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Introduction
Postmortem biochemistry for investigating the cause and process of death involves analyses of 

biomarkers of general conditions, systemic vital reactions and metabolic disorders to demonstrate 
deterioration of vitality, including circulation, respiration, metabolic homeostasis and Central 
Nervous System (CNS) with tissue-specific biomarkers to detect fatal damage to life-supporting 
organs, including heart, lungs and brain [1]. Postmortem examination of body fluids like blood, 
Cerebro-Spinal Fluid (CSF), the Vitreous Humor (VH), pericardial fluid (PF) and Synovial fluid 
(SF) can help forensic pathologists to estimate PMI with a reasonable accuracy [2] and have proved 
to be very useful in medicolegal investigations of death [3]. Traumatic Brain Injury (TBI) is one of 
the most common and important causes of violent death and therefore daily routine of medico legal 
work [4]. Systemic inflammation and immune responses are involved in deaths due to trauma. In 
forensic practice, one of the essential roles of legal medicine is to provide a different approaches 
to overcome difficulties that may face medicine and law as a forensic pathologist may face a lot of 
limitations regarding the precise diagnosis of traumatic deaths [5].

The essential social and academic tasks of forensic medicine, which involve medicolegal issues, 
including the cause and process of death, especially in cases of traumatic and unexpected sudden 
death. Postmortem biochemical analyses in combination with immunohistochemical markers have 
become ancillary procedures in determining the cause and time of death [6]. The postmortem level 
of brain-specific biomarkers in body fluids such as CSF and blood may be used to determine the 
severity of brain damage in consideration of potentially unspecific postmortem changes. In general, 
the benefit of forensic biochemistry is limited to cases in the early postmortem period before the 
appearance of decomposition and it is quite necessary to define own postmortem reference intervals 
for all relevant biomarkers, considering the agonal and postmortem changes [7].

Few reviews, case reports or published series in the veterinary literature discuss or describe the 
physical or clinical course in animals suffering from naturally occurring traumatic events. However, 
traumatic injury commonly occurs in veterinary medicine, no national database for data collection 
exists for veterinary patients [8]. This study aimed to spotlight on the correlation between the 
cause of death and some postmortem biochemical markers in CSF and blood, concomitant with 
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Abstract

The present study declares the relationship between the cause of death and postmortem alterations in some 
body fluids (CSF, serum and plasma). Immuno-histochemical and micro architecture examination of brain tissue 
of White New Zealand rabbits were applied at different Postmortem Interval (PMI) after Traumatic Brain Injury 
(TBI). Thirty adult male White New Zealand rabbits were divided into two groups; the first group was killed by 
cervical dislocation and the second through head trauma. Each group was subdivided into three times of PMIs 
(zero, 6, and 12 hrs PM). CSF was used to detect the levels of K+, Na+, Ca++, and albumin. While, lactic acid, 
hypoxanthine, ammonia and uric acid concentrations were measured in plasma. Estimation of High Mobility 
Group Box-1 (HMGB1), Interleukin-1-beta (Il-1B) and Tumor Necrosis Factor-alpha (TNF-α) were assessed 
in serum. In addition, immunohistochemical observations of Bcl-2 and P53 apoptotic proteins in brain tissue. 
The results revealed that some of the examined markers as K+, Na+, albumin, ammonia, hypoxanthine and 
High Mobility Group Box-1(HMGB1) had the potential role in estimation of PMI at examined time periods in 
physical and traumatized death. Traumatic death induced severe cerebral hemorrhages and necrosis of cerebral 
parenchyma than physical death. Immunohistochemical results of P53 and Bcl-2 in brain tissue declared focal 
positive reactions of some neurons, astrocytes and microglia in different degrees with time since death. It was 
concluded that biochemical analysis of some body fluids, tissue pathological changes and apoptotic markers 
are applicable tools for assessing accurate PMI after traumatic brain injury and could have a crucial role in legal 
medicine.
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immunohistochemical and histopathological studies on the brain 
tissue of White New Zealand rabbits at different time intervals (zero, 
6 and 12 hours postmortem) which may be valuable tools in PMI 
estimation. 

Materials and Methods
Anesthetic compounds

Ketamine hydrochloride (Ketalar 5%) (Ketaject, Phoenix 
Pharmaceutical Inc., St. Joseph). Xylazine (Xyla-Ject Phoenix 
Pharmaceutical Inc., St. Joseph) 2%) 

Ethics statement

The procedure was carried out according to the general guidelines 
of the National Institutes of Health (NIH) for the Care and Use of 
Laboratory Animals in scientific investigations and approved by 
the ethics of animal use with a card number (IBR-3895) in research 
committee (EAURC), Zagazig University, Egypt.

Animals and experimental design

Thirty adult male White New Zealand Rabbits weighing between 
1800 g and 2000 g and had about 75 to 80 days of age were obtained from 
the Laboratory Animals’ Farm Unit, Faculty of Veterinary Medicine, 
Zagazig University, Egypt. The animals were kept under hygienic 
conditions, housed in individual stainless steel cages for at least two 
weeks for accommodation under the suitable laboratory conditions 
as (good aeration, lightening and a constant room temperature 
about 24oC). The animals were allowed to access water and standard 
rabbit fodder (25.1% proteins, 3.8% fat, 18.05% cellulose). After the 
accommodation period, thirty rabbits were weighed and divided 
into two main equal groups, The rabbits of all groups (control and 
traumatized groups) were sedated by intramuscular injection of a 
mixture of ketamine hydrochloride (35 mg/kg of body weight) and 
xylazine (5 mg /kg of body weight) anesthetic agents [9] to minimize 
animal suffering. The first group served as a control (C) (killed via 
cervical dislocation), while the other group served as traumatized 
group (T) (killed through the weight drop method by specifically 
designed apparatus). Each group was classified into three subgroups 

within three postmortem intervals (at time of death (zero hour), 6 
and 12 h postmortem). The control group (C) contains three sub 
groups including (C0, C6, and C12). The traumatized group includes 
(T0, T6, and T12). 

Induction of traumatic death using weight drop method

The anesthetized rabbits have been secured and the head trauma 
was developed by a controlled drop of metallic spheres weighted (1 
kg) released through a duct always from the same height (1 meter) 
on a platform that was designed (Figure 1) in order to maintain the 
experimental animal head partially fixed above rigidity bulkhead [10].

Collection of biologics from rabbits

CSF is collected from the cisterna magna (foramen magnum) 
[11]. CSF samples were centrifuged directly after collection at 3000 
round/ minute (RPM) for10 min. The supernatant was immediately 
preserved at -20oC till analysis. Blood samples were collected by 
cardiac puncture and divided into two parts; the first part was 
collected with heparin for obtaining of plasma then stored at 4°C 
till biochemical analysis after 24 hrs. The second part was placed in 
centrifuge glass tubes for serum separation and rapidly stored at – 
20°C till used in the biochemical analysis.

Estimation of potassium ions (K+), sodium ions (Na+), 
calcium ions (Ca++) and albumin in CSF

Potassium (K+) and Sodium (Na+) level in CSF was measured 
using Spectrum-Diagnostics Bioassay kits photometrically at 578 
nm and at 405 nm, respectively. The Calcium concentration in CSF 
was measured using Spin react commercial kinetic UV bioassay 
kits. Albumin concentration in CSF was measured using Modified 
Bromocresol blue (BCG) calorimetric method photometrically at 605 
nm [12].

Determination of Total Leucocytic Count (TLC)

TLC was done using the Improved Neubaur Counting Chamber. 
The CSF sample was drawn in White Blood Cell (WBC) pipette up to 
0.5 marks and diluted with the diluting fluid up to 11 marks on tube 
and mixed. Then the specimen was put at counting chamber and cells 
were counted in 4 squares, the number of cells counted equals the 
number of cells/mm3 which is the equivalent of cells/UL. 

Biochemical analysis of lactic acid, hypoxanthine, 
ammonia and uric acid in plasma

Concentration of lactate in plasma was measured by Spectrum-
Diagnostics Bioassay kits at 546 nm [13]. Hypoxanthine was 
determined in plasma samples using a commercial kit Amplex® Red 
Xanthine/Xanthine Oxidase Assay kits (Invitrogen). Ammonia and 
uric acid level in plasma samples was measured using Spin react 
bioassay kits, using Enzymatic-UV method at 340 nm [14] and at 520 
nm [15], respectively.

Determination of High Mobility Group Box-1 (HMGB1), 
Interleukin-1-beta (Il-1B) and Tumor Necrosis Factor-alpha 
(TNF-α)

The concentration of HMGB1 in serum was measured by an 
enzyme-linked immunosorbent assay using a rabbit ELISA kit of 

Figure 1: Weight drop injury device, which causes impact on the frontal 
border of the head that lead to death 1: a duct of 1 meter height. 2: weight 
of (1 kg).
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CusaBio, Catalog No. CSB-E08894Rb) at 540 nm. The cytokine 
IL-1beta was determined in serum using rabbit IL-1b ELISA kits, 
(Ray Biotech, Catalogue Number: ELL-IL1b) at 450 nm. TNF-α 
was measured by using rabbit TNF-α ELISA kits in serum, (Catalog 
No. CSB-E06998Rb, CusaBio Company Us and arrived through 
Medicomex, Egypt. (http://indomedix.com/in-fertility-and-ivf-
units-supplies/). Absorbance at 450 nm.

Histopathological and immunohistochemical investigation

Brain samples were fixed in 10% neutral buffered formalin, fixed 
specimens had dehydrated in a gradual ethanol concentration (70-
100%), and cleared in the xylene, and embedded into paraffin. Five-
micron thick paraffin sections were also prepared and then routinely 
were stained with hematoxylin and eosin (H&E) dyes for the 
histopathological examination under a light microscope [16]. Brain 
sections used were mounted on charged slides, deparaffinized in 4 
changes of fresh xylene, and re-hydrated in graded ethanol (100%, 
95% and 70%) then washed in PBS at pH 7.2 for 5 minutes. The 
sections were incubated with antisera containing the specific primary 
antibodies: anti-p53 antibody (Santa Cruz Biotechnology. Cat. No. 
sc- 6243 rabbit) and anti-Bcl-2 antibody (Santa Cruz Biotechnology. 
Cat. No. sc - 783 rabbit). The sections were incubated in a humidified 
chamber at room temperature overnight. Labeling antibody was 
added to each section. Diaminobenzidine was added as chromogen. 
Then the sections were counter stained, dehydrated in ascending 
grades of alcohol, mounted in Canada balsam and examined with a 
standard light microscope [17].

In order to assess the effect of trauma on some biochemical 
markers in blood, serum and CSF from time of death through 12 
h after, repeated measures ANOVA was used with time interval (0 
hr, 6 hr and 12 hrs) as the within-subjects factor while trauma, were 
considered as between-subjects factor, followed by Tukey’s Honestly 
Significant Difference (Tukey’s HSD) test as post hoc test. Analysis 

was done using Statistical Package for Social Sciences version 24.0 
(IBM Corp., Armonk, NY, USA). Results were reported in means 
± SEM (Standard Error of Mean). The value of P<0.05 was used to 
indicate statistical significance.

Results
Biochemical analysis in CSF

The data in table 1 demonstrated a significant (P>0.05) increase 
in the level of potassium ion (K+) in CSF of control groups (C0,C6 
and C12) and traumatized groups (T0, T6 and T12) in ascending 
pattern with increasing PMI. At the same time, significant increase 
(P>0.01) in K+ concentration of traumatized rabbits than control at 
12 hrs postmortem. The other intervals have no significant difference 
between two conditions of death. Na+ in CSF of the control groups 
was declined along with the time interval passed since death. 
Moreover, Na+ was less in 0 and 6 hrs time intervals of control groups 
than traumatized. 

The results revealed an obvious increase in the level of calcium 
(Ca++) in the CSF of the control groups (C0, C6 and C12) with rising 
PMI. While Ca++ concentration in CSF of traumatized groups was 
increased significantly after 6 hrs than at time of death, then, decreased 
at 12 hrs postmortem than both times. There was a significant (P>0.01) 
difference (T0 and T6) and their respective controls. Albumin 
concentration in CSF of both control and traumatized groups, there 
was a considerable decline along with the time elapsed after death. 
Moreover, there was a difference (P>0.05) between the traumatized 
group at zero time (T0) and its respective control (C0).

Our results clearly demonstrated that TLC was considerably 
higher in the C12 group than the previous two time intervals, without 
significant difference in its values between C0 and C6 groups. On 
the other hand, it showed highly significant (P>0.05) increase in all 
traumatized groups (T0, T6 and T12) along with the time passed after 
death as shown in table 2. Generally there was a marked significant 
(P>0.01) elevated TLC values in all traumatized rabbits regarding to 
its respective controls.

Table 1: Comparison of CSF potassium, sodium, calcium, albumin levels and 
TLC between control groups (cervical dislocation) and traumatized groups 
(weight drop method) at 0, 6, and 12 hours PM.

CSF
Parameter

Cause of 
death

Time after death (PMI)
0 hr 6 hrs 12 hrs

Potassium
(mmol/l)

Control 6.32 ± 0.29c 11.68 ± 0.62b 16.71 ± 
0.46a

Traumatized 6.88 ± 0.47c 12.37 ± 0.63b 19.02 ± 
0.25a**

Sodium
(mmol/l)

Control 152.16 ± 0.48a** 144.24 ± 0.51b** 130.45 ± 
0.37c

Traumatized 149.34 ± 0.3a 136.15 ± 0.38b 129.92 ± 
0.21c

Calcium
(mg/dl)

Control 8.17 ± 0.07b 9.3 ± 0.21b 13.7 ± 0.6a**

Traumatized 11.11 ± 0.6b** 14.6 ± 0.23a** 10.2 ± 0.34b

Albumin
(mg/dl)

Control 6.27 ± 0.13a 5.64 ± 0.18a 3.97 ± 0.28b

Traumatized 7.37 ± 0.12a** 5.87 ± 0.13a 2.42 ± 0.38b

TLC
(cell/µl)

Control 3.4 ± 0.51b 5.4 ± 0.51b 10.8 ± 1.43a

Traumatized 17.8 ± 0.86c** 23 ± 0.71b** 27.8 ± 
0.86a**

Means within the same row carrying different superscripts are sig. different at 
P < 0.05 based on Tukey's Honestly Significant Difference (Tukey’s HSD) test. 
While astrikes indicate significance between Control and traumatized at each time 
point,*when (P< 0.05) and**when (P< 0.01).

Table 2: Comparison of plasma lactic acid, ammonia, hypoxanthine and uric 
acid levels between control groups (cervical dislocation) and traumatized groups 
(weight drop method) at 0, 6, and 12 hours PM.

Plasma
Parameter Cause of death

Time after death (PMI)
0 hr 6 hrs 12 hrs

Lactic acid
(mmol/l)

Control 1.32 ± 0.23c 7.29 ± 0.77b 10.01 ± 0.37a

Traumatized 2.33 ± 0.38c* 9.04 ± 0.64b 11.6 ± 0.44a*

Ammonia
(mmol/l)

Control 102.45 ± 
1.11c

113.86 ± 
1.76b 136.05 ± 3a

Traumatized 125.38 ± 
1.92b**

135.05 ± 
1.82b**

160.96 ± 
3.93a**

Hypoxanthine
(mg/dl)

Control 1.06 ± 0.24c 3.63 ± 0.2b 6.1 ± 0.26a

Traumatized 1.07 ± 0.18c 4.34 ± 0.22b* 8.69 ± 0.42a**

Uric acid
(umol/l)

Control 1.26 ± 0.08a 1.37 ± 0.08a 1.52 ± 0.07a

Traumatized 1.98 ± 0.09c** 2.69 ± 0.04b** 3.08 ± 0.1a**

Means within the same row carrying different superscripts are sig. different at 
P < 0.05 based on Tukey's Honestly Significant Difference (Tukey’s HSD) test. 
While astrikes indicate significance between Control and traumatized at each time 
point,*when (P< 0.05) and**when (P< 0.01).
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Biochemical analysis in plasma

Lactic acid in plasma of the present work was increased in both 
control and traumatized rabbits along with the time elapsed after 
death. At 6 hrs interval, there was non-significant difference between 
traumatized and control groups. The same for ammonia level and 
hypoxanthine in plasma all groups was markedly elevated along 
with the time passed after death. The recorded data in table 2 showed 
that there was a highly significant (P>0.01) increase in ammonia 
concentration in traumatized groups (T0, T6 and T12) in comparison 
with their controls. Uric acid levels in plasma of the control groups 
showed non-significant increase along with the time passed after 
death, but in traumatized groups it is not only significantly increased 
along with postmortem time, but also it is clearly elevated (P>0.01) in 
comparison with its corresponding control groups. 

Biochemical analysis in serum

High Mobility Group Box-1 (HMGB1) was detected in the serum 
of all groups; it revealed a very noteworthy increase with time in 
both control and traumatized rabbits. Our data showed a significant 
(P>0.05) difference at 6 and 12 hrs after death of traumatized groups 
than cervical dislocated rabbits. On the other hand, there was non-
significant elevation in the levels of TNF-α in serum of both control 
and traumatized groups along with the time elapsed after death. 
But its level was higher in the traumatized than the corresponding 
control (Table 3). The concentration of IL-1β in serum, there was a 
slight increase (non-significant) with the time passed after death. A 
significant (P>0.01) increase was noticed in traumatized groups than 
controls at the different time intervals.

Histopathological findings of brain

Examined sections (Figure 2) of the rabbit brain from the control 
group at the time of death (C0 group) revealed mild focal neuronal 
degeneration, perivascular and perineural edema and demyelination 
of some nerve fibers. T0 group revealed severe congestion of the 
meningeal and cerebral blood vessels with mild extravasation of the 
erythrocytes (recent hemorrhages) were detected. 

Brain sections from C6 group revealed congestion of the cerebral 
blood vessels with perivascular edema. Diffuse cerebral and cerebellar 

neuronal degeneration with a clear intracytoplasmic vacuolation 
accompanied by activated microgliosis and astrogliosis. While T6 
group revealed multifocal old cerebral hemorrhages accompanied by 
necrosis of the surrounding tissue were observed. 

In C12 group mild congestion of cerebral blood vessels with 
multiple focal malacic areas of variable shapes and sizes, neuronal 
degeneration in a moderate number of cells, perineural edema, and 
demyelination of the nerve fibers and increase in number of activated 
microglia and astrocytes were also detected. T12 group revealed 
multiple large and small old hemorrhages were seen in the cerebral 
parenchyma. Large and small malacic areas of different shapes and 
sizes were seen in figure 2.

Immunohistochemistry (IHC)

Table 3: Comparison of serum HMGB1, TNF-α and IL-1β levels between control 
groups (cervical dislocation) and traumatized groups (weight drop method) at 0, 
6, and 12 hours PM.

Serum
Parameter

Cause of 
death

Time after death (PMI)
0 hr 6 hrs 12 hrs

HMGB1
(ng/ml)

Control 7.83 ± 0.29c 168.96 ± 20.9b 464.5 ± 19.82a

Traumatized 11.42 ± 2.2c 241.24 ± 
7.77b*

537.16 ± 
16.98a*

TNF-α
(pg/ml)

Control 8.4 ± 0.72a 8.7 ± 0.83a 10.42 ± 0.75a

Traumatized 105.78 ± 
1.92a** 106.34 ± 2.4a** 106.1 ± 1.65a**

IL-1β
(pg/ml)

Control 6.54 ± 0.73a 6.58 ± 0.71a 6.52 ± 0.6a

Traumatized 179.12 ± 5.1a** 175.32 ± 6a** 177.14 ± 5.23a**

Means within the same row carrying different superscripts are sig. different at 
P<0.05 based on Tukey's Honestly Significant Difference (Tukey’s HSD) test. 
While astrikes indicate significance between Control and traumatized at each time 
point,*when (P< 0.05) and**when (P< 0.01).

Figure 2:  Indicative H&E stained sections of rabbit brain in C0 group 
showing perivascular and peri-neural edema together with demyelination of 
some nerve fibers and mild focal neuronal degenerations (arrows). T0 group 
showing congestion of the cerebral blood vessels together with neuronal 
degeneration, cytoplasmic vacuolation and perivascular and edema with 
marked axonal degenerations. C6 Group with mild neuronal degeneration 
with activated microglia and astrocytes and focal malacic areas. T6 Group: 
neuronal degeneration, activated, microglia with demyelination of some 
nerve fibers. C12 Group showed increased number of activated microglia 
and astrocytes (arrow). T12 Group showing multiple large and small old 
cerebral hemorrhages (arrow) X400.

Figure 3: Representative photomicrographs of immunohistochemical 
staining for p53 protein in the brain tissue of rabbits in control groups showing 
gradual positive reaction to p53 protein, weak reaction in C0, moderate in 
C6 while intense in case of C12. Traumatized groups (T0, T6 and T12) 
respectively showing positive reaction to p53 protein, weak reaction in T0, 
moderete in T6 while intense in case of T12. Immunostain X400.
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Immunohistochemical study of apoptotic inducer (p53) in brain 
tissue (represented by brown granules) in C0 group revealed about 
5-10 of the brain cells are positive for the apoptotic protein (p53). C6 
group showed multi focal strongly positive of a moderate number of 
neurons, microglia and astrocytes for the p53. In C12 group revealed 
multi focal strong positivity of a large number of neurons, microglia 
and astrocytes for the p53 (Figure 3). In traumatized group at the time 
of death (T0 group) there was focal neuronal and microglia cells are 
positivity for the apoptotic protein (p53). At 6 hrs PM, multi focal 
strong positivity of some neurons and a few microglia and astrocytes 
(5-10%). In T12 group, showed focal positivity of some neurons, 
astrocytes and microglia for the apoptotic protein. 

Immunohistochemical findings of apoptotic inhibitor (Bcl-2) 
represented by brown granules in brain tissue of C0 group revealed 
positive reactions for most of the neurons and oligodendroglia cells. 
At 6 hrs after death bcl-2 stainability revealed a negative reaction 
for moderate number of neurons, astrocytes and microglial cells. 
At C12 group, most of the cerebral neurons, oligodendroglias were 
negatively reacted. T0 group revealed positive reaction for moderate 
number of the neurons, microglia and astrocytes. At 6 hrs PM bcl-2 
stainability revealed that microglia cells in most parts are negatively 
stained except a few of them. At 12 hrs PM bcl-2 showed focal weak 
reaction of some of the cerebral neurons, astrocytes and microglial 
cells as shown in figure 4.

Discussion
The Cerebro-Spinal Fluid (CSF) is the fluid of choice in cases of 

traumatic death. It is in direct contact with the extracellular matrix in 
the brain, and its composi tion reflects biochemical changes that occur 
in the brain [18]. 

In the present study, there is a significant increase in the K+ and 
Ca++ concentration with increasing PMI Our results are in parallel 
with some previous studies On the same topic [19-21].Similar results 
were obtained in CSF of dogs and donkeys [22,23]. On the other hand, 
CSF sodium and albumin levels significantly declined along with 
the time passed after death. The potassium levels were significantly 
elevated in traumatized rabbits than control at 12 hrs after death. 
On the other hand, CSF sodium levels were significantly declined 

in traumatized rabbits at 0 and 6 hrs postmortem than control one. 
These changes may be attributed to the changes in the membrane 
potential that caused by transient cell membrane disruptions due to 
trauma [24]. It may be attributed to the massive release of glutamate 
from presynaptic terminals, which disrupts ionic equilibrium on 
postsynaptic membranes [25]. This decline in CSF albumin levels 
may be attributed to the postmortem degradation of albumin. The 
extensive biochemical changes taking place in CSF due to stoppage 
of oxygen circulation, cellular degradation, and altered enzymatic 
reaction cause a decline in albumin concentration after death [26]

In the current study, the Total Leucocytic Count (TLC) in CSF 
after death increased in the control groups with increasing PMI. 
These results agreed with the results obtained by many other authors 
[27-29]. Our results demonstrated that there was a highly significant 
increase of TLC in all traumatized rabbits regarding to their respective 
control, which may be due to the acute inflammatory response that 
occur due to TBI, including activation of the complement system 
which results in chemotaxis of neutrophils, and leukocyte activation 
[30]. Our results clearly showed that the traumatic groups having 
the highest values in lactic acid concentration than control groups, 
this may be attributed to the hemorrhagic shock that occurs after 
traumatic injury and it is one of the potential causes of elevated lactate 
in blood [31] or may be due multiple organ insufficiency following 
TBI that leads to high levels of lactate after delayed traumatic death 
[32]. This was confirmed by multifocal old cerebral hemorrhages 
which observed in our histopathological findings in brain tissue of 
the traumatized rabbits.

The current study showed that the hypoxanthine concentration 
in the blood of traumatized rabbits showed an apparent increase, 
other studies obtained parallel results who observed that the 
hypoxanthine was dramatically increased after TBI [33], this increase 
may be attributed to the breakdown of ATP, which present in brain 
tissue. When cells lack ATP, adenosine is metabolized to inosine 
by the action of adenosine deaminase (an enzyme present in large 
quantities in erythrocytes) and inosine is further metabolized to 
hypoxanthine [34]. Regarding the uric acid concentration in blood of 
traumatized groups was increased and there was a highly significant 
(P>0.01) difference between traumatized groups in comparison with 
their respective controls, its concentration was increased in the blood 
of delayed traumatic deaths due to multiple organ insufficiency [35]. 
It has been proposed that the increase in uric acid concentration in 
traumatic deaths is a proinflammatory marker to indicate necrosis 
and death-induced inflammation, which confirmed by a significant 
increase in pro-inflammatory cytokines in our experiment. It has 
been bountifully high significant (P>0.01) increase in the levels of 
TNF-α and IL-1β in the serum of traumatized groups in our result, 
some studies attributed these results to cell destruction caused by 
inflammation resulting from traumatic injury [36].

High Mobility Group Box-1 (HMGB1) is a new postmortem 
marker and could be used as a new tool for the estimation of the PMI 
in the short- and long-term. In the present study, the postmortem 
serum levels of HMGB1 in control rabbits showed a time-dependent 
increase up to 12 hours postmortem, these results are in parallel with 
the results of a published work [35] in rats, in which serum HMGB1 
level was increased up to seven days, the HMGB1 level peaked 
at day 2, decreased at day 3, and then became stable, this change 
was attributed to postmortem changes which induce necrosis and 

Figure 4: Representative photomicrographs of immunohistochemical 
staining for Bcl-2 protein in the brain tissue of rabbits in control groups 
showing, diffusely positive in case of C0 group but patchily positive in a case 
of C6 and C12 groups. Traumatized groups diffusely positive in case of T0 
group while patchily positive in a case of T6 and T12 group. Immunostain 
X400. 
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necrotic cells release HMGB1, so detection of serum HMGB1 exuded 
from corpus necrotic tissue may be related to PMI. Moreover, our 
data showed that there were a significant (P>0.05) differences at 6 
and 12 hrs after death of traumatized groups than control, this may be 
attributed to traumatic brain injury which induce necrosis that occurs 
in response to severe mechanical or ischemic / hypoxic tissue damage 
and necrotic cells release HMGB1 [37]. Also, these observations were 
assured by axonal and neuronal degeneration and necrosis (Figures 
2 and 3). 

Concerning Immunohistochemistry (IHC) of rabbit brain tissue 
in control groups, our study revealed increase in the expression of 
apoptotic inducer (p53) with increasing PMI, while expression of 
apoptotic inhibitor (Bcl-2) was decreased in the same manner with 
more time postmortem, an author suggested that p53 and Bcl-2 
parameters could be a good indicator for PMI [38]. Concerning the 
effect of trauma in the expression of p53 and Bcl-2 proteins, our 
results revealed an increase in p53 immunoreactivity and decreases 
in intracellular Bcl-2 immunoreactivity in injured brain regions may 
precede cell death following experimental brain trauma [39].

Conclusion
It was concluded that biochemical analysis of some body fluids 

(CSF, Plasma and serum) could be used as key tools for assessment 
on accurate PMI. Herein, potassium, sodium, albumin and 
hypoxanthine were could play a key role in assessing accurate PMI. 
Moreover, Il-1β, TNF-α, ammonia and uric acid could be surprising 
tools in differentiation between control and traumatized deaths. 
Immunohistochemical results of p53 and Bcl-2 apoptotic markers in 
brain tissue declared that they could be good indicators for PMI but 
have very little difference between control and traumatized rabbits. 
Histopathological changes in the brain tissue were more severe in 
traumatic death, particularly meningeal and cerebral hemorrhages 
and necrosis of the surrounding tissues. 
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