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Abstract

Background: The estimation of time since death by whatsoever means or methods relies on changes that
occur in the body after death. The changes in morphology of white blood cells are also variable depending on
different factors, like other parameters used for the purpose of determination of TSD but it is less variable as
compared to others. In this present study, morphological cellular changes of leukocytes had been taken into
consideration, being compared with the changes with post mortem interval,  these degenerative changes is
being discussed here in this study. Type of Study: It’s a cross sectional study. Material & Method: This prospective
study was carried out at department of Forensic Medicine in collaboration with department of Pathology at
Kamineni Institute of Medical Sciences, Narketpally January 2014 to December 2014. Observation and Discussion:
In Lymphocytes identifiable degenerative changes began after 24 hours for both the group, Lymphocytes
showed degenerative changes even after 84 hours, but could be easily identified even after that period.
Lymphocytes nuclear swelling and indistinctness in cytoplasmic cell membrane were observed after 24 hour,
while pyknosis, nuclear fragmentation and disintegration were observed after 36, 72 and 96 hour respectively.
Lymphocytes were still identifiable after 120 hour and later observed in H Doghoz study. Conclusion: The
present morphological observations suggest that the lymphocytes are most resistant blood cells to autolytic
changes, the Eosinophils and Monocytes are intermediate and Neutrophils are affected early. Considering the
application of these cellular changes to estimate time since death, it can be said that the result discussed thus
far seems to lead disparate conclusion.
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Introduction

The estimation of time since death is most
important, but it is the  most inaccurate and
controversial topics in Forensic Medicine [1]. When
calculated accurately, it has the potential to unravel
many unfolded medico-legal mysteries. The
estimation of time since death by whatsoever means
or methods relies on changes that occur in the body

after death [2].  Irreversible changes occur in the WBCs
in the internal environment due to non-availability
of oxygen, accumulation of carbon dioxide, PH
change and accumulation of toxic products [3].

The changes in morphology of white blood cells
are also variable depending on different factors, like
other parameters used for the purpose of
determination of time since death, but it is less variable
as compared to others [4].

Forensic Pathologist continue to rely on age old
subjective methods of observing the degree and
chronological staging of external as well as visceral
postmortem. Somatic changes like cooling of the body,
rigor mortis, changes in the eyes, hypostasis, signs of
decomposition, mummification, adipocere formation,
maggot infestation etc. corroborated with
circumstantial evidences for the same. Some clue of
time of death is also gathered from the condition of
food in stomach, intestine and urine in bladder [5].
Attempts have also been made to determine time
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passed since death by studying biochemical changes
in blood, CSF and intraocular fluids [6, 7].The
biochemical methods have been found to be of not
much use once the decomposition changes start.

Forensic pathologist throughout the world are
trying to establish time passed since death by
studying degenerative changes in organs and tissues
at different intervals but definitive conclusion is still
awaiting [8]. An accurate PMI may aid in the
identification of not only the victim, but also a suspect.
Although many methods for determining time since
death have been proposed, there is still a need to
establish more reliable dating techniques.

Evaluation of cellular changes occurring in
postmortem period is one of the methods being
explored in recent times [9, 10]. Experimental studies
have indicated that the cellular changes such as
morphological, functional or biochemical could
reliably be correlated with time since death [3, 11].
The morphological evaluation of cells in post mortem
state is based on an assumption that different tissues
and cells do not die at the same time or simultaneously
with cardiac or respiratory arrest [12]. In this present
study, morphological cellular changes of leukocytes had
been taken into consideration, being compared with the
changes with post mortem interval, these degenerative
changes is being discussed here in this study.

Material and Method

This prospective study was carried out at
department of Forensic Medicine in collaboration with
department of Pathology at Kamineni Institute of
Medical Sciences, Narketpally January 2014 to
December 2014. The study comprises of 40 blood
samples that were obtained from non-refrigerated
cadavers kept at room temperature at Nalgonda
General Hospital mortuary. The blood samples of 2
ml each from non refrigerated cadaver (Experimental
Group) were collected from the internal jugular vein
after giving the autopsy incision and identifying the
vein in neck. The samples were collected into sterile
glass bottles in which 0.2ml of 10% solution of
Ethylene Diamine Tetra Acetic Acid (EDTA) K3 as
anticoagulant had been added, with rubber bungs
[13]. Blood samples from  60 Hospital patients (Control
Group) were collected from their vena cava cubuiti,

stored with same procedure labeled numerated and
were kept at 22-280C room temperature. The blood
samples from the cadavers were stored in vitro storage
while a blood smear was prepared prior to in vitro
storage with a label of the given postmortem interval.
The blood smears of cadaveric group had been
prepared immediately after being drawn, and labeled
according to the time of death of the cadavers. The
findings are compared with the findings of the same
in vitro period of control group. Subsamples are taken
from the blood samples of both groups after 0, 3, 6, 9,
12, 18, 24, 36, 48, 60, 72, 84, 96, and 120 h of storage,
and peripheral blood films of both the experimental
and control groups were prepared by staining
Leishman’s stain with standard procedure.

The peripheral smears were examined under oil
immersion 1000X Objective lens, microscope in an
area of 1 cm X 2 cm which was presumed to contain
morphological changes in leukocytes have been
recorded. The stained smears and findings were cross
checked by consultant hematologist and Pathologist.
The Morphological cell changes, cell membranes,
cytoplasm and changes in the nucleus was studied.
In Experimental group the time of death was known
and the time of sample collection at autopsy was
known, providing the death interval. The results were
shown in tables and figures.

Inclusion Criterion
Samples from both group i.e. experimental and

control group was taken from the age group of 18 to
44 years ages, experimental group cadavers whose
exact time of death was known was collected with
various interval of time since death up to 36 hours.

Exclusion Criterion
Samples from both group experimental and control

group where any history of oncological, hematological
or infectious diseases were excluded from the study.

Ethical and Legal Consideration
Sufficient permissions and consent were procured

from District Coordinator of Health Services, General
Hospital Nalgonda and clearance from the Institutional
Ethical committee was obtained in advance.

Table 1: Time since death and changes in WBC of Experimental group (Cadaveric Blood)
No of Cases PM Hrs  Neutrophils  Eosinophils Monocyte Lymphocyte

 

6 

 

0 -3  

P  C  N  D  P  C  N  D P  C  N  D P  C  N  D

-     -    -     -  -    -     -     - -    -    -     -  -    -    -    -  
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7 4 -8  +   +   -   -

+   +   -   -

+   +   -   -

+    -   -   - +    -   -   -

+    -   -   -

-   -    -    -  

5 9 -12  +   +   +  -   +   +   +  - -   -    -    -  

4 13 -16  +   +   +   - +   +   +   - -   -    -    -  
6 17 -20  +   +   +   -   +   +   +   - -   -    -    -  

5 21 -24  +   +   +   +  +   +   +   + +   +   +   - -     -    -    -
4 25 -30  +   +   +   +  +   +   +   + +   +   +   - +   -    -    -

3 31 -36  +   +   +   +  +   +   +   + +   +   +   + +   +   -    -

Table 2: Morphological changes of Leukocytes of both experimental and control group samples.

Sr. No Cell Types Cellular Changes Post mortem Interval 
 (Time in Hours) 

1. Neutrophils Pyknosis 4-8 Hrs 
  Cytoplasmic and  Nuclear Vacuolation 4-8 Hrs 
  Nuclear Fragmentation 9-12 Hrs
  Disintegration 24-60 Hrs

2. Eosiniphils Pyknosis 4-8 Hrs 
  Cytoplasmic and Nuclear Vacuolation 9-12 Hrs 
  Nuclear Fragmentation 9-12 Hrs 
  Disintegration 24-60 Hrs

3. Monocytes Pyknosis 4-8 Hrs 
  Cytoplasmic and Nuclear Vacuolation 9-12 Hrs 
  Nuclear Fragmentation 21-24 Hrs
  Disintegration 36-48 Hrs

4. Lymphocytes Nucleus swollen,  Indistinct cell membrane   25-30 Hrs
Pyknosis 31-36 Hrs

Nuclear fragmentation 40- 48 Hrs
Disintegration 60-84 Hrs

Fig. 1: Neutrophil Degenerative Morphological changes Fig 2: Eosinophil Degenerative Morphological changes

Fig. 3: Monocyte Degenerative Morphological changes Fig 4: Lymphocyte Degenerative Morphological changes
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It is known that different cells of body die at
different times after somatic death. The cellular death
arises by an irreversible change in the internal
environment of body consequent to death. This
irreversible change in the internal environment is due
to non-availability of oxygen, accumulation of carbon
dioxide, pH change and accumulation of toxic
products. The changing process through normal
morphology to un-Identification period can be a useful
criterion for estimating post mortem interval [14]. In
Neutrophil identifiable degenerative changes were
seen at 4 hours for both the groups and unidentifiable
beyond 60 hours. In Eosinophil identifiable
degenerative changes were seen at 4 hours for both
the groups and it was unidentifiable beyond 60
Hours. In Monocytes identifiable degenerative
changes were seen at 4 hours for both the groups and
it was unidentifiable beyond 48 hours. In
Lymphocytes identifiable degenerative changes began
after 24 hours for both the group, Lymphocytes
showed degenerative changes even after 84 hours,
but could be easily identified even after that period.
Similar morphological changes were seen in both
control and experimental groups while examining
peripheral smears prepared from the blood samples
from both groups. Basophils were not taken into
account, reason because of their rarely observance in
peripheral smears study.

H Doghoz [13] observed pycnosis after the first 6
hour and cytoplasmic and nuclear vacuolation
after 12 hour in neutrophils, eosinophils and
monocytes. Nuclear fragmentation started after 18
hour in neutrophils and eosinophils and after 24
hour in monocytes. Disintegration was observed
between 48 and 96 hour in neutrophils and between
48 and 72 hour in eosinophils and monocytes. In
lymphocytes nuclear swelling and indistinctness in
cytoplasmic cell membrane were observed after 24
hour, while pycnosis, nuclear fragmentation and
disintegration were observed after 36, 72 and 96 hour
respectively. Lymphocytes were still identifiable after
120 hour and later.

Babapullae and Jayasundera [3] reported that
the cells of the blood samples which they
examined for 144 hour were normal in first 6 hour,
were normal and abnormal between the first 6 and
72 hour and were all abnormal and difficult to
identify in Morphology. Nishat A Sheikh et al [15].
A Definite formula was evolved with potassium
in relation to time since death, Yt=5.28+2.20 (K)
there exist a significant positive co-relation for
potassium ion in relation to time since death and
definite equation could be evolved for computation
of postmortem interval.

Wyler D [16] et al found that the postmortem cell
count in cerebrospinal fluid correlates to the time after
death and can be described mathematically
(Polynomial curve of third order). Penttila A, Lahio K
[9] stated that when corpses were kept at +4°C the
lymphocytes seemed to be most resistant and basophils
the least resistant to the effects of autolysis. Platt et al
[17] in their study of cerebrospinal fluid cells found
that if the post-mortem duration is greater than 12 hour,
the cells become vacuolated and cannot be identified.

Conclusion

There are several limitations to the present study
and includes small sample size and non inclusion of
pediatric age group. Another limitation is that the
study include cadaver that were kept at room
temperature only and no attempt was made to study
the changes in respect to bodies kept at room
temperature and stored in cold storage. Similarly no
attempt had been made to study under varying
climatic conditions. In spite of these limitations, the
present study has certain advantages as blood lies
relatively secure place, the procedure is simple and
need usual laboratory material. From these
preliminary results, at present the procedure can be
utilized as useful supplementary procedure to
estimate death interval.

The studies on the morphological and chemical
assessment of the postmortem interval have revealed
that the speed of all postmortem changes varies widely
in dependence of the conditions of storage during the
postmortem interval. It should be noted that, it is quite
difficult to report the exact time of death because of
many factors. The present morphological observations
suggest that the lymphocytes are most resistant blood
cells to autolytic changes, the Eosinophils and
Monocytes are intermediate and Neutrophils are
affected early. Considering the application of these
cellular changes to estimate time since death, it can
be said that the result discussed thus far seems to
lead to disparate conclusion. However, meaningful
inference can be obtained by considering the features
of all cells in combination. Thus, it can be a useful
supplementary procedure to estimate postmortem
interval.
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