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Accurate estimation of postmortem interval (PMI) is one of the most important and 
difficult issues in forensic medicine. After death, the tissues undergo autolysis and bio-
macromolecules degrade. The relationship of extent of DNA damage and certain components 
of the oxidant/antioxidant balance in brain and femoral muscle tissues of rats killed by 
cervical dislocation or drowning, with the post-mortem intervals was investigated and 
examined by making a relation with the histopathological finding in brain tissue. The results 
showed that the oxidant/antioxidant balance in brain and femoral muscle tissue was shift 
insignificant favour of the oxidants at 24 hrs postmortem and lasted tell 96 hours post-mortem 
toward the oxidant. The percentage of DNA fragmentation was detected increased parallel to 
significant increase of oxidant level from zero to 96 hrs post-mortem. The histopathological 
alterations in brain and muscle tissues of drowned or cervical dislocation were found to be in 
full accordance with biochemical finding and DNA fragmentation. Our results suggest that 
biochemical analysis, DNA fragmentation as well as histopathological examination of brain 
and muscle tissues provide an accurate estimation of post-mortem intervals.  
 

 
Introduction  
 

Postmortem interval (PMI) is the time 
elapsed between death of a person and the time 
of autopsy. Although the exact time of death 
can rarely be estimated on the basis of autopsy 
findings alone, an appropriate range of PMI 
can be deduced by intelligent interpretation of 
various changes that take place after death 
(Chandrakanth et al., 2013).  
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Following death, a complex series of 
biochemical and pathological processes are 
initiated resulting in considerable alterations of 
the structure and composition of the human 
body. Because many of these changes occur 
sequentially, it has been proposed that the 
evaluation of the types and degrees of changes 
may enable estimation of time since death 
(Ferreira and Cunha, 2013).  

An estimation of the time since death is 
commonly inferred from the evaluation of 
physiological and physical postmortem 
changes, such as the distribution and amount of 
rigor mortis, death stains, changes in body 
temperature, changes in potassium 
concentration of the vitreous humor, the degree 
of decay in the body, proliferation of bugs on 
the corpse and their developmental stages 
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(Henssge and Madea, 2004; Knight et al., 
2004). In fact, there are several internal factors: 
age of the deceased, gender, physical, 
pathological state and external factors as air 
temperature, humidity, bug and animal activity 
affect the postmortem process rendering the 
determination of time of death more 
complicated (Poloz and O’Day, 2009; Prieto et 
al., 2007).  

In the field of forensic pathology one of 
the most important issues is the correct 
estimation of the PMI (Lendoiro et al., 2012). 
A precise estimation of the time of death 
enables the verification of witnesses’ 
statements, limits the number of suspects and 
assesses their alibis (Kaliszan, 2012).  

An accurate estimation of the PMI 
requires the evaluation of parameters that 
change constantly with time after death. This 
definition seems to fit well in post mortem 
degradation of nucleic acids (Liu et al., 2007). 
Indeed, with the advances of molecular 
biology, the analysis of time-dependent 
degradation of nucleic acids (both DNA and 
RNA) became a focus of attention in forensic 
science (Bauer et al., 2003). Forensic DNA 
analysis has advanced considerably over the 
past 20 years through the development of new 
techniques, such as the use of miniSTR 
analysis, which involves amplification of 
smaller DNA targets (Tate et al., 2012). DNA 
is one of the most stable components of cells, 
and its content is similar among different 
individuals and different cell types within the 
same species (Larkin, et al., 2010; Lin, et al., 
2011), so DNA is often relied upon to identify 
missing persons and victims of mass fatality 
incidents (Marjanovic et al., 2007 & Parsons et 
al., 2007). DNA degradation is caused by 
intracellular enzymes and bacterial 
proliferation, then its estimation may lead to a 
diagnosis of the degree of postmortem changes, 
including the time after death (Swango et al., 
2006).  

Since DNA is known to be stable a long 
postmortem period, methods for quantification 
of DNA degradation level, such as flow 
cytometry or single cell electrophoresis, were 
described by several authors (Johnson and 
Ferris, 2002). Due to the rapid decomposition 
rate, tissues such as blood and kidney were 
found to be unsuitable for DNA fingerprinting 
after a period of one week. Brain, lymph nodes 
and skeletal muscles preserved high molecular 
DNA up to 3 weeks, whereas kidney, thyroid 
and spleen retained it for one week and liver 
lost all high molecular DNA after 2 days. Brain 
tissue seems to be one of the best sources of 
DNA for post-mortal studies followed by 
muscle and blood and then other internal 
organs, whereas liver is consistently a poor 
source of DNA (Parsons and Weedn, 1997).  

Oxidative stress is defined as a marked 
imbalance between the reactive oxygen species 
(ROS) and its removal by antioxidant system. 
These free radicals associated with cellular 
death (Halliwell, 2001; Serafini and Del Rio, 
2004). Brain tissue has multiple potential 
sources of ROS (Faraci, 2006) and a large 
oxidative capacity, but its ability to combat 
oxidative stress is limited (Mantha et al., 2006). 
Oxidants and antioxidants; malondialdehydes 
(MDA), reduced glutathione (GSH), and 
catalase (CAT), play important role in 
determining the early post-mortem intervals. 
Under physiological conditions, the 
oxidant/antioxidant defense system in human 
body is in a state of continuous equilibrium. 
Equilibrium in aerobic metabolism (in alive 
tissue) is characterized by the formation of free 
radicals and their removal by means of 
antioxidant systems (Clarkson and Thompson, 
2000). Increase in oxidant levels and a decrease 
in antioxidant levels are observed in the 
damaged tissues of any live animal (Iraz et al., 
2006; Aguilar et al., 2007).  

The purpose of our study was to 
investigate and examine the correlation 
between the levels of oxidant/antioxidant 
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parameters, the extent of DNA damage, 
histopathological changes in brain and femoral 
muscle tissue of rats and post-mortem 
intervals.  
 
 
Material and Methods 
 
Animals 

Forty adult male albino rats; each about 
(150-200 g) were used. They were obtained 
from the Egyptian holding company for 
biological products and vaccines, Cairo, Egypt. 
They were kept under good ventilation and 
standard hygienic conditions and allowed free 
access to balanced standard diet pellets and tap 
water.  
 
Experimental design 

Rats were classified into two groups, 
each group containing a total of 20 rats. The 
first group was subjected to death via 
drowning, while the 2nd group was anesthetized 
by diethylether inhalation, followed by cervical 
dislocation (at room temperature 20◦C). Rats of 
each group were divided into 4 subgroups 
(n=5), the first group was dissected to obtain 
organs (brain and femoral muscle) immediately 
after death (0 time) while the 2nd, 3rd, 4th 
groups were dissected to get the same organs at 
24, 48, 96 h postmortem, respectively. 

The required biochemical, DNA 
fragmentation and histopathological 
investigations were performed on the 
specimens and evaluated them by direct 
comparison between groups. 
 
Histopathological study: 

Brain and femoral muscle tissues were 
taken from the dissected rats in each examined 
intervals. They washed using chilled saline 
solution then perfused with phosphate buffer 
saline (50 mM potassium phosphate, pH 7.4 
containing 0.16 mg/ml heparin) to remove any 
red blood cells and clots. The tissues were 

homogenized in 5-10 ml cold buffer (i.e 50 
mM potassium phosphate which composed of 
9.4 ml of 1M monobasic solution and 40.6 ml 
of 1M dibasic solution and complete to 12 by 
distilled water, pH 5.1, 1mM EDTA) per gram 
tissue using tissue homogenizer and 
centrifuged at 4000 rpm/15 min at 4◦C. The 
supernatant was washed and subjected to assay 
the activity of catalase (Aebi et al., 1984), 
reduced glutathione (Beutler et al., 1963) and 
lipid peroxidation (LPO) which were measured 
by estimation of thiobarbituric acid reactive 
substance (TBARS) method of Ohkawa et al. 
(1979).  

1. Brain and femoral muscle tissues for 
DNA fragmentation  
Brain and muscle tissues were lysed in 
1 ml buffer (10mM Tris-Hcl, pH 7.4, 10 
mM EDTA, 0.5% TRITON X-100) by 
the method of Sellins and Cohen 
(1987).  

2. Agarose gel electrophoresis of 
fragmented DNA 
For electrophoretic analysis of 
fragmented DNA, the total nuclear 
DNA was isolated from tissue 
according to the method of Kuo et al. 
(2005).  

3. Brain and femoral muscle tissues for 
histopathological study: 
Autopsy samples were taken from the 
brain and muscle tissues of rats in 
different groups and fixed in 10% 
formal saline for 24 h. They were 
subjected to histopathological 
examination according to Banchroft et 
al. (1996). 
Statistical Analysis  
The obtained data were analyzed using 
one way analysis of variances 
(ANOVA) followed by Duncan TEST 
using SPSS 11.0 statistical software 
(Spss, Inc, Chicago, IL, 2001). They 
were expressed as mean ± standard 
error (SE). 
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Results 
 

As can been seen in tables (1, 2, 3 and 4) 
as well as in figures (1-6),  that the difference 
between oxidant and antioxidant parameters at 
0 to 96 hours post-mortem were found to be 
statistically significant (p ≤ 0.05). These data 
were similar in case of brain and muscle 
samples in both cervical dislocation and 
drowning. Catalase and reduced glutathione 
were significantly decreased in brain and 
muscle tissue after 24 h of the post-mortem 
interval and continued in inhibition till 96 h 
PMI. There was a time dependent factor 
between the oxidant/antioxidant evaluated 
parameters. The concentration of lipid 
peroxidation was significantly increased in 
brain and muscle tissues of rats subjected to 
cervical dislocation or drowning after 24 h 

post-mortem interval and the elevation was 
continued in increase till 96 h. 

DNA fragmentation percentage in brain 
and muscle tissues of rats that killed by 
cervical dislocation and drowning showed 
ascending increase from 0time till 96hrs post-
mortem interval. Also, there were time 
dependent factors between the all tested 
interval and percent of DNA fragmentation, as 
seen in tables (5 and 6) and figures (7 and 9). 

As demonstrated in figures (8 and 10), a 
quantitative analysis of DNA fragmentation 
related to post-mortem interval showed a 
strong correlation between increased 
fragmentation and increasing time since death. 
Brain DNA showed slower degradation than 
muscle DNA. 

 

 
Table (1): The levels of analyzed oxidants and antioxidants in rat brain tissues after cervical 

dislocation (20 rats). 
Brain tissue Time/Hours Catalase LPO GSH 

0 0.268±0.002bcd 8.431±0.0.28bcd 5.214±0.06bcd 
24 0.234±0.01acd 9.089±0.03acd 4.857±0.05acd 
48 0.210±0.004abd 10.450±0.16abd 4.259±0.05abd 
96 0.171±0.008abc 13.025±0.13abc 3.848±0.04abc 

(a) Significantly different from control group (zero time) at p≤0.05. 
(b) Significantly different from group of 24 h time intervals (after death) at p≤0.05. 
(c) Significantly different from group of 48 hrs time intervals (after death) at p≤0.05. 
(d) Significantly different from group of 96 hrs time intervals (after death) at p≤0.05. 
 
 
Table (2): The levels of analyzed oxidants and antioxidants in rat femoral muscle tissues after 

cervical dislocation (20 rats). 
Femoral Muscle tissue Time/Hours Catalase LPO GSH 

0 0.483±0.007bcd 10.823±0.06bcd 2.759±0.04bcd 
24 0.304±0.007acd 11.871±0.05acd 2.369±0.06acd 
48 0.231±0.01abd 12.805±0.11abd 1.757±0.05abd 
96 0.137±0.006abc 13.751±0.07abc 1.117±0.03abc 

(a) Significantly different from control group (zero time) at p≤0.05. 
(b) Significantly different from group of 24 h time intervals (after death) at p≤0.05. 
(c) Significantly different from group of 48 h time intervals (after death) at p≤0.05. 
(d) Significantly different from group of 96 h time intervals (after death) at p≤0.05. 
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Table (3): The levels of analyzed oxidants and antioxidants in rat brain tissues after drowning (20 
rats). 

Brain tissue Time/Hours Catalase LPO GSH 
0 0.285±0.004bcd 8.635±0.24bcd 3.812±0.046bcd 
24 0.232±0.01acd 10.735±0.13acd 3.225±0.07acd 
48 0.169±0.002abd 11.686±0.12abd 2.663±0.048abd 
96 0.11±0.002abc 12.712±0.12abc 2.101±0.046abc 

 (a) Significantly different from control group (zero time) at p≤0.05. 
(b) Significantly different from group of 24 h time intervals (after death) at p≤0.05. 
(c) Significantly different from group of 48 h time intervals (after death) at p≤0.05. 
(d) Significantly different from group of 96 h time intervals (after death) at p≤0.05. 
 
 
Table (4): The levels of analyzed oxidants and antioxidants in rat femoral muscle tissues after 

drowning (20 rats). 
femoral Muscle tissue Time/Hours Catalase LPO GSH 

0 0.618±0.006bcd 8.313±0.12bcd 13.557±0.04bcd 
24 0.384±0.005acd 11.214±0.06acd 7.1697±0.13acd 
48 0.325±0.004abd 11.848±0.04abd 5.375±0.06abd 
96 0.287±0.01abc 12.504±0.13abc 2.761±0.05abc 

(a) Significantly different from control group (zero time) at p≤0.05. 
(b) Significantly different from group of 24 h time intervals (after death) at p≤0.05. 
(c) Significantly different from group of 48 h time intervals (after death) at p≤0.05. 
(d) Significantly different from group of 96 h time intervals (after death) at p≤0.05. 
 
Table (5): Percentage of DNA fragmentation in brain and muscle tissues after cervical dislocation 

(20 rats). 

Time/hours DNA % (Brain tissue) DNA% (Muscle tissue) 
0 18.8±0.75 41.39±0.42 

24 32.3±0.69* 51.56±0.73* 
48 36.23±0.73* 54.5±0.67* 
96 37.4±0.7* 60.4±0.69* 

(*) Significantly different from control group (zero time) at p≤0.05. 
 
Table (6): Percentage of  DNA fragmentation  in brain and muscle tissues after drowning (20 rats). 

Time/hours DNA % (Brain tissue) DNA% (Muscle tissue) 
0 31.39±0.75 36.36±0.76 
24 35.36±0.69* 47.5±0.69* 
48 47.6±0.81* 53.6±0.68* 
96 56.52±0.92* 65.3±0.78* 

(*) Significantly different from control group (zero time) at p≤0.05. 
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Fig. (1): The catalase enzyme activity (U/g tissue) in brain and muscle tissues of rats after cervical 
dislocation. 

 
 
 

 
 

Fig. (2): The mean concentrations (Um/g tissue) of lipid peroxide in brain and muscle of rats after cervical 
dislocation.  
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Fig. (3): The mean concentrations of reduced glutathion (ug/g) in brain and muscle tissues of rats after 
cervical dislocation.  

 
 
 

 
 

Fig. (4): The catalase enzyme activity (U/g tissue) in brain and muscle tissues of rats after drowning. 
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Fig. (5): The mean concentrations (Um/g tissue) of lipid peroxide in brain and muscle of rats after 

drowning.  
 
 
 
 

 
 
Fig. (6): The mean concentrations of reduced glutathion (ug/g) in brain and muscle tissues of rats 

after drowning. 
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Fig. (7): Percentage of  DNA fragmentation in brain and muscle tissues in cervical dislocation 
 
 
 

 
 
 
M  50 bp DNA 
marker 

1 brain 0 time  
2 brain 24 hrs 
3 brain 48 hrs 
4 brain 96 hrs 
5 muscle 0 time  
6 muscle 24 hrs 
7 muscle 48 hrs 
8 muscle 96 hrs 

 
 

 
Fig. (8): Percentage of  DNA fragmentation in brain and muscle tissues in cervical dislocation. 
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Fig. (9): Percentage of  DNA fragmentation in brain and muscle tissues in drowning. 
 
 
 

 
 
M  50 bp DNA 
marker   
1 brain 0 time  
2 brain 24 hrs 
3 brain 48 hrs 
4 brain 96 hrs 
5 muscle 0 time  
6 muscle 24 hrs 
7 muscle 48 hrs 
8 muscle 96 hrs 

  
 

Fig. (10): Percentage of  DNA fragmentation in brain and muscle tissues in drowning. 
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Fig. (11): Brain of cervical dislocated rats at 0 time showed blue color of neuron (arrows). H&E 

stain, X 80. Fig. (12): Brain of cervical dislocated rats at 24 hrs post-mortem showed deep 
blue color staining with shrinkage size of neuron in the cerebrum (arrows) ) (H & E stain X 
80). Fig. (13 and 14): Brain of cervical dislocated rats at 48 hrs post-mortem showed 
clumping of the neuronal cells (arrows) in cerebrum with lyses in the wall of dilated blood 
vessels (V). H&E stain, X 80. Fig. (15): Brain of cervical dislocated rats at 96 hrs post-
mortem showed homogenous eosinophilic circumscribed round plagues (P) were replaced the 
cerebral matrix) (H & E stain X 80). Fig. (16): Brain of drowned rats at 0 time showed 
irregular distribution of the neurons with ill-defined nucleus (arrows) in the cerebrum) (H & E 
stain X 80). 
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Fig. (17): Brain of drowned rats at 24 hrs post-mortem showed neuronal shrinkage with deep blue colour 

staining (arrows) (H & E stain X 80). Fig. (18): Brain of drowned rats at 48 hrs post-mortem showed 
glia cell (arrowheads) were the predominant one while the neuronal cells showed deep blue color 
(arrows) (H & E stain X 80). Fig. (19): Brain of drowned rats at 96 hrs post-mortem showed flattening 
in the neuronal shape (arrows) with wide distance in between (H & E stain X 80). Fig. (20): There was 
no histopathological alteration and the normal histological structure of the striated bundles (ml) (H & E 
stain). Fig (21): Necrosis, hyalinization and lose of striation were detected in focal manner. Fig (22): 
Skeletal muscle bundles (mb) of rat showing massive number of inflammatory cell infilteration with 
congested blood vessels in between hyalinned muscle bundles (mb) (H & E stain). 
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Discussion 
 

Determination of the time of death has 
always been one of the primary goals of the 
forensic medicine. Traditional methods for 
estimating PMI were based on post mortem 
changes of cadaveric phenomenology or 
biochemical arrays of cadavers. Unfortunately, 
these methods were strongly influenced by 
many unpredictable internal and external 
factors. Biochemical markers that help to 
evaluate the time since death has been 
investigated. They include protein fractions, 
urea, creatinine, glucose, iron, potassium, 
calcium, enzyme and the 
immunohistochemical detection of insulin in 
pancreatic B cell (Wehner et al., 1999; Thaik 
et al., 2002).  

Evidently, determination of the PMI 
requires a parameter change constantly and 
linearity from the time of death (Liu et al., 
2007). Indeed with the advances of molecular 
biology the analysis of time dependant on the 
degradation of nucleic acids (both DNA and 
RNA), which became a focus of attention in 
forensic science (Bauer et al., 2003). In the 
present study, brain and femoral muscle tissue 
of rats that killed by cervical dislocation and 
drowning were examined in an attempt to 
disclose whether or not a significant 
correlation was present among the levels of 
oxidant /antioxidant parameters, the extent of 
DNA damage and hitopathological alterations 
post mortem interval (PMI).  

The results of our experiment 
documented  that both the level and the 
amount of oxidant /antioxidant parameters as 
well as the percentage of DNA  fragmentation  
in brain and femoral muscle tissues extracted 
after different periods of decapitation (0-96 h 
post mortem) were significantly different. The 
oxidant represented by LPO concentration 
displayed a significant increase from 0 time till 
96hrs post mortem, in contrast to the 

antioxidants which showed a significant 
decrease. Under physiological conditions, the 
oxidant / antioxidant defense system in human 
body is in a continuous equilibrium state 
which is characterized by formation of free 
radicals and the removal by means of 
antioxidant system (Clarkson and Thompson, 
2000). The oxidant / antioxidant equilibrium in 
injured tissue models is different. Increase in 
oxidant levels and a decrease in antioxidant 
levels are observed in the damage tissue of any 
live animals (Aguilar et al., 2007, Iraz et al., 
2006). This event is a reaction induced against 
damage in a certain area of body (Cheeseman 
and Slater, 1993).  

Differences between biochemical 
parameters were observed, no matter how 
much viability the cells possessed in the early 
hours of death. Differences in post mortem 
period of oxidant and antioxidant  parameters 
must be assessed as biochemical disturbances , 
as it cannot be proposed that the oxidant 
/antioxidant equilibrium be controlled 
sufficiently by the body thus no matter how 
much viability the cells show in the early 
hours of death. The activity of catalase and 
concentration of GSH were significantly 
decreased from the 0 time till 96hrs PMI. This 
decline was parallel with the time since death, 
their peak of inhibition were recorded at 96 h.  
This excessive decrease in CAT and GSH in 
our experiment propels one to consider its 
independency from the increase in LPO, since 
the CAT activity in a damaged tissue 
decreases under normal conditions to such a 
level that is half that of after wise healthy 
subjects (Dengiz et al., 2007; Kisaoglu et al., 
2011; Kurt et al., 2011; Polal et al., 2011). 
Reduced glutathione (GSH) has proved an 
important antioxidant compound, protecting 
the cells from oxidative damage (Yilmoz et al., 
2012). Reduced glutathione (GSH) deficiency 
has been known to induce oxidative stress, 
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hence emerging as the underlying cause of 
numerous pathological events (Ross, 1998).  

It can simply be inferred from the 
literature that the average increase in LPO in 
an experimental damaged tissue has not been 
that vastly different from that observed during 
further hours after death. LPO occurs through 
oxidation of the fatty acids containing three or 
more double bounds. LPO directly affects ion 
transfer through cell membrane, causing the 
membrane compounds to be cross linked (Niki 
et al., 2005). 

It was reported that the amount of LPO 
increased in parallel to the increase in the 
extent of damage (Celik et al., 2004).  

Ozturk et al. (2013) also revealed that 
oxidant /antioxidant balance in the striated 
muscle tissue of rat was documented to remain 
constant at 0 hour post mortem to shift mildly 
in favour of the oxidants at 2 hours post 
mortem to shift moderately in favour of the 
oxidants at 3 hours post mortem and to shift 
severely in favour of the oxidants, against the 
antioxidants at 4 and 5 hours post mortem. 
Also, Khalaf et al. (2010) mentioned that lipid 
perioxidation, expressed as MDA level, 
recorded significant elevations in the muscles 
of all post mortem groups which subjected to a 
different manner of asphyxia (anaesthesia over 
dose, drowning and electrocution) which were 
more pronounced at 120 min PMI which the 
antioxidant capacity represented by SOD, 
CAT, GSH and total antioxidants were greatly 
decreased at 120 min PMI.  

Upon the death of an organism, internal 
nucleus contained within the cells should 
cause degradation of chromosomal DNA into 
increasing smaller fragment overtime (Gomaa 
et al., 2013). This post mortem degradation of 
nucleic acids has been suggested as an elegant 
alternative to classical methods for PMI 
estimation (Hao et al., 2007). So, this study 
aimed to profile postmortem degradation of 
DNA in relation to PMI. DNA was extracted 
from the brain and femoral muscles of rats at 

different PMI (0, 24, 48 and 96hrs 
postmortem). The results of the current study 
revealed a significant increase in percentage of 
DNA fragmentation in both brain and femoral 
muscle tissues from the zero time till 96 hrs 
post mortem. The increase in DNA 
fragmentation percentage was in parallel with 
increasing post mortem interval and the 
process of degradation was gradual, 
progressive and regular. These findings  was in 
correlation with those of Gomaa et al. (2013) 
who reported that within 24hrs  post mortem 
the brain and liver cells of rats  showed 
increased DNA degradation parameters. Also 
Luo et al. (2006) revealed gradual decrease of 
bone marrow DNA with prolongation of PMI 
and Zhen et al. (2006) recorded that an evident 
comet tailing was observed in DNA of 
myocardium cells after electrophoresis and 
their changes related with the extension of 
PMI, which indicates that DNA degradation 
rate has a close correlation with post mortem 
interval in the period from 0 to 72 hours in 
rats.  

Post mortem DNA degradation subjects 
to degradation by endogenous nucleases 
released by host cells or exogenous nucleases 
released by microorganisms and 
environmental invertebrates. Moreover, 
spontaneous degradation hydrolysis and 
oxidation will farther modify DNA structure at 
much slower speed (lindahl, 1993; Hofreiter et 
al., 2001). This DNA fragmentation can be 
quantified and appears to be a time dependant 
process which has the potential as a predictor 
of PMI in the field of forensic pathology.  

Ferreir and Cunha (2013) reported that 
PMI estimation is complicated by numerous 
factors, some endogenous such as cause of 
death, body build, drug use , some exogenous 
causes which include temperature, pH and 
oxygen concentration as well as other soil 
characteristics. Environmental conditions have 
more influence on DNA degradation compared 
to time elapsed since deposition of the tissue. 
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Neutral or slightly alkaline pH in the sample or 
in the soil favors DNA preservation (Lindahal, 
1993). Due to the rapid decomposition rate 
tissue such as blood and kidney were found to 
be unsuitable for DNA finger printing after a 
period of 1 week (Giannakis et al., 1991). 
Brain, lymph nodes and skeletal muscles 
preserved high molecular DNA up to 3 weeks, 
whereas thyroid and spleen retained it for 1 
week and liver lost all high molecular DNA 
after 2 days. Brain tissue seems to be one after 
best sources of DNA for post mortem studies 
followed by muscle and blood and then other 
internal organs whereas liver is consistently a 
poor source of DNA (Gavrieli et al., 1992; 
Alaeddini et al., 2010).  

The results of the current study revealed 
that brain DNA showed slower degradation 
than skeletal muscles DNA, such variability 
appears to be related to the antemortem 
ribonuclease activity of the tissue with 
relatively ribonucleases poor tissue such as 
brain and retina exhibiting greater nucleic acid 
stability (Johnsen et al., 1986; Malik et al., 
2003) when compared to ribonuclease rich 
tissue as liver, stomach and pancreas (Finger et 
al., 1987). Mild histopathological findings 
become apparent at the 24 h after death, when 
the amount of oxidants significantly increased 
accompanied by a significant decrease in the 
antioxidant amounts and increased percentage 
of DNA fragmentation.  

The histopathological findings in brain 
of cervical or drowning rats indicate the brain 
tissue deterioration in conjunction with an 
increase in oxidant level and DNA 
fragmentation and a decrease in antioxidant 
levels. Such more prominent and severe 
histopathological alterations as neuronal 
shrinkage, with deep blue color were the 
predominant findings. There was flattening in 
the neuronal shape with wide distance in 
between in cervical dislocation. The brain 
histological alterations at 48 h and 96 h PM 
were in the form of clumping of the neuronal 

cells in the cerebrum with lyses in the wall of 
the dilated blood vessels and homogenous 
eosinopholic circumscribed round plaques 
replacing cerebral matrix. It is now established 
that generation reactive oxygen species (ROS) 
through lipid perioxidation (LPO) can cause 
cell death either by apoptosis or necrosis 
(Higuchi and Yoshimoto, 2002).  

No available literature was found about 
the histopathological alterations in brain and 
evaluation time of death, but all studies were 
localized to other organs as kidney, muscles, 
liver, heart and pancreas. The present results 
revealed histopathological alterations in 
muscle tissue of rats subjected to cervical 
dislocation and (or) drowning. The lesions 
were more prominent in drowned rats than in 
cervical dislocations. They were in the form of 
inflammatory cell infiltration with congested 
blood vessel in between the hyalinized muscle 
bundles at 24 and 48 hours PMI. While in case 
of cervical dislocation, the lesion was in 
moderate picture, and at 96 h, the 
histopathological lesions were in the form of 
necrosis, hyalinization and loss of striation of 
the muscle bundles. 

The present findings were closely 
correlated to study adopted by Ozturk et al. 
(2013) who demonstrated prominent 
histopathological findings as striated muscles 
sarcoplasmic fragmentations and myofibrillary 
necrosis were visualized at 4 and 5 hours post-
mortem when the amount of the DNA damage 
displayed a significant increase. Scarpelli 
(1990) mentioned that the onset of autolysis 
was rapid in tissue with a high content of 
hydrolytic, such as the pancreas and gastric 
mucosa, where it was intermediate in the heart, 
liver and kidney and slow in brain and 
fibroblasts which have relatively few 
lysosomal and a low level of hydrolytic 
enzymes.  

In the current study, there was obvious 
correlation between the degree of degeneration 
or autolysis changes and time of PMI and also 
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with oxidant /antioxidant levels and DNA 
fragmentation. The result of current study 
revealed that antioxidant- oxidant and DNA 
alterations slower in degradation in brain than 
in muscles. Also the previous studied 
parameters are more affected in case of 
drowning than in cervical dislocation. Hence 
the depletion of the endogenous antioxidant 
and the inhibition of antioxidant enzymes and 
DNA damage were mostly more remarkable in 
drowning death than in case of cervical 
dislocation. In conclusion the results of our 
study showed that there was a good correlation 
between increase in oxidant, DNA 
fragmentation and decreased antioxidant levels 
in brain and muscle tissue and PMI within 96 
hours after death. Furthermore, the 
biochemical findings were found to be 
consistent with the histopathological findings.  

Collectively, data generated from the 
analysis indicated that biochemical genetic 
profile and histopathological findings 
generated by this approach can provide useful 
information for estimating the post mortem 
interval during the first 96 h after death.  
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 
 

  
  

 
  جامعھ بني سویف –قسم الطب الشرعي والسموم الاكلینیكیھ كلیھ الطب البشري

  * جامعھ القاھره –قسم الطب الشرعي والسموم الاكلینیكیھ كلیھ الطب البیطري  
 ** جامعھ بني سویف –لطب الشرعي والسموم الاكلینیكیھ كلیھ الطب البیطريقسم ا

  

. ایا أھمیة وصعوبة في الطب الشرعيھي واحدة من أكثر القض) PMI(التقدیر الدقیق للفترة التالیة للموت 
 العلاقة ھ ھو دراس الدراسة من الھدف كان لذلك. بعد الوفاه  یحدث تحلل ذاتي في الأنسجة و الجزیئات الحیویة

بین مدى تلف  الحمض النووي و التوازن بین مكونات الاكسدة و مضادات  للأكسدة في المخ والعضلات في 
. أنسجة الفئران  التي تعرضت للقتل بالخنق أو الغرق، وعلاقتھا  بالتغیرات الھستوباثولوجیھ في  أنسجة المخ

  :وقسمت الي مجوعتین علي النحو التالي ، لبیضاء جرذ من جرذان التجارب ا٤٠وقد اجریت ھذه الدراسھ علي 
  . وھي مجموعھ تعرضت للوفاه عن طریق الغرق: المجموعھ الاولي
 .وھي مجموعھ تعرضت للوفاه عن طریق الخنق: المجموعھ الثانیھ

وتم تشریح الفئران في المجموعھ الاولي والثانیھ والثالثھ والرابعھ  للحصول علي انسجھ المخ والعضلات 
 ساعھ من الوفاه وبعد ٤٨ساعھ من الوفاه ، بعد مرور ٢٤بعد الوفاه مباشره ، بعد مرور : في الاوقات الاتیھ

 . ساعھ من الوفاه علي التوالي٩٦مرور 
 أن ھناك علاقة جیدة بین الزیادة في أكسدة، وتفتیت الحمض النووي و أظھرت نتائج ھذه الدراسة

وعلاوة على .  ساعة بعد الموت٩٦وانخفاض مستویات مضادات الأكسدة في أنسجة المخ والعضلات خلال 
 وأشارت البیانات التي تم إنشاؤھا من. ذلك، وجدت ان  النتائج البیوكیمیائیة متسقة مع التغیرات الھستوباثولوجیھ

التحلیل أن الصورة الجینیة و البیوكیمیائیھ والتغیرات الھستوباثولوجیھ الناتجة عن ھذا النھج یمكن أن توفر 
  . ساعة بعد الموت٩٦معلومات مفیدة لتقدیر فترة ما بعد الوفاة خلال أول 

  


