 hours, and 1, 2, 5 or 7 days. For all 21 conditions five pieces of
myocardial tissue were used. After fixation, they were rinsed with running water for 30 minutes, cut
vertically to endo-/epicardium with thickness of 0.5 cm, and embedded in paraffin putting the inner
side to the surface of thin slice. ST of each sample was determined after the immunostaining for Mb
using a 2.5 pym thick section, and the relationship between condition of fixation and stainability was
investigated.

Heat-induced antigen retrieval for Mb staining was conducted at 10 minutes in 10 mM
citrate buffer (pH 6.0) at 90°C. Reaction time was 60 minutes for the primary antibody, 30 minutes
for secondary antibody and 5 minutes for color development.

2.5 Investigation of relationship between pH of formalin and myoglobin stainability
The pH of formalin used in the experiment mentioned in Section 2.4 was determined at the
end of fixation. The influence of formalin pH on ST was investigated by taking the conditions of fixation

into consideration.

2.6. Detection of myoglobin diffused into formalin from skeletal muscle during fixation by ELISA

Five samples of skeletal muscle collected from autopsy were cut into smaller sections of
approximately 1 g and fixed in formalin at the RFM of 9 for 0.5 or 3 hours and 1, 2, 5, or 7 days. After
fixation, a piece of nitrocellulose membrane of 0.2 cm? (pore size 0.22 micrometers, Bio-Rad
Laboratories, Inc. Hercules, CA.) was immersed overnight in 40 uL of the formalin used for fixation at
refrigerated temperature for trapping Mb diffused into formalin. After rinsing off the formalin, the
membrane was reacted with 40 uL primary antibody solution adjusted in concentration of 7 ug/ml for
60 minutes, then with 40 pL of secondary antibody solution for 30 minutes, and 150 yL of ABTS
solution for 15 minutes in this order. After stopping chemical reaction by adding 100 pL of SDS, Mb
diffused into formalin was detected by measuring the absorbance of 200 L reacted solution using
microtiter plate with a wavelength of 405 nm. Detection of Mb was performed 3 times for each sample.



2.7. Evaluation of stainability of myoglobin of striated muscle in routine autopsy examination

The pH of the formalin fixing iliopsoas muscle was measured at the end of fixation. Sections
with thickness of 2.5 ym were prepared from all samples of iliopsoas muscle as well as from the
sample of myocardium in three cases. These sections were subjected to Mb staining with the same
condition as described in 2.4. and their ST values were obtained. Actual situation of Mb stainability in
routine examination of autopsy cases was evaluated using ST values in comparison with experimental
study.

Ethical approval
This study was approved by the institutional ethics committee at the authors’ University
(approval number 2202-041).

3. Results
3.1 Determination of staining intensity based on myoglobin staining results of sheep myocardial
tissue and comparative study by fixation conditions.

As in the section 2.4 of Materials and Methods, TP in all 1050 fields ranged from a
maximum of 105 to a minimum of 19, based on ST classification from 0 to 10. The results of ST for
all 105 sheep myocardial tissues are shown in Fig. 1.

In sheep myocardial tissue, Mb ST initially increased in all RFMs, with RFM1 showing an
ST of 4.8 £ 0.75 at DF 0.5 hours, which peaked at 6.0 = 0 at DF 6 hours. RFMs 4 and 9 exhibited
peak ST at DF 3 hours, with ST increasing from 4.6 £ 1.0t0 6.4 + 0.49 and from 4.8 £ 0.75t0 5.8 £
0.40, respectively. Subsequently, ST decreased over time in all RFMs, reaching its minimum at DF 7
days, with values of 3.2 £ 0.75 for RFM1 and 2.4 + 1.0 and 2.6 + 0.80 for RFMs 4 and 9,
respectively. The highest ST among all staining conditions occurred in RFM4 at DF 3 hours.
Furthermore, from DF 1 day onwards, ST was consistently highest in RFM1.

Statistical analytics on ST between the DF with the highest ST in each RFM and other DFs
was conducted by Mann-Whitney test. It was found that in RFM1, ST significantly decreased at DF
0.5 hours, 1, 2, 5, and 7 days compared to DF 6 hours (p < 0.05). In RFM4 and RFM9, the highest
ST was observed at DF 3 hours. Conversely, in RFM4, ST significantly decreased at DF 0.5 hours,
2, 5, and 7 days, and in RFM9, ST values at DF longer than 1 day were significantly low compared
with the highest ST value at DF 6 hours (p < 0.05). In other words, in all RFMs, ST significantly
decreased from the time point of maximum ST to DF 2 days onwards.

The pH of formalin fixed in sheep myocardial tissue was pH 6.9 before tissue fixation, but in
RFM1 it became 6.6 at DF 0.5 hours, and rapidly decreased until DF 1 day. Ultimately, at DF 7
days, the pH decreased to 5.5. A similar trend of pH decrease was observed in RFM4 and 9, with
rapid decline until DF 1 day, albeit to a lesser extent compared to RFM1. At DF 7 days, the pH
remained at 6.3 and 6.7 for RFM4 and 9, respectively, when compared to RFM1 (Fig. 2).



3.2 Detection of myoglobin from formalin-fixed skeletal muscle via ELISA

The results of the ELISA performed in the section 2.6 of Materials and Methods using
formalin for skeletal muscles from five locations are shown in Fig. 3. At DF 0.5 hours, high
absorbance values around 2 were obtained for all muscles, confirming exudation of Mb into
formalin. Subsequently, at DF 3 hours, sufficient absorbance values exceeding 1 were obtained for
all skeletal muscles. However, by DF 1 day, except for one instance, absorbance values became
very low (0.2-0.4), and by DF 2 days, absorbance values were 0.5 or below for all samples. The
absorbance remained low thereafter, with values around 0.1 for all samples by DF 7 days.

3.3 Myoglobin staining properties in formalin-fixed striated muscle for autopsy examination

The case summaries and the results of ST for each case after Mb staining of the iliopsoas
muscle tissue are presented in Table. 1. In all cases, ST ranged from 6 to 9, showing variability
among cases. The highest ST was observed in a case of acute heart failure with a postmortem
interval of about 2.5 days, while the lowest was observed in one case each of drowning and
burning, with postmortem intervals of 1-2 months and 3-3.5 days, respectively. As to the cytoplasmic
staining two types were observed: all muscle fibers were homogenously and equally stained (Even)
and both stained and non-stained fibers were mixed (Uneven) (Fig. 4). Eight of ten cases were
classified in type of Even, while type of Uneven, appeared in remaining two cases, which had ST
values of 8. Among the cases with ST value of 8, three cases were type of Even.

On the 4th day of fixation, the pH of formalin for fixing autopsy samples was 6.6 at the
maximum and 5.3 at the minimum. A graph depicting the average pH up to the 4th day of fixation,
categorized by the degree of decomposition of the cases. Regardless of the degree of
decomposition, there was a trend of pH decrease from the fixation day to the 1st day, with a more
pronounced decrease observed as the degree of decomposition increased. However, no significant
relationship was found between ST and pH or the degree of decomposition or postmortem interval
(Fig.5a, b, c).

The ST of myocardial tissue from three autopsy cases fixed in formalin for 7 days showed
excellent staining with a score of 9 in all cases. However, when fixed for one month, the ST was 7
for Case 1 and Case 2, and 5 for Case 3, indicating a decrease in ST in all cases. ST of samples
fixed for 4 years was 0 (Fig. 6).

4. Discussion

When Mb staining was performed using 1 g of sheep myocardium after changing the
amount of fixed formalin and the fixation time, the highest ST among all fixation conditions was
observed in RFM4 at DF 3 hours. Regardless of the RFM, there was a consistent trend of an initial
increase in ST followed by a subsequent decrease, with significant decreases in ST observed in all
RFMs from DF 2 days onwards compared to the maximum ST value. The reason for insufficient



staining intensity in the early stages of fixation may be attributed to the fact that formalin fixation
progresses at a rate of 1 mm per hour [29-31]. Therefore, it is presumed that inadequate cross-
linking formation occurred due to the fixation time being too short to allow for the necessary cross-
linking. Regarding the samples in the early stages of fixation, it is speculated that they were washed
with water in a state with few cross-links, causing water-soluble Mb to exudate from the tissue and
resulting in reduced staining intensity. On the other hand, even when it took DF 2 days or more, ST
decreased regardless of the amount of formalin used. This could be attributed to antigen masking
by formaldehyde. J.D. Webster et al. reported strong Mb staining up to the 7th week of fixation using
dog muscle tissue [32]. However, our study revealed that prolonged fixation is not desirable in this
case. Additionally, while we confirmed cross-reactivity in our experiments, using anti-human
antibodies on sheep tissue may have resulted in overall lower staining intensity compared to the
expected staining.

By changing the RFM, differences were observed in the fixation time at which ST reached
its maximum, with DF 6 hours being the peak time for RFM1 and DF 3 hours for RFM4 and 9. When
measuring the pH of formalin used to fix sheep myocardium, a gradual decrease in formalin pH over
time was observed in all RFMs. Particularly in RFM1, there was a rapid decrease in formalin pH
until DF 1 day, ultimately dropping to 5.5 by DF 7 days. On the other hand, in the case of RFM9,
even at DF 7 days, the pH remained at 6.7, indicating that a larger amount of formalin leads to
better pH maintenance. It is known that amino acids are detected in tissues after death [33], and
that amino acids become acidic by reacting with formaldehyde [34]. When the amount of formalin is
small, the buffering capacity may not be sufficient, leading to acidic pH of formalin. Conversely,
when there is a large amount of formalin, the buffering capacity of formalin is sufficient, and
significant decreases in formalin pH may not be observed. However, while the differences in pH due
to RFM did not have a significant impact on the magnitude of ST values, differences were observed
in the time to reach the peak ST value. In RFM1, where the pH decreased the most, the fixation
time to reach the peak ST was longer compared to RFM4 and 9. It is known that fixation conditions
can change due to pH, and under acidic conditions, the number of tissue cross-links by formalin
decreases. Therefore, it was inferred that the decrease in pH resulted in a longer time to reach the
peak staining intensity. In a study by Sato et al, it was reported that Ki-67 immunostaining had a
higher positivity rate under acidic conditions [35]. It is believed that the optimal pH for preserving
samples for immunostaining varies depending on the characteristics of the target protein. However,
in our study, no clear correlation was found between pH and staining intensity for Mb staining. It was
evident that regardless of whether the pH was maintained or decreased, staining intensity
decreased as DF increased. However, since the decrease in formalin pH is known to affect
phenomena such as formalin pigment precipitation [29], it is considered necessary to adjust the
amount of formalin according to the intended use of the tissue.

In the investigation regarding the depletion of Mb in skeletal muscle fixation with formalin,
factors other than formalin fixation conditions were considered, particularly the possibility of Mb



exudation during fixation. Water-soluble proteins in unfixed conditions have the potential to exudate
into formalin. In addition to proteins, past reports have indicated that drugs such as phenobarbital
and butalbital can be detected in organs fixed in neutral-buffered formalin [36]. There have also
been reports of mercury leaking from organs into formalin [37]. There are no similar reports
regarding Mb, but given that Mb, a water-soluble protein, has been reported to leak into the
bloodstream early after death [38, 39], it seemed plausible that leakage into the liquid phase could
occur in formalin as well. Therefore, we attempted to detect Mb using ELISA from formalin
containing muscle tissue.

In the ELISA assay, Mb was detected in the early stages of formalin fixation, confirming the
exudation of Mb from the skeletal muscle cross-section into the formalin. However, it was hardly
detected in formalin after one day of fixation. It is believed that skeletal muscle fragmented into 1
cm?, as used in this study, would be sufficiently fixed throughout the tissue after one day of fixation.
As a result, the exudation of Mb likely decreased, contributing to this outcome. Additionally, the
reason why the initially exudated Mb was no longer detected was not because the Mb in the
formalin had disappeared, but rather because the Mb in the exudated solution had bound to
formaldehyde, leading to antigenic inactivation and making it undetectable. The experimental
method used in this study suggested that Mb exudate from skeletal muscle even during formalin
fixation. This phenomenon was also considered to be one of the reasons for the decrease in
staining intensity observed in the experiments using sheep myocardium mentioned earlier, as
fixation time increased.

In our facility's medicolegal autopsies, we examined whether the experimental results
obtained from sheep myocardium, as mentioned earlier, were reflected in the Mb staining of 10
human skeletal muscle cases and 3 human cardiac muscle cases routinely preserved and stained
for Mb. The 10 skeletal muscle cases used for practical purposes varied in formalin fixation time,
ranging from 5 to 10 days, as they were utilized for routine purposes. While the precise
measurement of the amount of formalin used was not conducted, it is customary in our facility to fix
tissues with approximately the same volume of formalin as the amount of tissue to be preserved.
The Mb staining intensity of the skeletal muscles preserved under the aforementioned conditions
was evaluated using the ST values defined in the sheep myocardium experiment, resulting in a
range of 6-9, with significant variation observed among cases. The obtained staining intensity was
generally higher than that observed in the sheep myocardium experiment, which was attributed to
differences in the reactivity of the antibodies to the tissues. We investigated the correlation between
staining intensity in these 10 cases and factors such as formalin pH, degree of decomposition, and
postmortem interval. The average formalin pH on the 4th day of fixation in the 10 cases was 6.2,
indicating an acidic trend, with a significant decrease in pH observed particularly in severely
decomposed bodies. Human decomposition is known to start approximately 4 minutes after death
[33], and it is presumed that amino acids released from muscle proteins by bacteria decomposition
may affect pH. Furthermore, considering the reported growth of Mycobacterium species from lungs



fixed in formalin for 80 days [40], it is possible that changes due to decomposition may continue
even after formalin penetration, particularly leading to pH decrease in decomposed bodies.
However, in the Mb staining of muscle tissue samples used in this study, no correlation was found
between decomposition, pH decrease, and staining intensity, nor was there any correlation with
postmortem interval. In human skeletal muscles stored for 5-10 days, although the reasons remain
unclear, the results of Mb staining showed variability among cases, and the cause of this variability
was also unknown. Therefore, it seems prudent to exercise caution when using tissues stored for
more than 2 days for diagnosis.

In addition, uneven cytoplasmic staining was observed in 2 out of 10 cases (Fig. 4), where
staining was sparse and did not correlate with staining intensity. Similar phenomena have been
reported in Mb staining of human cardiac muscle tissues [13], suggesting it may be a common
occurrence in striated muscles. The cause of this phenomenon may be attributed to incomplete
formalin fixation, resulting in a mixture of formalin and ethanol fixation during the staining process,
which can affect antigenicity and staining properties [22, 24, 41]. While some reports have
mentioned that only the periphery of the tissue is fixed, resulting in stronger staining in the center or
periphery, the conditions under which this occurs remain unclear [24]. In our study, the reason for
the observed differential staining patterns was not clearly understood. The variation in staining
intensity within the cytoplasm of muscle fibers, especially in muscles where no lesions or damages
were identified and the fact that the cause of this is unknown raise significant concerns about the
reliability of the assay. If Mb depletion from the cytoplasm occurs either partially or entirely, it may
lead to misdiagnosis as indicating some form of pathology or injury. While our study was not aimed
at elucidating the underlying cause, there is a pressing need to uncover the actual mechanisms
involved. Moreover, in several instances, Mb was strongly stained in the extracellular spaces such
as the interstitium or within blood vessels rather than within the cytoplasm. This observation
supports the findings of our experimental investigation, which confirmed the exudation of Mb into
formalin and the early postmortem leakage of Mb into the bloodstream [38, 39]. When performing
Mb staining on autopsy specimens, it is essential to consider the possibility that some Mb may have
exudated out of the cytoplasm even before the tissue is embedded in paraffin.

Similarly, in three cases of human cardiac muscle where routine Mb staining was
performed and preserved during autopsy, all showed high ST values of 9 at the 7th day of fixation.
However, like the findings in human skeletal muscle, even though the ST values were high,
examination of the tissues revealed strong staining outside the cytoplasm rather than inside, leading
to elevated ST values. Additionally, sparse staining patterns were observed in some areas.
Therefore, it was considered difficult to immediately rely on the staining images obtained after 7
days of fixation for diagnosis.

In all three cases of human cardiac muscle, the staining intensity decreased after 1 month
of fixation compared to 7 days of fixation. Additionally, when additional Mb staining was performed
on samples that had been fixed in formalin for 4 years in Cases 2 and 3, all of them showed an ST



value of 0, indicating no Mb staining at all (Fig. 6). The reason for this phenomenon was presumed
to be similar to the reasons mentioned earlier, namely, changes in the antigenicity of Mb due to
over-fixation. In forensic medicine, examinations using specimens stored for a long time are often
conducted during re-evaluations. However, it is crucial to exercise caution in interpreting
immunostaining results of formalin-fixed tissues.

5. Conclusion

According to our animal experiments, it has been demonstrated that the most suitable
formalin fixation condition for Mb immunostaining is RFM4 with DF of 3 hours to 1day. Similar
staining intensity was also recognized across RFM1 to RFM9 with the same fixation duration.
Irrespective of the RFMs, staining intensity decreased with fixation durations exceeding 2 days.
Fixation time was deemed the most influential factor affecting the properties of Mb staining in
skeletal muscles. In the study using autopsy material with unknown fixation condition, there were
some of samples showing distinctly different stainability with unknown cause comparing with other
samples. Therefore, it is preferable to fix the muscle tissue in the following condition to obtain stable
stainability for forensic autopsy diagnosis: the ratio of volume of formalin to weight of muscle is 4:1
and duration of fixation for 3 hours to 1 day. Extended duration of fixation like 4 years should be
avoided for analysis.
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Table. 1. Myoglobin stainability in the iliopsoas obtained of 10 autopsy cases with each summary.

Case Age Sex Causes of death PMI Degree of Staining  Cytoplasmic ~ Formalin pH
No. (year) putrefaction® intensity  staining (Fixed 4 days)
1 97 F Heart failure 25d Zero 9 Even 6.40

2 34 M Burning 2.5-3d Zero 8 Even 6.40

3 56 M Hypothermia 2-3w Early 8 Uneven 6.60

4 19 F Interrupted aorta 1-1.5d Zero 8 Even 6.30

5 53 M Drowning 3-4w Middle 7 Even 6.10

6 58 F Drowning 3.5-4d Zero 8 Even 6.43

7 55 M Gastrointestinal 34d Zero 7 Even 6.23

hemorrhage

8 20 F Drowning 1-2m Delay 6 Even 6.13

9 90 F Burning 3-3.5d Early 6 Even 6.50

10 81 M Coronary artery disease 3-4 m Delay 8 Uneven 5.33

M: males, F: females

PMI: Postmortem interval, d: days, w: weeks, m: month

*: Degree of putrefaction was evaluated using the extent of external color change. Zero: none, Early:
some parts, Middle: about half of body, Delay: whole body.



Figure legends

Fig. 1. There was no clear difference in myoglobin stainability depending on their amount of formalin,
and the stainability increase initial and then decrease gradually. The ratios of three samples are 1:1 (a),
1:4 (b) and 1:9 (c).

Fig. 2. The pH of formalin in which the sheep hearts were fixed decreased with smaller amount of
formalin. Circle is formalin volume of 1mL. Triangle is formalin volume of 4 mL. Rhombus is formalin

volume of 9mL.

Fig.3. Myoglobin was detected from the formalin fixing muscle samples immediately after fixation by
ELISA. The absorbance rapidly reduced from 0.5 hours to 1day, low absorbance remained from 2 days

for all skeletal muscles.

Fig. 4. Myoglobin was evenly stained in muscle cells in many autopsy cases (a). However, myoglobin
sometimes exuded to interstitium from the cytoplasm and muscle cells unevenly stained

immunohistochemically, even if these skeletal muscles were intact (b).

Fig. 5. No correlations between staining intensity of myoglobin and degree of putrefaction (a),
postmortem interval (b) and pH of formalin (c) and for 10 autopsy cases of myoglobin-stained iliopsoas

were observed.

Fig. 6. Myoglobin stainability of muscles fixed in formalin for a long duration obviously decreased in
autopsy samples. The muscles fixed by a: 7 days, b: 1 month, c: 4 years. Fixed in formalin for 7 days
showed staining with a score of 9. However, when fixed for one-month, staining intensity of tissues was

7. The myocardial tissues fixed in formalin for 4 years showed staining intensity of tissues of 0.
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