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Abstract

Introduction: One of the most essential duties in forensic medicine is determining the
postmortem interval. Objectives: The study's purpose is to estimate time passed since death in
relation to oxidative stress markers, histopathological changes, and prostatic specific antigen in
the prostate. Methods: Fifty mature male albino rats were classified into 5 main groups. Rats
were used for determining postmortem changes and oxidative stress markers at five different
postmortem intervals (0, 1, 5, 10, 15 days) with prostatic specific antigen (PSA)
immunohistochemistry in the prostate. Results: Prostatic gland oxidant parameters (MDA, NO)
revealed a significant increase while its antioxidant parameters (GSH, SOD) showed a
significant decrease with increased postmortem time. The prostate gland showed normal
histology at 0 hours postmortem (PM). While, at 1 day, it revealed minimal autolysis (<5%).
Starting from 5 days, moderate autolysis (10-50%) was seen. Ten to fifteen days, moderate to
severe autolysis (>50%) appeared in most of the samples. Staining for PSA showed high
expression (++) at 0 hours PM. Moreover, a significant decrease in the amount of PSA’s stained
areas that revealed low expression (+) was detected at 1 and 5 days PM. Negative (—) or no
immunoreactivity for PSA has been detected at 10 and 15 days PM. Conclusion: Prostate-
specific antigen proved to be a useful parameter consistent with the histopathological changes
for the estimation of postmortem interval from the prostate. It is approved that the derived
oxidative stress markers equations can be helpful in detecting the postmortem interval in forensic

science.
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Introduction

ne of the most important duties in forensic

medicine is determining the postmortem interval

(PMI), or time passed since death. In the instance
of a suspected death or homicide, estimation of PMI
helps investigators in restructuring the circumstances
(Young et al., 2013). The skill to precisely know the
postmortem interval (PMI) has important implications
for criminal investigations and studies. Estimating PMI
is necessary for including and excluding accused based
on their locations at the time of death, as well as
providing a time frame within which unidentified
putrefied remains could be linked to missing people
(Chandrakanth et al., 2013).

After death, a complicated set of biochemical
and pathological processes begin, altering the structure
and content of the human body significantly. Because
many of these changes happen in sequence, assessing
the types and grades of change may help with PMI
calculation (Ferreira and Cunha, 2013).

In any tissue injury, biochemical examination of
oxidative stress markers reveals elevated lipid
peroxidation markers. Malondialdehyde (MDA) is the
most measured biomarker of lipid peroxidation Tissue
injury shifts the natural equilibrium between
antioxidant stress indicators and reactive oxygen

species (ROS) in live cells in favor of ROS. The level
of ROS continues to increase depending on the time
after death (Welson et al., 2021).

Other contemporary approaches of PMI
measurement include histological and
immunohistochemical examinations of degenerative
alterations in interior organs which are important
because they can aid in the estimation of the PMI
(Dettmeyer, 2011). A mix of conventional,
biochemical, or histopathological approaches is
required for accurate PMI estimation (Clarkson and
Thompson, 2000).

The prostate is one of the greatest renitent organs
to decomposition and post-mortem (PM) alterations, as
it can be seen in a largely skeletalized cadaver for up to a
year after death. As a result, the prostate is a suitable
candidate for histopathological examination to determine
PMI (Saukko and Knight, 2016).

We focused on the prostatic-specific antigen in
this investigation (PSA). PSA is a glycoprotein with
protease activity that has 237 amino acids. PSA is
produced particularly in the ductal epithelial cells of
the prostate gland and, when secreted in sperm, has a
function in enhancing sperm motility (Tsuboi et al.,
2020). PSA has been found in numerous physiological
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fluids and tissues, despite being abundant in prostatic
tissue and sperm so it is not particular to the prostate.
PSA is discovered in female ejaculate at amounts that
are similar to those found in male sperm, in addition to,
high levels in breast milk and amniotic fluid
(Wimpissinger et al., 2007).

In the realm of forensic medicine, however, it is
well understood that the detection of PSA in sperm
collected from a sexual assault victim establishes the
existence of sperm. The cause of death did not affect
the levels of prostate-specific antigen in postmortem
serum (Tsuboi et al., 2020).

The current study aimed to evaluate time passed
since death in relation to oxidative stress markers,
histopathological examination, and prostatic specific
antigen immunohistochemical analysis in the prostate at
five different postmortem intervals (0,1, 5, 10, 15 days).

Materials and Methods
Animals

Fifty mature male albino rats weighing between
150 and 300 grams will be employed. They obtained
from the Minia University laboratory animals’ growth
center. The animals were retained in plastic cages with
suitable ventilation and sanitary conditions at normal
temperature (22°C + 5°C) under a 12:12-hour light-
dark cycle., as well as having free access to balanced
standard diet pellets and tap water. The experiment was
conducted in accordance with the guideline of the
animal use and care committee of Minia University
(Approval No. 101-2021).
Experimental design

Animals were classified in 5 main groups; each
contained 10 rats. After being anesthetized with ether
inhalation, rats were slaughtered by cervical
dislocation. During the time between death and organ
removal, these rats were kept at ambient temperature
and humidity (22°C, 15% relative humidity). The
prostate was removed at regular intervals (0, 1, 5, 10,
15 days). For the detection of oxidative stress
indicators and histological and immunohistochemical
analysis, the prostate was separated into two pieces.
Tissue Preparation

To eliminate any red blood cells and clots, the
prostate was perfused with a phosphate-buffered saline
(PBS) solution, pH 7.4, containing 0.16 mg/ml heparin,
after the animal was dissected. Tissues were then frozen
at -80°C till a biochemical examination was performed.

One gramme of tissue was homogenised in 5-10
ml cold buffer (50 mM potassium phosphate, pH 7.5),
then centrifuged for 15 minutes at 4000 rpm under
cooling conditions. The supernatant was immediately
tested.
Biochemical analysis

Malondialdehyde (MDA) level, the index of lipid
peroxidation, was estimated following the method of
Buege and Aust (1978). A reagent of 26 mmol/l
thiobarbituric acid and 0.92 mol/l trichloroacetic acid in
0.25mol/l HCI was added to the homogenate then the
supernatant was centrifuged for 10 minutes and measured
at 535nm. Tetramethoxypropane was added as an external
standard to prepare standard concentrations of MDA and
it was repeated to prepare a standard curve. MDA was

extrapolated from the corresponding absorbance using the
regression line from the standard curve. The measurement
unit is nmol/g.

Total nitrite/nitrate (NOX), the stable oxidation
end products of nitric oxide (NO), was used as an
indicator of the nitric oxide level and was assessed by
the reduction of nitrate into nitrite using activated
cadmium granules followed by color development with
Griess reagent in an acidic medium as the method of
Sastry et al. (2002). It was estimated as nmol/g.

The method for measurement of glutathione
reduced concentration (GSH) was as that described by
Moron et al. (1979) with a slight modification.
Trichloroacetic acid (50%), was added to the
homogenate and the supernatant was obtained by
centrifuging for five minutes. GSH was measured by
reaction with DTNB (5,5'- dithiobis, 2- nitrobenzoic
acid) for five minutes and then was measured at 412
nm. It was measured in nmol/g.

The activity of Superoxide dismutase (SOD) was
measured as described by Marklund and Marklund
(1974) but with a slight modification. It depends on
inhibition of the pyrogallol autooxidation by SOD
(Marklund and Marklund, 1974). 0.2 mM pyrogallol in
air-equilibrated and 50 mM tris-cacodylic acid,
containing 1 mM diethylenetriaminepentaacetic acid
were added to the supernatant. The rate of autoxidation
was detected at 420 nm. Generally, a unit of the enzyme
was defined as the amount of the enzyme that inhibited
the reaction by about 50%. It was represented as U/g.
Histological analysis
Light microscopic examination

The tissue specimens of the prostatic gland were
fixed in neutral buffered formalin 10%. The fixed
specimens were trimmed and followed by washing and
dehydrating in ascending grades of alcohol. Four to six-
micrometer sections were cleared in xylene then
embedded in paraffin and stained by hematoxylin and
eosin according to Bancroft and Floyd (2013). By using a
Nikon Eclipse microscope (50i) (Nikon Instruments Inc,
Melville, NY, USA), histologic analysis was performed.

The severity of autolysis was based on the
number of factors present and also the magnitude of
change in the affected cells: (1)-Pyknosis,(2)-
Karyorrhexis, (3)-Karyolysis, (4)-The absence of a
nucleus due to complete dissolution or lysis, (5)-Cellular
edema/swelling, (6)-Failure to take up stain, (7)-Intra-
cytoplasmic vacuolation, (8)-Putrefaction, (9)-Altered
architecture of tissue unrelated to a pathologic process
(Carson and Hladik, 2009 and George et al., 2016).
Autolysis score

The evaluation and scoring of Samples by using
a semi-quantitative scale in comparison to the control
samples were done according to the extent of autolysis
in the examined section as following minimal autolysis
(<5%), mild autolysis (5-10%), moderate autolysis
(10-50%), and severe autolysis (>50%) (Carson and
Hladik, 2009 and George et al., 2016).
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Immunohistochemical analysis

According to the previously described method,
five-micrometer sections were mounted on coated
slides and used for immunohistochemical staining
(Suckow, Wheeler and Yan, 2009). Deparaffinized and
rehydrated sections were submersed in 0.3% hydrogen
peroxide for 20 min at room temperature to stop
endogenous peroxidase activity. To retrieve antigen,
the slides were autoclaved in a pressure cooker (21°C
for 20 min) in a target retrieval solution (Dako, Cairo,
Egypt). The pre-diluted primary PSA antibody (rabbit
polyclonal antibody; Dako) was applied to the slides
for 20 min at 35°C.

A secondary pre-diluted biotinylated
immunoglobulin (Ig) link [consisting of 0.05% horse
anti-mouse 1gG, 0.05% goat anti-mouse IgM, 0.017%
goat anti-rabbit IgG in sodium phosphate buffer (PBS)
containing 0.3% carrier protein; Dako] was applied to
the slides for about 20 minutes at 35°C. Then the slides
were incubated with streptavidin-horseradish peroxidase
for about 20 minutes at 35°C. Diaminobenzidine
tetrachloride (DAB) chromogen (0.2% DAB in PBS;
Dako) and DAB substrate (0.02% hydrogen peroxide in
PBS; Dako) were then applied for 20 min at 35°C,
followed by 4 wash solution rinses. Afterward, a copper
enhancer was applied to DAB (5% cupric sulfate in
deionized water) for about 20 minutes at traditional
room temperature. For counterstaining, hematoxylin was
applied for about 15 minutes at room temperature,
followed by 4 Tris-buffer rinses and 2 wash solution
rinses (Suckow, Wheeler and Yan, 2009).

To assess the PSA staining, both reviewers were
blinded to the outcomes. Since there was no apparent
difference in staining intensity, a three-category
scoring system was modified from previous reports.
High expression (++) indicates that more than 10% of
cells exhibited PSA staining while low expression (+)
is between 0% and 10% reactivity and negative (—)
indicates that no immunoreactivity for PSA was
detected. For negative control, different types of non-
prostatic tissue were tested. There was no staining in
positive controls when treated with non-immune sera in
place of the PSA primary antibody (Nowels et al.,
1988and Chen et al., 2008).

Statistical analysis

Descriptive statistics and an independent-
sample t-test were done for numerical data. Pearson's
correlation was also done. Simple, multiple, and
multiple stepwise linear regression analyses were used
to determine the equations that were used to estimate
the postmortem interval. The data were analyzed by
using the SPSS program (Statistical Package for Social
Sciences) software (version 28).

Results
Biochemical results

Prostatic gland oxidant parameters (MDA and
NO) revealed a statistically significant difference in all
examined postmortem intervals (0, 1, 5, 10, 15 days)
when compared all intervals with each other (Table 1,
2; Fig. 1, 2). They increased statistically with increased
postmortem time. While its antioxidant parameters
(GSH and SOD) showed a statistically significant

difference in all postmortem intervals at 0, 1, 5, 10, and
15 days when compared together (Table 3, 4; Fig. 3,4).
They decreased with increased time after death.

The correlation between the postmortem
interval and prostatic oxidative stress markers is
illustrated in table 5. There was a statistically
significant strong positive correlation between the
postmortem time and all investigated oxidant
parameters (MDA and NO) in prostate tissues (Fig.
5,6). While there was a statistically significant strong
negative correlation between the postmortem time and
all investigated antioxidant parameters in prostate
tissues (GSH and SOD) (Fig. 7,8).

For estimation of the time passed since death in
the prostate of rats using the analyzed oxidative stress
markers, the equations were determined by simple
linear regression analysis using these parameters
individually (Table 6). There was a statistically
significant correlation between the time passed since
death and all analyzed oxidants (MDA and NO) and
antioxidants parameters (GSH and SOD). When the
parameters were combined in the multiple linear
regression analysis (Table 7), there was a statistically
significant correlation only with MDA and time after
death which was then used to develop an equation for
estimation of time passed since death by the multiple
stepwise linear regression analysis (Table 8).
Histopathological results

The prostatic gland of the rat group at the time
of death (zero hours) showed normal histological
structure (Fig. 9a). Rat’s prostate gland consisted of
acini and stroma (Fig. 9a). The prostatic acinar portions
lined by two layers of cells, an outer layer of low
cuboidal epithelium and an inner one of mucin-
secreting tall columnar epithelium with inward
papillary projections (Fig. 9b). The acini were
surrounded by fibromuscular stroma (Fig. 9b). No
significant cellular and architectural histological
changes were observed and stain uptake was optimal.
Normal prostatic tissue was strongly stained with
antiserum to PSA. Staining for PSA was relatively
uniform throughout the prostatic epithelium of the
specimen, although some variation in staining intensity
was noted from cell to cell (Fig. 9c). The
immunostaining was restricted to the cytoplasm of
prostatic epithelial cells and cell debris and secretary
material within the prostatic lumina (Fig. 9¢). In many
cells, the apical cytoplasm was more intensely stained
than were other regions of the cytoplasm High
expression (++) (Fig. 9c¢).

The prostate gland after Twenty-four hours of
death revealed minimal autolysis (<5%) appeared as
disruption and swelling of the acinar epithelial lining
(Fig. 10a). Faint eosinophilic acinar secretions with
shrinkage of some acini were noticed (Fig. 10b).
Edema of fibromuscular stroma was characterized by
dispersion of fibrous tissue (Fig. 10b). Staining for
PSA revealed low expression (+) of prostatic epithelial
cells especially in apical cytoplasm (Fig. 10c).

The prostate gland after Day 5 of death showed
moderate  autolysis (10-50%) characterized by
maintaining histological structural integrity with loss of
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cellular details (Fig. 11a). Separation of cells by clear
spaces, condensation, vacuolization, and fragmentation
of the nuclei was present (Fig. 11a). Sparse distribution
of mucous extra-acinar in the glandular parenchyma
was showed (Fig. 11b). Marked edema of
fibromuscular stroma was seen (Fig. 11b). Staining for
PSA revealed low expression (+) of prostatic epithelial
cells especially in apical cytoplasm (Fig. 11c).

Prostate gland after Day 10 of death showed
moderate to severe autolysis (50%) of glandular
architecture. Loss of acinar pattern with complete
dissolution of epithelial lining nuclei was detected (Fig.
12a). Fibromuscular stroma appeared as a dense

eosinophilic network that separated the autolytic acinar
cell lining into a cluster (Fig. 12b). Negative (—)", no
immunoreactivity for PSA was detected (Fig. 12c¢).

On the other side, the prostate gland after Day
150f death revealed severe autolysis (>50%) of all
glandular structures including acini and fibromuscular
stroma. The glandular tissue showed deterioration and
putrefaction appeared as homogenous eosinophilic
structureless mass (Fig. 13a). Minimal fibromuscular
stroma was still seen as a very fine faint stain in-between
the putrefied gland acini (Fig. 13b). Negative (-)", no
immunoreactivity for PSA was detected (Fig. 13c).

Table (1): Descriptive Statistics and Independent-Sample t-Test of the analyzed malondialdehyde (oxidant
parameter) between different groups depending on time after death in the prostate of rats

Day 0 Day 1 Day 5 Day 10 Day 15
N=10 N=10 N=10 N=10 N=10 P value
MDA
Range (2.8-4.1) (4-4.5) (4.5-4.7) (5.8-6.3) (5.8-7.3) <0.001**
Mean + SD 3.6+0.4 4.2+0.1 4.6+0.1 6.120.1 6.7+0.4
P value
Day 0 <0.001** <0.001** <0.001** <0.001**
Day 1 0.002* <0.001** <0.001**
Day 5 <0.001** <0.001**
Day 10 <0.001**

MDA= malondialdehyde, It was measured in nmol/g: nhanomole/gram, N=number, SD=standard deviation.
**: statistically highly significant, *: statistically significant, P value is significant when P <0.05.

Table (2): Descriptive Statistics and Independent-Sample t-Test of the analyzed nitric oxide (oxidant parameter)
between different groups depending on time after death in the prostate of rats

Day 0 Day 1 Day 5 Day 10 Day 15
N:le N:)io N:);O Nzlo Nzlo P value
NO
Range (12.7-27.7) (31.5-40.2) (37.1-45.1) (38.8-45.3) (39-51.7) <0.001*
Mean + SD 21.4+4.8 35.6+2.2 39.2+2.7 42.2+1.8 45.4+3
P value
Day 0 <0.001** <0.001** <0.001** <0.001**
Day 1 0.011* <0.001** <0.001**
Day 5 0.036* <0.001**
Day 10 0.026*

NO= nitric oxide, It was measured in nmol/g: nanomole/gram. N=number, SD=standard deviation. **: statistically
highly significant, *: statistically significant, P value is significant when P <0.05.

Table (3): Descriptive Statistics and Independent-Sample t-Test of the analyzed glutathione reduced (antioxidant
parameter) between different groups depending on time after death in the prostate of rats

Day 0 Day 1 Day 5 Day 10 Day 15
N=10 N=10 N=10 N=10 N=10 P value
GSH
Range (263.3-294.5) | (158.4-207.2) | (132.7-156.4) | (105.2-119.5) & (85.3-104.3) <0.001*
Mean + SD 279+8.9 177.2+13.7 143363 115.4+4.3 95+6.3
P value
Day 0 <0.001** <0.001** <0.001** <0.001**
Day 1 <0.001** <0.001** <0.001**
Day 5 <0.001** <0.001**
Day 10 <0.001**

GSH= glutathione reduced, It was measured in nmol/g: nanomole/gram. N=number, SD=standard deviation. **:

statistically highly significant, P value is significant when P <0.05.
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Table (4): Descriptive Statistics and Independent-Sample t-Test of the analyzed Superoxide dismutase
(antioxidant parameter) between different groups depending on time after death in the prostate of rats

Day 0 Day 1 Day 5 Day 10 Day 15
N=10 N=10 N=10 N=10 N=10 P value
SOD
Range (30.6-66.8) (25.6-35.4) (22.1-25.6) (16.1-21.2) (10.3-13.7) <0.001*
Mean + SD 52.1+10.8 30.242.5 23.9+1.3 17.9+1.6 1240.9
P value
Day 0 <0.001** <0.001** <0.001** <0.001**
Day 1 0.008* <0.001** <0.001**
Day 5 0.011* <0.001**
Day 10 0.012*

SOD= Superoxide dismutase, it was measured in U/g: unit/gram. N=number, SD=standard deviation. **: statistically
highly significant, *: statistically significant, P value is significant when P <0.05.

Table (5): Pearson's correlation coefficient for the correlation between the time after death and the analyzed
oxidants and antioxidants parameters in the prostate of rats

N=50 Time
Parameters R P value
MDA 0.959 <0.001**
NO 0.784 <0.001**
GSH -0.843 <0.001**
SOD -0.812 <0.001**

MDA= malondialdehyde, It was measured in nmol/g: nanomole/gram. NO= nitric oxide, It was measured in nmol/g:
nanomole/gram. GSH= glutathione reduced, It was measured in nmol/g: nanomole/gram. SOD= Superoxide dismutase,
It was measured in U/g: unit/gram. N=number, R= Correlation coefficient "weak (r = 0-0.24), fair (r = 0.25-0.49),
moderate (r = 0.5-0.74), strong (r = 0.75-1)"" **: statistically highly significant, P value is significant when P <0.05.

Table (6) Simple linear regression analysis to estimate the time after death from the prostatic tissues of rats using
the different analyzed oxidants and antioxidants parameters

Parli_mg:gers Urg(t)?qr;?:;:jlzed coeffl|3c lents Pvalue | Adjusted R? | SEE Regression equation
MDA -16.411 4.493 <0.001** 0.917 1.64 | PMI=-16.411+ (4.493 x MDA)
NO -12.177 0.5 <0.001** 0.606 3.57 PMI=-12.177 + (0.5 x NO)
GSH 18.002 -0.073 <0.001** 0.705 3.09 | PMI=18.002 + (-0.073 x GSH)
SOD 14.699 -0.312 <0.001** 0.653 3.35 | PMI=14.699 + (-0.312 x SOD)

MDA= malondialdehyde, It was measured in nmol/g: nanomole/gram. NO= nitric oxide, It was measured in nmol/g:
nanomole/gram. GSH= glutathione reduced, It was measured in nmol/g: nanomole/gram. SOD= Superoxide
dismutase, It was measured in U/g: unit/gram. N=number, R2 = effect size, SEE = standard error of estimate, PMI =
postmortem interval. **: statistically highly significant, significant difference at p value < 0.05. PMI = constant +
(coefficient x measured parameter) +SEE.

Table (7): Multiple linear regression analysis to estimate the time after death from the prostatic tissues of rats
using the different analyzed oxidants and antioxidants parameters

N=50 Unstandardized coefficients P value Adjusted R? SEE Regres_smn
Parameters Constant B equation
MDA 4.132 <0.001** PMI=-14.478 +
NO 0.020 0.794 (4.132 x MDA) +
GSH -14.478 -0.005 0.737 0.914 1.67 (0.020 x NO) +
(-0.005 x GSH) +
SOD -0.001 0.981 (-0.001 x SOD)

MDA= malondialdehyde, It was measured in nmol/g: nanomole/gram. NO= nitric oxide, It was measured in nmol/g:
nanomole/gram. GSH= glutathione reduced, It was measured in nmol/g: nanomole/gram. SOD= Superoxide
dismutase, It was measured in U/g: unit/gram. N=number, R2 = effect size, SEE = standard error of estimate, PMI =
postmortem interval. **: statistically highly significant, significant difference at p value < 0.05.
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Table (8): Multiple stepwise linear regression analysis to estimate the time after death from the prostatic tissues of
rats using the malondialdehyde parameter

N=50 Unstandardized coefficients P value Adjusted R? SEE Regres;mn
Parameters Constant B equation
PMI=-16.411 +
- **
MDA 16.411 4.493 <0.001 0.917 1.64 (4.493 x MDA)

MDA= malondialdehyde, It was measured in nmol/g: nanomole/gram. N=number, R2 = effect size, SEE = standard
error of estimate, PMI = postmortem interval. **: statistically highly significant, significant difference at p value <
0.05. Stepwise discriminant analysis revealed one model for postmortem time estimation from oxidant parameter
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Figure (4): Statistical analysis of Superoxide dismutase
(SOD) levels demonstrated a significant decrease in its
levels with increase the examined postmortem interval.

Figure (3): Statistical analysis of glutathione reduced
(GSH) levels demonstrated a significant decrease in its
levels with increase the examined postmortem interval.
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postmortem time.
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Figure (9): Photomicrograph of prostate gland showing [day 0] (a) Normal histological structure of prostate gland
consisted of acini and stroma (arrow) (H&Ex200). (b) Acini lined by an outer low cuboidal layer and an inner
layer of tall columnar and surrounded by fibromuscular stroma (arrow) (H&Ex400). (c) High expression of PSA
;\mmunostalned for aplcal cyto lasm of acmar epithelial lining (arrow) (PSA immune-stainx400).

Figure (10): Photomicrograph of prostate gland showing [day 1] (a) Disruption and swelling of acinar epithelial
lining (arrow) (H&Ex200). (b) Faint eosinophilic acinar secretions with shrinkage of some acini and edema of
fibromuscular stroma (arrow) (H&Ex400). (c) Low expression of PSA immunostained for prostatic acinar
eplthellal cells (arrow) (PSA |mmunesta|nx400)

Figure (11): Photomicrograph of prostate gland showing [day 5] (a) Cellular separation by clear spaces,
vacuolization and loss of cellular details (arrow) (H&Ex200). (b) Mucous extra-acinar sparsely distributed in the
glandular parenchyma. (c) Low expression of PSA immunostained for prostatic acinar epithelial cells (arrow)
(PSA immunestainx400).
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dissolution of epithelial lining nuclei (arrow) (H&Ex200). (b) Fibromuscular stroma as dense eosinophilic network
separated the autolytic acinar cell lining into cluster (arrow) (H&Ex400). (c) Negative expression of PSA
immunostained for prostatic acinar epithelial cells (arrow) (PSA immunestainx400).

Y e

tissue which appeared as homogenous eosinophilic structurless mass (arrow) (H&Ex200). (b) Minimal
fibromuscular stroma as very fine faint stain in-between the putrefied gland acini (arrow) (H&Ex400). (c)
Negative expression of PSA immunostained for prostatic acinar epithelial cells (arrow) (PSA immunestainx400).

Discussion

The prostate gland has a low concentration of
hydrolytic enzymes in its cells so it is more resistant
and takes a long time to decompose as the autolytic
process is more prominent in the organs with a high
concentration  of  hydrolytic  cellular  enzymes
(Almulhim and Menezes, 2021). There is a restricted
number of microorganisms that have a collagenolytic
activity that is needed for the degradation of the
collagen coating of the prostate gland which explained
its resistance to decay (Lutz et al., 2020). For these
reasons, the prostate gland was used for the estimation
of postmortem interval in the present study.

In the current study, the levels of MDA and NO
at 10 and 15 day PM were two times as greater as the
level at the immediate time of death (0O postmortem).
While the amount of SOD decreased at 10 and 15 day
PM to a level which was three to four times as less as
the level at the time of death and GSH decreased to
three times as less as that at 0 hour PM. This means
that, the decline in SOD and GSH activities is
independent of the increase in MDA and NO levels.
Kurt et al. (2011) and Polat et al. (2011) observed that
the antioxidant activity in the damaged experimental
tissues decreases in the normal conditions to a level
that is half as much as that in the healthy subjects
which explains the present findings.

Malondialdehyde (MDA) is a toxic aldehyde
that releases through peroxidation of the fatty acids
containing three or more double bonds (Niki et al.,
2005 and Yaman and Ayhanci, 2021). Nitric
oxide(NO) is an endogenous mediator in various
physiological processes as it regulates vascular
relaxation, protein, and gene expression changes, and
also regulates cellular inflammatory function (Repetto,
Semprine and Boveris, 2012). Similar to what was
reported in the current study that MDA and NO
activities increased significantly with the increase of
postmortem time, it was reported in the experimental
studies that the concentration of oxidants increased in
parallel to the increase in the range of damage (Celik et
al., 2004 and Ozturk et al., 2013).

Superoxide dismutase (SOD) is one of the most
powerful endogenous antioxidants which acts by
converting the free radicals into harmless compounds
or by inhibiting their formation (Ighodaroab and
Akinloyeb, 2018). Glutathione reductase (GSH) is
another important antioxidant that is protecting the
cells from oxidative damage (Yilmaz et al., 2012).

An increase in oxidants and a decrease in
antioxidant amounts are detected in the damaged
tissues (lraz et al., 2006). After death, the
oxidant/antioxidant balance is insufficiently controlled
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by the body (Aguilar et al., 2007). The increase in the
levels of MDA with increasing PMI is due to the
increase in the lipid peroxidation that is detoxified by
GSH which is vastly reduced (Harish et al., 2011).

By using regression analysis, the equations were
developed for postmortem interval estimation. In the
prostate, the less the standard error of estimate (SEE),
the more significant predictor that was found to be
MDA followed by GSH then SOD and lastly NO.
Otherwise, Sener et al. (2012) revealed that SOD and
NO were the most significant parameters affecting the
prediction of the postmortem interval in the rat liver.

There are different researches that documented
the successive role of oxidant and antioxidant markers
in estimating the postmortem interval from different
organs. Abo EI-Noor et al. (2016) proved that there
was a significant correlation between oxidative stress
markers in the heart and kidney and the postmortem
interval. Oxidant and antioxidant parameters are best
correlated to postmortem time in the heart and kidney
as well as testis as suggested by Welson et al. (2021).
Ozturk et al. (2013) who conducted a study in the
femoral muscle, also reported a significant increase in
the oxidants and a decrease in the antioxidants 2 hours
after death.

Shaaban et al. (2017), in the same line, studied
the role of oxidant and antioxidant parameters in the
estimation of PM interval, observed that there was a
significant rise in the levels of MDA and NO and a
significant decline in the levels of GSH and SOD in
brain and liver of rats after 8 hours of death. Their
results differ from the present study in the early
affection of oxidative stress markers in the early
postmortem time. These enzymes differ in their
responses because of the different nature, amount, and
activities of the enzymes in the different organs
(Szymonik-Lesiuk et al., 2003).

The current study comes in conjunction with
what was mentioned by Mahmoud et al. (2018) who
revealed that there was not any structural abnormality
occurred in the prostate during the first 12 hours of
death but significant disruption of epithelial lining with
presence of inflammatory cells appeared in the
prostatic gland after 24 hours PM. More degenerative
changes of the prostatic acini occurred one to four
weeks PM. They also concluded that these changes can
successively be used as a predictor for estimation of
postmortem time.

The current results come in an agreement with
what was stated by Elgawish et al. (2021) whose study
revealed that the prostate samples didn't show any
structural abnormalities during the first 12 hours. It was
also revealed that after 24 hours PM, desquamation of
the epithelium with the appearance of inflammatory
cells was detected then atrophic prostatic tissues with
necrosis were observed at 60 to 72 hours PM.

The current histopathological results disagree
with what was stated by Saukko and Knight (2016) as
they reported that the human prostate gland may still be
identifiable in a partially skeletonized human body for
about one year PM. The accelerated degradation rate of
the rat prostate gland in the current study can be

explained by the smaller size of rats’ prostate in
comparison to the prostate of human beings and also by
the difference in the lining of prostatic epithelium
which is simple columnar epithelium in the rats’
prostate compared to the pseudostratified and stratified
columnar epithelium in the human prostate that is more
resistant (Aaron, Franco and Hayward, 2016).

The rapid degradation rate of the prostate gland
in the present study may also be attributed to the mass
of the carcass which is the most important intrinsic
factor that affects the postmortem decomposition rate
and therefore the estimation of postmortem interval.
The bodies of small masses decomposed more rapidly
than those of large masses (Matuszewski et al., 2014).

The results of the current study revealed that
there was a positive high immunoreactivity expression
of PSA in the prostatic tissues at 0 PM. A significant
decrease in the concentration of PSA’s stained areas in
the prostate was detected with an increase in the PMI.
They also revealed a presence of positive low
expression of PSA in the prostate at 1 and 5 days PM
while at 10 and 15 days, immune-histochemical
reaction for PSA was absent in all prostatic acini.

Jones et al. (2005) revealed that the total serum
PSA levels were similar before and after death if blood
autopsy was drawn in the first 24 hours after the time
of death. While the free serum PSA levels were
increased two times in postmortem sera as greater as
antemortem sera that were analyzed.

Furthermore, Forde et al. (2016) concluded that
there is no significant difference in the levels of serum
PSA levels that were examined at various intervals (4,
8, 24, 48 hours). But we cannot compare the current
results with that study because they examined PSA
levels in the blood collected from living patients and
then they left specimens for various intervals.

Tsuboi et al. (2020) found that there was no
statistically significant correlation between serum PSA
levels and postmortem interval whether regardless of
age at death or with considered the age of cadavers.
They revealed that PSA is a stable material that is not
affected by the putrefaction or the environment of the
CcOorpses.

Conclusion

The present study concluded that prostate-
specific antigen proved to be a useful indicator
consistent with the histopathological findings in the
estimation of postmortem interval from the prostate.
There is a strong relationship between oxidative stress
markers and time after death and it is approved that the
derived equations in this study can be helpful in
detecting the postmortem interval in forensic science.

Recommendations

Although the prostate withstands decomposition
for a long period, the researches that investigate the role
of postmortem changes of the prostate in the estimation
of also postmortem interval are lacking. So, it is
recommended to do future studies on the prostate to
appreciate its beneficial role in the estimation of time
passed after death. Also, it is recommended to apply this
study to humans to confirm whether the resulted
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equations could be applied for the estimation of
postmortem interval. The effects of the postmortem
autolytic process-related factors are not investigated in
the current study, so further studies are recommended to
evaluate these factors.
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