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Abstract

Background and objectives: Post-mortem interval (PMI) estimation is an important topic in forensic sciences.
Several methods have been used to determine the PMI, but most of these provide inaccurate results under certain
conditions. The degradation of RNA after death has been reported to be a useful tool for PMI estimation. This study
aimed to evaluate the potential use of skin and heart GAPDH mRNA levels for determining the PMI under different
environmental conditions.

Methods: Seventy-eight adult female albino rats were sacrificed by cervical dislocation. Then, rats divided into the
control group and four experimental groups left under different conditions (in ambient air at 30 °C and at 6 °C,
buried in sand and submerged under water at an air temperature of 30 °C). The skin and heart samples were
obtained at different time points (0, 24, 48, and 96 h post-mortem), and the GAPDH mRNA level in each sample
was detected by qRT-PCR.

Results: The GAPDH mRNA levels decreased with increasing PMI in all study groups. There were significant
negative correlations between the heart GAPDH mRNA level and the time interval in all studied groups, while
the skin GAPDH mRNA level only showed negative correlations under certain conditions.

Conclusion: The GAPDH mRNA level in rat heart and skin could be a useful marker for PMI estimation under
various environmental conditions.
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Background
Determination of the time of death is a vital question in
any forensic casework. Precise estimation of the
post-mortem interval (PMI) is crucial at both the civil
and criminal levels. The PMI assists in proving and ex-
cluding suspects, identifying the exact time of a crime,
and solving some legal problems related to inheritance
(Elghamry et al. 2017).
Several approaches have been used to estimate the

time since death, including physical, biochemical, and

entomological methods (Sato et al. 2015). However,
these methods are of limited value. Many environmental
factors, such as temperature and insect activity, and in-
dividual factors, such as age and sex, have a strong influ-
ence on these methods (Ali, et al. 2017).
The great progress in molecular biology has encour-

aged the development of alternative approaches for PMI
evaluation using the degradation of biological materials,
such as proteins, DNA, and RNA (Lv et al. 2016).
Many studies have investigated the degradation of

RNA in estimating the PMI in different tissues using
several mRNA markers, including β-actin, GAPDH, and
IL-1β (Wen-Can et al. 2014; Sampaio-Silva et al. 2013;
Liu et al. 2011; Inoue et al. 2002). However, the effect of
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different environmental conditions on the reliability of
this method has not yet been explored.
This study aimed to evaluate the potential use of skin

and heart GAPDH mRNA levels determined by
qRT-PCR for estimating the PMI of rats exposed to dif-
ferent environmental conditions.
GAPDH was selected as the target marker because it

is a housekeeping gene that has shown time-dependent
quantitative changes with the PMI in several studies
(Elghamry et al. 2017; Lv et al. 2014; Sampaio-Silva et al.
2013; Inoue et al. 2002).

Materials and methods
Animal protocol
Seventy-eight adult female albino rats weighing 120–
150 g were sacrificed by cervical dislocation. Then, the
rats were divided into five groups. Group 0 (the control)
comprised of six rats from which the skin and heart
samples were taken immediately after sacrifice (at the 0
time interval). Groups 1, 2, 3, and 4 each comprised of
18 rats. Sacrificed rats in groups 1, 2, and 3 were left in
ambient air, buried in sand, or submerged underwater at
an average air temperature of 30 °C, respectively, while
rats in group 4 were left in a refrigerator at 6 °C. The
skin and heart samples were obtained at three different
time points: 24 h, 48 h, and 96 h post-mortem (six rats
for each time point).

Total RNA extraction
Total RNA was isolated using the Total RNA Extraction
Kit (GF-1, cat. no. GF-TR-050, Malaysia), and then ana-
lyzed for both quantity and quality with Beckman dual
spectrophotometer (USA).

qRT-PCR
qRT-PCR assays were performed using ViPrime One
Step RT-qPCR 2X SyGreen Mix (HRox, cat. no
QR8602-100, Malaysia) on a StepOne Real-Time PCR
Applied Biosystems detection system with version 3.1
software (StepOne™, USA). We used 5 μL of total RNA
and 1 μL of both primers specific to each gene. The pri-
mer sequences for each gene are shown in Table 1. A
negative control sample was included. The thermal

cycler conditions were as follows: 1 cycle of reverse tran-
scription for 10 min at 55 °C and initial activation for 2
min at 95 °C, and 40 cycles of denaturing at 95 °C for 5 s,
followed by annealing and extension at 60 °C for 1 min.
β-Actin was chosen as a reference gene because it is

one of the most common housekeeping genes used for
normalizing gene expression levels, and its transcription
level remains relatively constant in response to experi-
mental manipulation in most tissues (Li et al. 2010).

Calculation of relative quantification (RQ) (relative
expression)
After the RT-PCR run, the data are expressed in cycle
threshold (Ct). The PCR data sheet included Ct values
of the assessed gene (GAPDH) and the reference gene
(β-actin). Therefore, target gene expression was assessed
and related to the reference gene as follows:

Δ Ctsample ¼ Ctassessed gene � Ctreference gene

Δ Δ Ct ¼ Δ Ctsample � Ctcontrol gene

RQ was then calculated according to the following
equation:

RQ ¼ 2� Δ Δ Ctð Þ

Statistical analysis
Data were coded and entered using SPSS (Statistical
Package for the Social Sciences) version 22 software.
Data are summarized using the mean and standard
deviation. Comparisons between groups were performed
using the non-parametric Kruskal-Wallis and Mann-
Whitney tests (Chan, 2003a). Correlations between
variables were assessed using Spearman’s correlation
coefficients (rs) (Chan, 2003b). P values equal to or less
than 0.05 were considered statistically significant.

Results
The mean relative skin and heart GAPDH mRNA levels
after the different time intervals in the studied groups are
shown in Figs. 1 and 2, respectively. The mean skin
GAPDH mRNA levels after the different studied
post-mortem time intervals showed statistically significant

Table 1 Primers of target and reference genes

Gene Primer sequence GenBank accession number

GAPDH (target gene) Forward primer:
5-′CACCCTGTTGCTGTAGCCATATTC-3′

NG_028301.2

Reverse primer:
5′-GACATCAAGAAGGTGGTGAAGCAG-3′

β-actin (reference gene) Forward primer:
5′-TGTTGTCCCTGTATGCCTCT-3′

J00691

Reverse primer:
5′-TAATGTCACGCACGATTTCC-3′
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differences in groups 1 and 3 (Table 2), while the heart
GAPDH levels showed statistically significant differences
in all four groups (Table 3).
Pairwise comparisons at each time point of the skin

GAPDH mRNA level in groups 1 and 3, and the heart
GAPDH mRNA level in all four groups show significant
differences between the mean GAPDH levels in the con-
trol group (0 h) and those at 96 h in all groups. There
were also differences between these levels at 24 h and
those at 96 h intervals, except for the skin GAPDH level
in group 1, as well as differences between the GAPDH
levels in the control group and those at 48 h, except for
the skin GAPDH level in group 3 and the heart GAPDH
level in group 1. There were non-significant differences
between the mean GAPDH levels in the control group
and those at 24 h for all groups, between the levels at 24
h and 48 h, except for the heart level in group 4, and be-
tween the levels at 48 h and 96 h, except for the skin
level in group 1 and the heart levels in groups 1 and 3
(Tables 4 and 5).

Correlations between the heart GAPDH mRNA levels
and the time intervals were statistically significant in all
four groups, and those between the skin GAPDH mRNA
levels and the time intervals were significant in groups 3
and 4 (Table 6).

Discussion
The estimation of time since death is one of the most es-
sential and controversial topics in forensic medicine. If
accurately estimated, the PMI can solve many medicole-
gal mysteries (Garg and Garg, 2010).
The post-mortem degradation of RNA is inevitable

and may provide an accurate tool for PMI determination
if there is a correlation between the residual amount of
RNA and the elapsed time (Song et al. 2012).
In the present study, we explored the relationship be-

tween the PMI and the mRNA level in heart and skin
tissues under different environmental conditions. We
tried to simulate most of the conditions under which a
body might be left post-mortem, i.e., in the air, buried in

Fig. 1 Mean skin GAPDH relative expression levels in the studied groups after different time intervals

Fig. 2 Mean heart GAPDH relative expression levels in the studied groups after different time intervals
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sand, or submerged under water. The air medium was
examined at two different temperatures: 30 °C and 6 °C.
In this study, the highest GAPDH levels relative to the

control (0 h) for both organs in all study groups were
observed at 24 h, while the lowest levels were observed
at 96 h. At 24 h, the skin GAPDH level in group 4 was
non-significantly higher than that of the control.
Similarly, a number of studies have detected the loss of

mRNA transcripts with increasing PMI (Bauer et al. 2003;
Fontanesi et al. 2008; Birdsill et al. 2011). This decrease in
GAPDH expression is due to the degradation of RNA
after death by ribonucleases present in cells and/or origin-
ating from bacteria or other environmental contamin-
ation, as well as the influence of environmental factors,
such as pH, UV light, and humidity (Bauer, 2007).
Regarding the increased expression at 24 h in the skin

in group 4, Young et al. (2013) reported the same in-
crease in a study of gene expression in porcine tooth
pulp, and they related that increase to the relative differ-
ence in degradation rate between the target and refer-
ence genes and not due to an actual increase in mRNA
quantity.
Regarding comparisons of the mean GAPDH levels

after different post-mortem time intervals in the studied

groups, there were statistically significant differences in
the heart in the four groups and the skin in groups 1
and 3. This result is concordant with those of Partemi et
al. (2010), who reported a significant difference in the
NOS3 mRNA level of cardiac samples between long
(from 36 to 120 h) and short (from 0.66 to 2.7 h) PMI
groups. Additionally, Ali et al. (2017) observed a signifi-
cant decrease in skin LCE1C mRNA expression.
Regarding pairwise comparisons of skin and heart

GAPDH mRNA levels in the studied groups for each
time point, we observed significant differences generally
between alternating time points and not between succes-
sive time points, with the few exceptions mentioned be-
fore. Similar results were obtained by Ali et al. 2017,
who studied LCE1C expression in skin specimens and
observed significant differences in LCE1C expression be-
tween the third and fifth, third and sixth, and fourth and
sixth days, but not between the third and fourth, fourth
and fifth, or fifth and sixth days.
We speculate that the rate of mRNA degradation must

reach a certain level to cause a significant change in the
GAPDH level between time points. This degradation
level was achieved between alternating time points, not
necessarily between successive time points, with a few

Table 2 Comparison of the mean skin GAPDH levels at different postmortem time points in the studied groups

Time (h) P
valueZero 24 h 48 h 96 h

Group 1 (air at 30 °C) 1.734 0.826 0.640 0.267 0.00*

0 ±.919 0 ±.668 0 ±.292 0 ±.134

Group 2 (sand at 30 °C air temperature) 1.734 1.027 0.797 0.598 0.06

0 ±.919 0 ±.556 0 ±.542 0 ±.154

Group 3 (water at 30 °C air temperature) 1.734 1.742 1.130 0.683 0.03*

0 ±.919 0 ±.567 0 ±.472 0 ±.393

Group 4 (air at 6 °C) 1.734 2.146 1.462 0.818 0.07

0 ± .919 ±1.324 0 ±.704 0 ±.201

*P value is statistically significant

Table 3 Comparison of the mean heart GAPDH levels at different postmortem time points in the studied groups

Time (h) P
valueZero 24 h 48 h 96 h

Group 1 (air at 30 °C) 2.000 1.465 0.647 0.205 0.00*

0 ±.936 0 ±.466 0 ±.572 0 ±.168

Group 2 (sand at 30 °C air temperature) 2.000 1.658 1.225 0.576 0.00*

0 ±.936 0 ±.422 0 ±.585 0 ±.341

Group 3 (water at 30 °C air temperature) 2.000 1.299 0.766 0.238 0.00*

0 ±.936 0 ±.740 0 ±.326 0 ±.133

Group 4 (air at 6 °C) 2.000 1.430 0.673 0.661 0.02*

0 ±.936 0 ±.554 0 ±.668 0 ±.928

*P value is statistically significant
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exceptions due to the different rates of tissue degrad-
ation in response to different environments.
Regarding the correlations between the GAPDH level

and the time points in the studied groups, there were
significant negative correlations for the heart in the four
groups and the skin in groups 3 and 4. The heart results
are in accordance with those reported by Inoue et al.
2002, who assessed the GAPDH mRNA levels in dead
rat organs for 7 days post-mortem at 20 °C and found
that the Ct values for GAPDH mRNA in the heart in-
creased linearly with increasing PMI. Additionally, Liu et
al. (2011) reported that changes in the Ct values of heart
β-actin mRNA in rats showed a good linear relationship
with the PMI at a temperature of 20 °C.
In contrast, Sampaio-Silva et al. (2013) reported no signifi-

cant correlations between the analyzed transcripts in the
heart samples and the PMI, and Partemi et al. (2010) studied
the post-mortem expression of five genes in human cardiac
tissues and concluded that mRNA levels are independent of
the PMI. Additionally, Deng et al. 2013 reported that the
ΔCt values of heart HIF-1-α and β-actin mRNAs in tissues
kept at 4 °C showed no correlation with the PMI.
Concerning the skin results, Song et al. (2012) observed

a significant correlation between the elapsed time and the
quantity of mRNA transcripts in skin samples from modi-
fied radical mastectomy specimens. Additionally, Pan et
al. (2014) observed a good linear relationship between the
PMI and β-actin and GAPDH mRNA levels in rat skin at

4 °C; however, contrary to our results, they observed a
good linear relationship between the PMI and the β-actin
and GAPDH mRNA levels in rat skin at 15 °C, and ob-
served an S curve-type relationship between the levels of
the two markers and the PMI at 35 °C.
Unfortunately, no previously reported studies have ex-

amined the correlation between heart or skin mRNA
levels and the PMI in bodies buried in sand or sub-
merged under water. Elghamry et al. (2017) studied the
expression of GAPDH mRNA under such conditions
but in brain tissues and reported a significant correlation
with the PMI. The different results for the different tis-
sues can be related to the fact that the integrity of RNA
differs among different tissues and organs post-mortem
(Sampaio-Silva et al. 2013).

Conclusion
This research suggests that the skin and heart GAPDH
mRNA levels could be valuable tools for PMI estimation
under several environmental conditions, potentially pro-
viding an additional method to current approaches of
PMI estimation. However, this method should be further
evaluated in future studies including human tissues and
exploring the influence of various factors (e.g., age, sex,
and cause of death).

Abbreviations
C: Celsius; Ct: Cycle threshold; DNA: Deoxyribonucleic acid;
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase; IL-1β: interleukin 1β;
LCE1C: Late cornified envelope gene 1C; mRNA: Messenger ribonucleic acid;

Table 4 Pairwise comparisons for each time point of the skin
GAPDH level in groups 1 and 3

Time periods Group 1
(air at 30 °C)

Group 3
(air at 6 °C)

Zero 24 h 0.10 0.87

zero 48 h 0.01* 0.26

zero 96 h 0.00* 0.03*

24 h 48 h 0.74 0.10

24 h 96 h 0.19 0.01*

48 h 96 h 0.02* 0.15

*P value is statistically significant

Table 5 Pairwise comparisons for each time point of the heart
GAPDH level in the four studied groups

Time periods Group 1
(air at 30 °C)

Group 2
(sand)

Group 3
(water)

Group 4
(air at 6 °C)

Zero 24 h 0.42 0.20 0.26 0.26

Zero 48 h 0.15 0.03* 0.02* 0.05*

Zero 96 h 0.01* 0.00* 0.02* 0.00*

24 h 48 h 0.20 0.20 0.07 0.02*

24 h 96 h 0.00* 0.00* 0.05* 0.00*

48 h 96 h 0.03* 0.03* 0.74 0.15

*P value is statistically significant

Table 6 Spearman’s correlation analysis between the time
intervals and the skin and heart GAPDH levels in the different
groups

Time (h)

Group 1 (air at 30 °C) Skin rs − 0.42

P value 0.08

Heart rs − 0.77

P value < 0.00*

Group 2 (sand at 30 °C
air temperature)

Skin rs − 0.25

P value 0.30

Heart rs − 0.74

P value < 0.00*

Group 3 (water at 30 °C
air temperature)

Skin rs − 0.66

P value 0.00*

Heart rs − 0.74

P value < 0.00*

Group 4 (air at 6 °C) Skin rs − 0.56

P value 0.01*

Heart rs − 0.48

P value 0.04*

*P value is statistically significant
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NOS3: Nitric oxide synthase 3; PMI: Post-mortem interval; qRT-PCR: Real-time
reverse transcription-polymerase chain reaction; RNA: Ribonucleic acid;
RQ: Relative quantification; rs: Spearman’s rank correlation coefficient;
SD: Standard deviation; Sec: Second; SPSS: Statistical Package for the Social
Sciences; UV: Ultraviolet
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