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Abstract:

Rationale and background: In forensic medical investigations, it is an important matter to
determine whether a wound found on autopsy was inflicted before or after death and, if inflicted ante-
mortem, how long before death it was sustained. Aim: This work was to compare the biochemical
inflammatory cytokines (IL1-B and IL6) and immunohistochemical (TGF-a) techniques as tools for
determining wound aging in cadavers and their relation to other factors related to the wound. Subjects
and methods: Specimens of skin and subcutaneous tissue were taken from 50 cadavers with wounds
other than firearms and with known postmortem intervals. They were 11 females (22%) and 39 males
(78%), and their mean age was 30.3+19.88 years, with a minimum age of 4 months and a maximum of
82 years. Wound specimens were taken from every case to estimate IL1-p and IL6 by ELISA
technique and evaluate TGF-o by immuno-histochemistry. Results: Significant correlations between
the age of the victim and the value of both IL6 and IL1-B were reported. Moreover, no significant
difference between males and females concerning the cytokines IL1-p and Cytokines IL6 was found.
There was no significant correlation between the time between injury and death and both IL6 and IL1-
B values, but there was a significant negative correlation between the time between death and autopsy
and the value of IL1-B. However, a similar correlation was not detected concerning IL6. So, TGF-a
and IL6 were independent predictors for wound age determination, while IL1-p was a dependent one.

In this study, the estimation of the wound age, the time between injury and death, and the time
between death and autopsy could be calculated using specific regression equations. Conclusion and
recommendations: The quantitative analysis of pro-inflammatory cytokines in wound extracts can
contribute to determining vitality and wound age.

INTRODUCTION

In forensic medical investigations, it is
crucial to identify whether an autopsy wound
was inflicted before or after death, and if so,
how long before death it was sustained.
Biological variability provides a large margin
of uncertainty, allowing for a range of
probability but never an exact time span. The
alterations will also differ depending on the
extent of the wound, the kind of lesion (bruise,
abrasion, incision, or laceration), the tissue
(epidermal or mesodermal), the presence of
infection, and the victim's age and condition
(Saukko & Knight, 2004).

Antibodies have evolved into a potent
diagnostic tool to identify specific antigens in
situ. Immunohistochemistry is becoming more
critical in pathology and the diagnostic

pathology of several organ systems due to the
wide availability of immunological markers.
(Buchwalow & Bocker, 2010).

Immunoassays are tests in  which
antibodies are used as reagents. Enzyme
immunoassays utilize enzymes connected to
one of the reactants in an immunoassay to
enable quantification by color development
following the addition of an appropriate
substrate/chromogenic. As previously stated,
ELISAs include the sequential addition and
reaction of reagents to a solid phase-bound
material, followed by incubation and washing
processes to separate bound and free reagents.
(Crowther, 1995).

Transforming growth factor-o (TGF-a) is
a polypeptide growth factor that belongs to a
family of ligands that bind the epidermal
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growth factor receptor (EGFR) (Harris et al.,
2004). It functions as a pleiotropic effector
molecule  embryonic  development  and
pathological processes, including wound
healing and cancer progression. The ligation of
EGF and TGF- to the EGF receptor initiates
the various actions of EGF and TGF- on
dermal fibroblasts. (Ellis et al., 2007).

The pro-inflammatory factors interleukin
1-B (IL1-B) participate in the early stage of
wound healing (inflammation). They may
persist or reappear in the two following periods
(formation of granulation tissue and
remodeling). Numerous cell types, including
macrophages, release  pro-inflammatory
cytokines, endothelial cells, and keratinocytes
(Grellner, 2005).

This work aimed to compare the
biochemical (inflammatory cytokines IL1-p
and IL6) and the immunohistochemical (TGF-
a) techniques, as tools for determining the
wound aging in cadavers (whether antemortem
or postmortem) and their relation to other
factors related to the wound.

SUBJECTS AND METHODS:

Fifty Specimens of skin and subcutaneous
tissue (1x1 cm) were excised from 50
cadavers. They were obtained from the
forensic autopsy room, Zenhom morgue,
Ministry of Justice, Cairo. These wounds were
(stab wounds, incised wounds, and lacerations)
excluding firearm wounds and malignant
tumors. The present study included 11 females
(22%) and 39 males (78%) aged between 4
months and 82 years.

The skin samples were taken parallel to
the wound margin.

These wounds had known post-infliction
intervals (wound age) ranging from 0.5- 48
hours.

This post-infliction interval (wound age)
was divided into two periods of time:

1) The time between injury and death
ranged between 0.5 and 24 hours

2) The time between death and autopsy
ranged between 1.5 and 24 hours

For every specimen, the following data
were collected and tabulated: Age and gender
of the cadaver, history of widespread disease,
the interval between injury and death, the time
between death and autopsy, type of wound,
and presence of other wounds. Some exclusion
criteria included firearm wounds, severe
malnutrition, malignant diseases, metabolic

disorders, history of receiving cytotoxic agents
or corticosteroids that may influence wound
healing.

The wound specimen was divided into
two halves:

. The first specimen was preserved
in a deep freeze at —27°C until subsequent
biochemical estimation of IL-6 & IL-1B levels
using the ELISA Technique with the use of a
kit supplied by Quantakine R & D system
(USA) (Growther, 2005).

o The second half was fixed in 10%
formaldehyde  solution with  phosphate-
buffered saline (PBS at ph 7.2) and then was
embedded in paraffin blocks for the
subsequent immune-histochemical study of
(TGF-a) by radioimmunoassay (RIA) provided
by Keith Mostov, UCSF according to
Franklin et al. (2005).

Statistical analysis:

The data was examined using the SPSS
statistical software version 15. The information
was presented quantitatively as mean SD,
median, minimum, and maximum. We utilized
the frequency and percentage of qualitative
data. To compare groups, the non-parametric
Kruskal Wallis Anova test was employed,
followed by Mann Whitney "U" tests if
significant. To analyze the link between
different numerical variables, Spearman's non-
parametric correlation was utilized. The Chi-
square test was used to evaluate the association
between qualitative factors. The wound age
was calculated using regression models based
on the collected data. The significance
threshold was chosen at p less than 0.05.

RESULTS

The present study included 11 females (22%)
and 39 males (78%). The individual ages
varied from 4 months to 82 years, with a mean
of 30 years and three months 19.88. There
were six instances (12%) in the first decade, 16
(32% in the second decade), 8 (16%) in the
third decade, 8 (16%) in the fourth decade, 3
(6%0) in the fifth decade, 5 (10%) in the sixth
decade, and one (2%) in the seventh decade, 2
(4%) in the eighth decade and one (2%) in the
ninth decade.

For estimating time intervals between injury
and death in the studied cases; There were 20
cases (40%) in the time interval A (up to 30
minutes), 13 cases (26%) in the time interval B
(31-60 minutes), 10 (20%) in the time interval
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C (61-120 minutes) and 7 cases (14%) in the

time interval D (more than 120 minutes)

(Table 1).

Table (1): Time interval between injury and
death

Time Frequency Percent
Up to 30 min 20 40.0
31—60 min 13 26.0
61—120 min 10 20.0
> 120 min 7 14.0
Total 50 100.0

Considering the type of wound in the
studied cases, there were 19 cases (38%) with
contused wounds, 10 cases (20%) with cut
wounds, and 21 (42%) with stab wounds
(Table 2).

Table (2): Number and percentage of different
types of wounds

Fig. 1: showing the relation between the
different wound age and the IL-1p

* Indicate statistical significant difference
between group 1 (< 24 hours) and the other 2
groups regarding the IL-1 level.

Table (3): Descriptive data and cytokine
levels of the studied subjects

Type of wound | Frequency | Percent
Contused 19 38.0
Cut 10 20.0
Stab 21 42.0
Total 50 100.0

As regards the sites of wounds in the
studied cases, there were 7 cases (14%) with
injuries in the abdomen, 2 cases (4%) in the
arms, 1 case (2%) in the back, 11 cases (22%)
in the chest, 7 cases (14%) in the face, 6 cases
(12%) in the forehead, 7 cases (14%) in hands,
1 case (2%) in the head, 1 case (2%) in one
leg, 4 cases (8%) in the neck and 3 cases (6%)
in the thighs.

The descriptive data and cytokine levels
of the studied subjects are shown in (Table 3):
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Age Time Time IL6 | IL1-
between | between B
injury death
and and
death | autopsy
(hours) | (hours)
N 50 50 50 50 50
Mean 30.30 1.98 2449 | 30.89 | 15.20
Std. 19.88 4.03 8.13 17.89 | 7.92
Deviation
Median 26.50 1.00 24.00 | 30.05 | 16.60
Minimum | 0.04 10 1.50 8.10 | 1.60
Maximum | 82.00 | 24.00 48.00 | 88.20 | 29.50
50.004
40.00 4
2

30.00

20.00

10.00 4

<24 24--- 48---

Wound age groups

Fig 2: showing the relation between the
different wound age and the IL-6 with no
statistically significant difference between the
different groups regarding the IL-6 levels.

Immunohistochemical parameter:
Concerning TGF-a; it was found (positive) in
26 cases (52%) (Fig. 4) & not found (negative)
in 24 cases (48%) (Fig. 3).
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Figure (3): TGF-a: shows no immune-reaction in the median epidermis (hegative reaction)
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Figure (4): TGF-a: shows increase in immune-reaction in the median epidermis (positive reaction).

Sex difference and TGF-a status: no correlation between sex and the test results
It was found that TGF-o was negative in 4 and TGF-a level (Table 4).

females and 20 males and was positive in 7

females and 19 males. Chi-Square There was

Table (4): Chi-Square test between gender and the TGF-a

Gender
Female Male Total

negative Count 4 20 24
% within gender 36.4% 51.3% 48.0%

TGF alpha positive Count 7 19 26
% within gender 63.6% 48.7% 52.0%

Total Count 11 39 50
% within gender 100.0% | 100.0% | 100.0%
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Relation between wound ages and TGF-a(Table5):
Table (5): TGF-a status according to the different wound ages (H)
TGF alpha Total
negative | positive
Count 10 8 18
<24 0, 1thi 0] 0, [0)
Wound Age_ % within TGF alpha 41.7% | 30.8% 36.0%
Groups (|n Count 13 15 28
hours) 24 % within TGD alpha 54.2% | 57.7% 56.0%
Count 1 3 4
48 % within TGF alpha 4.2% 11.5% 8.0%
Total Count 24 26 50
% within TGF alpha 100.0% | 100.0% 100.0%
There was no association between the wound age and TGF-a (Table 6).
Table (6): Chi—square test between the wound age and TGF-a.
Value Asymp. Sif. (2-sided)
Pearson Chi-square 1.287 525
The relation between type of wound and TGF-a was shown in (Table 7):
Table (7): Relation between type of wound and TGF-a
Type of wound
Contuse | Cut Stab Total
d
TGF negative Count 8 7 9 24
alpha % within Type of wound 44.4% 70.0% 40.9% 48.0%
positive Count 10 3 13 26
% within Type of wound 55.6% 30.0% 59.1% 52.0%
Total Count 18 10 22 50
% within Type of wound 100.0% | 100.0% 100.0% | 100.0%
Chi-Square analysis showed no correlation including cuts, contusions, or stabbings.
between TGF- levels and the kind of wound, (Table 8).
Table (8): Chi-Square test between type of wound and TGF-a,
Value Df Asymp. Sig.
(2-sided)
Pearson Chi- | 2.473a 2 290
Square
Likelihood Ratio 2.520 2 284
N of Valid Cases 50
The relation between the time interval between (Table 9).

injury and death and TGF-o was shown in
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Table (9): relation between time interval between injury and death and TGF-a levels.
TGF alpha Total
negative | positive
Up to | Count 18 2 20
30 % Within TGF alpha | 75.0% 7.7% 40.0%
Time between injury and | 31-60 Count 6 7 13
death group % Within TGF alpha | 25.0% | 26.9% | 26.0%
61-120 | Count 0 10 10
% Within TGF alpha | .0% 26.9% 14.0%
>120 Count 0 7 7
% Within alpha 0% 26.9% | 14.0%
Count 24 26 50
Total % Within alpha 100.0% | 100.0% | 100.0%
There was a significant association between (p<0.000**) (Table 10).
time between injury and death and TGF-a
Table (10): Chi-square test between time between injury and death and TGF-a.
Value Asymp. Sig. (2-sided)
Pearson Chi-Square 29.845 .000
The relation between the time interval was shown in (Table 11).

between injury and death and cytokines level

Table (11): Cytokines level according to time interval between injury and death.

Time between injury IL6 | IL 1-

and death B

Up to 30 N 20.00 | 20.00
Mean 33.89 | 13.94
Std. Deviation 21.36 | 6.62
Median 32.15 | 16.30
Minimum 8.10 | 2.40
Maximum 88.20 | 24.30

31—60 N 13.00 | 13.00
Mean 32.29 | 18.95
Std. Deviation 13.76 | 7.64
Median 33.40 | 20.30
Minimum 8.50 | 2.90
Maximum 54.20 | 27.50

61—120 N 10.00 | 10.00
Mean 24.10 | 14.39
Std. Deviation 14.45 | 8.72
Median 21.50 | 17.00
Minimum 8.60 | 1.60
Maximum 52.70 | 24.20

> 120 N 7.00 | 7.00
Mean 29.44 | 13.00
Std. Deviation 19.04 | 9.99
Median 28.20 | 10.30
Minimum 8.60 | 2.70
Maximum 56.30 | 29.50
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Non-parametric Correlations (Spearman's rho) between the investigated parameters were presented in

(Table 12):
Table (12): Correlations between the investigated parameters in the studied subjects
IL6 IL 1-p
Spearman's Age Correlation Coefficient -.164 .069
rho Sig. (2-tailed) .256 .632
N 50 50
Time between injury and | Correlation Coefficient -.152 .025
death (hours) Sig. (2-tailed) .292 .863
N 50 50
Time between death and Correlation Coefficient -.230 -.390(**)
autopsy (hours) Sig. (2-tailed) .108 .005
N 50 50
IL6 Correlation Coefficient 490(**)
Sig. (2-tailed) .000
N 50
IL 1 beta Correlation Coefficient 490(**)
Sig. (2-tailed) .000
N 50

** Correlation is significant at the 0.01 level (2-tailed).

-There was a strong negative association
between the time between death and autopsy.
And the value of IL1-p (r= -0.390, p<
0.005**); however, a similar correlation was

not detected concerning IL6.
No statistical significant difference was found
between the time between injury and death

and, both IL6 and IL1-B (Table 13).

Table (13): Kruskal Wallis test between time interval between injury and death and, both IL6

and IL1-B.

IL6 IL 1-B
VALUE 1.935 4.396
P-VALUE 586 222

a Kruskal Wallis Test

b Grouping Variable: Time between injury and death groups

There was no statistical significant difference between males and females concerning the IL1-3
and IL6 (Table 14).
Table (14): Mann-Whitney test between gender and both investigated cytokines

IL6 IL 1-p
Mann-Whitney U | 210.000 175.000
z -.105 -.925
p-value 916 355

There was no statistical difference between the different wounds types and the investigated
cytokines (Table 15).
Table (15): Kruskal-Wallis test between the type of wounds and the investigated cytokines

IL 6 IL 1-p
Value 1.841 3.655
p-value .398 161

Regression analysis:

Regression analysis revealed that TGF-o
was an independent predictor for time interval
between injury and death while, IL1-p and I1L6

were dependent predictors (Tables 16, 17 and

18).

a. Dependent Variable: Time between

injury and death
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Table (16): Model Summary

Model | R Square
1 557
Table (17): ANOVADb
Model F Sig.
Regression 19.303 .000a

a. Predictors: (Constant), TGF-a, Cytokines IL 1-B, Cytokines IL 6
b. Dependent Variable: Time interval between injury and death group

Table (18): Regression analysis between the time interval between injury and death and, IL1-8,

IL6 and TGF-a
. . 959% Confidence
Unstandardized Coefficients _ Interval for B

Model t Sig. Lower Upper
B Std. Error Bound Bound

1 (Constant) -.165 423 -.390 .698 -1.017 .687

IL6 -.001 .007 -222 .826 -.015 .012

IL 1-B -.009 .015 -.620 .539 -.038 .020

TGF alpha 1.597 215 7.437 .000 1.165 2.029

Regression analysis:

Regression analysis revealed that TGF-a
and IL1-B were independent predictors for
wound age while IL6 was a dependent
predictor (Tables 19, 20 and 21).

a. Predictors:  (Constant),
Cytokines IL 1-B, Cytokines IL 6
b. Dependent Variable: wound age

TGF-o,

obtain the value of the unknown wound age
when one or more of these cytokines is known
as follows:

-Time interval between injury and death =
1.597-0.001 * IL6 — 0.009* IL1-B — 0.165 (if
TGF is + ve).

-Time between death and autopsy =
2.919- 0.011 * IL6 —0.017 *IL1-p —1.862 (if
TGF is + ve).

- Wound Age =22.997 + 6.077 *1— 0.343

a. Dependent Variable: wound age
Regression equations were constructed to

Table (19): Model Summary

*|L1-p —0.018 *IL6 (if TGF is + ve).

Model | R Square
1 .198
Table (20): ANOVADb
Model F Sig.
1 Regression 3.776 .017a

Table (21): Regression analysis between the wound age and, IL1-B, IL6 and TGF-a.

Unstandardized 95% Confidence
Coefficients . Interval for B
Model B Std. t Sig. Lower Upper
Error Bound Bound
1 (Constant) 22.997 4.851 4741 .000 13.232 32.761
IL 6 -.018 .075 -.238 .813 -.168 132
IL 1-B -.343 167 -2.053 .046 -.679 -.007
TGF alpha 6.077 2.460 2.470 .017 1.125 11.030
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DISCUSSION:

In forensic medical investigations, it is

critical to ascertain whether a wound seen at
autopsy was inflicted before or after death, and
if so, how long before death it was received.
Histochemicaland immunohistochemical
approaches have been extensively investigated
in recent years, mostly on animals, with certain
examples raising concerns about their
applicability to humans. A broad range of
indicators have been reported to be reliable for
both  differentiating  antemortem  and
postmortem injuries as well as dating ante-
mortem wounds. (Saukko and Knight, 2004).

Cutaneous wound healing is a

complicated process with several mechanical
factors influencing the quality and speed of
healing. The function of mechanical forces in
controlling tissue development, healing, and
remodelling was discovered more than a
century ago. Such pressures impact gene
expression, the manufacture of growth factors
and inflammatory mediators, and cellular
activities such as the proliferation of humerous
load-sensitive cells. (Aghaet al., 2011).

FGFs (fibroblast growth factors) are a
diverse group of polypeptide growth factors
that play important roles in cell signalling,
proliferation, and differentiation (Finch and
Rubin, 2004). A number of growth factors and
cytokines have been discovered, including
transforming growth factor alpha (TGF-),
interleukin-1b (IL-1b), platelet-derived growth
factor-BB (PDGF-BB), and tumour necrosis
factor- (TNF-) to increase keratinocyte growth
factor (KGF) production. (Wang et al., 2010).
In Forensic clinical medicine, the causal link
The relation between death and any wounds
must be evaluated, and forensic pathologists
must always distinguish between antemortem
and postmortem damage. Furthermore, when
the wound is serious, determining how long it
was there prior to death is critical. (Kondo and
Ishida, 2010).

Concerning the reported demographic
data and regarding the number and percentage
of each gender in the studied cases, there were
39 males (78%) and 11 females (22%). This
was in accordance with (Ibrahim, 2007) who
found that the number of male victims was
significantly higher (64%) than that of female
victims.

Similarly, Coyne-Beasley et al. (2005)
found that there is a gender discrepancy in
firearm ownership reporting in terms of the

quantity and kind of guns held.

Men in the United States are roughly
twice as likely as women to be hospitalised
with a brain injury. This masculine hegemony
was reported by Olson (2005) to be worldwide.

Considering the number and percentage of

each body-built status of the studied cases,
there were 26 of cases (52%) of average built,
9 cases (18%) fatty, 3 cases (6%) muscular and
12 cases (24%) skinny.

This was in accordance with Flower et al.
(2003) who The magnitude of the basal release
was shown to be the most remarkable
differential in IL-6 Even in these non-obese
patients, primary biliary cirrhosis released
more than adipose tissue and adipocytes. They
discovered a two-fold increase in IL-6 levels
across the subcutaneous adipose tissue bed in a
study that included both men and women with
a higher BMI and percentage body fat. They
discovered significant basal release of IL-6
from abdominal subcutaneous adipose tissue in
these people, but only a 30% rise in the venous
sample compared to the arterial sample.
Similarly, Genton et al. (2012) concluded that,
a low fat-free mass index is an independent
risk factor of mortality in elderly subjects,
healthy at the time of body composition
measurement.

Regarding the cause of death in the
studied cases in the present work, it was found
that 33 cases (66%) died from hemorrhage,
one case (2%) died from cardiac tamponade,
one case (2%) died from cutthroat, 2 cases
(4%) died from gunshot, 13 (26%) died from
brain injury, one case (2%) died from
smothering and one case (2%) died from
strangulation.

As regards the percentage of general
diseases in the studied cases; there were 8
cases (16%) with coronary heart disease
(CHD), one case (2%) with diabetes mellitus
(DM), one case (2%) with hypertension, 2
cases (4%) had both (DM) and hypertension,
one case (2%) with rheumatic heart disease
(RHD) and 37 cases (74%) with no general
disease.

In general, a wide range of natural
disorders may impact the levels of pro-
inflammatory cytokines (mainly systemic).
The local determination of growth factors and
wound mediators in skin wounds, particularly
healing; The biochemical features of growth
factors and their relationship to normal skin of
the same person theoretically prohibit
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theoretically feasible
(Grellner et al., 2000).

For estimating time intervals between
injury and death in the studied cases; There
were 20 cases (40%) in the time interval A (up
to 30 minutes), 13 cases (26%) in the time
interval B (31-60 minutes), 10 cases (20%) in
the time interval C (61-120 minutes) and 7
cases (14%) in the time interval D (more than
120 minutes).

Considering the type of wound in the
studied cases; there were 19 cases (38 %) with
contused wounds, 10 cases (20%) with cut
wounds and 21 (42%) with stab wounds.

As regards sites of wounds in the studied
cases, there were 7 cases (14%) with injuries in
the abdomen, 2 cases (4%) in arms, 1 case
(2%) in the back, 11 cases (22%) with injuries
in the chest, 7 cases (14%) with injuries in the
face, 6 cases (12%) with injuries in forehead, 7
cases (14%) with injuries in hands, 1 case
(2%) with injury in the head, 1 case (2%) with
injury in a leg, 4 cases (8%) with injuries in the
neck and 3 cases (6%) with injuries in the
thighs.

Regarding the presence of other wounds it
was found that, in 1 case (2%) there was a cut
wound; in 1 case (2%) there was another
contused wounds in the scalp; in 1 case (2%)
there was contusion; in 4 cases (8%) few
contused wounds in the scalp; 1 case (2%)
with few stabs; 3 cases (6%) with few cut
wounds; 1 case (2%) with inlet and exit
gunshot wounds; 1 case (2%) with inlet
wound; 2(4%) with multiple contusions; 4
cases (8%) with multiple contusions and
fractures; 17 cases (34%) with multiple cut and
stab wounds; 2(4%) with multiple cut wounds;
3 cases (6%) with multiple stabs; 1 case (2%)
with trephine; 1 case (2%) had two cut wounds
and rope mark and 7 cases (14%) without any
other injuries .

Regarding the age of victims in this study,
It varied from 4 months to 82 years, with a
mean of 30.3 = 19.88 years.

Similarly, Kondo et al. (2002) detected,
in their study, chemokines in human skin
wounds on individuals with ages at death
ranged from 7 to 77 years (with a mean age of
48.8 years).

On the same ground, Belmont et al.
(2012) There were 29.624 unique combat
wounds in 7.877 combat casualties among the
1.992.232 military service men serving in Irag
and Afghanistan. The combat casualty group

falsification healing

had a mean age of 26.0 years. The majority of
battle casualties were men. (98.8%).

These findings were nearly similar to
those of the study of (Pang and Skikui (1995)
where the average of the victims’ age was
found to be 26.9 years. Moreover, there
were 6 cases (12%) in the first decade, 16
(32%) in the second decade, 8 (16%) in the
third decade, 8 (16%) in the fourth decade, 3
(6%) in the fifth decade, 5 (10%) in the sixth
decade, one (2%) in the seventh decade, 2
(4%) in the eighth decade and one (2%) in the
ninth decade.

In 2007, Ibrahim found that the vast
majority of victims were in the 2nd decade (9
cases), 3rd decade (14 cases) and 4th decade
(10 cases) and the least number of cases were
found in the 6th and 7th decades (3 cases
each).

For estimation of time between injury and
death, it ranged between 0.1 and 24 hours with
a mean of 1.98 + 4.03 hours, the median time
was 1 hour.

Considering time between death and
autopsy, it ranged between 1.5 and 48 hours
with a mean of 24.49 + 8.13 hours, the median
time was 24 hours.

FGFs (fibroblast growth factors) are a
diverse group of polypeptide growth factors
involved in cell signaling, proliferation, and
differentiation. ~KGF/FGF-7  (Kkeratinocyte
growth factor/fibroblast growth factor-7) was
discovered to be secreted by mesenchymal
cells and to have a mitogenic impact on
keratinocytes. In a wound healing setting, KGF
is created through a paracrine interaction
between fibroblasts and keratinocytes. A
number of growth factors and cytokines have
been identified as capable of increasing KGF
expression, including transforming growth
factor alpha (TGF-), interleukin-1b (IL-1-b),
platelet-derived growth factor-BB (PDGF-
BB), and tumour necrosis factor- (TNF-)
(Wang et al., 2010).

TGF-o does not affect epithelial
morphology nor does it affect the distribution
of the Triton soluble or -insoluble pool of E-
cadherin (Chung et al., 2005). TGF-a induce
an equipotent stimulation of fibroblast
migration and proliferation. (TGF-a) has been
shown to stimulate adult stem cell VEGF
production (Herrmann et al., 2012).

Concerning TGF-a in the current study; it
was present (positive) in 26 cases (52%) &
absent (negative) in 24 cases (48%).
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Furthermore, TGF-a. was positive in 7
females and 19 males with the total number of
26 cases while TGF-a was negative in 4
females and 20 males with the total number of
24 cases. Chi-Square test revealed that there
was no association between sex and TGF-a
levels.

These results were in accordance with
those of Domenick & Sagib (2012) They
observed that their results in limb salvage do
not seem to be negatively influenced by gender
or age, with amputations happening less
commonly in octogenarians. Women seem to
have comparable results to men after tibial
artery endovascular intervention but may need
many operations to attain parity with men.

TGF- and TGF-bl have roles in wound
healing. TGF-, on the other hand, serves a
distinct biological function than TGFbl. TGF-
stimulates the proliferation of epidermal cells
like epidermal growth factor (EGF), while
TGF-b1 is a powerful fibrogenic growth factor
required for the deposition of extracellular
matrices like collagen fibres.

For the relationship between wound age
and TGF-o; it was found that TGF-o was
negative in 10 cases and positive in 8 cases in
wound age less than 24 hours, with total
number of 18 cases. In case with wound age
between 24 and 48 hours, TGF-a was negative
in 13 cases and it was positive in 15 cases,
with total number of 28 cases. At wound age
more than 48 hours TGF-o was negative in 1
case and it was positive in 3 cases, with total
number of 4 cases.

Chi-square test found that there was no
connection between the wound age and TGF-a

This disagreed with Grellner et al.
(2000). They detected that the quantitative
analyses of pro-inflammatory cytokines
differentiated There was a significant
difference between the wound samples from
surgical treatments and those from postmortem
investigations. They discovered that this
quantitative approach had benefits, particularly
in the very early post-traumatic phase of less
than 5 minutes.

Concerning the relation between the type
of the wound and TGF-a, it was found that
TGF-a was negative in 24 cases (48%) of the
total number of cases; 8 (44.4%) cases were
contused wounds, 7 (70%) cases were cut
wounds and 9 (40.9%) cases were stab
wounds.

However, TGF-a was positive in 26 cases

(52%) of the total number of cases; 10 (55.6%)
cases were contused wounds, 3 (30%) cases
were cut wounds and 13 (59.1%) cases were
stab wounds.

Regarding the type of wounds 70% of the
cut wounds were negative to TGF-a and 30%
of the cut wounds were positive to TGF-a.
While, 49.1% of the stab wounds were
negative TGF-a and 50.1% of the contused
wounds were positive to TGF-a. According to
the Chi-square test, there was no association
between type of wound whether cut, contused
or stab and TGF-oa.

This result was not in accordance with
Grellner et al. (2000). They reported
significant increase in cytokine having the
lowest survival time in stab and incised
wounds As a result It made logical to evaluate
the cytokine response in the skin directly using
wounds. by sharp force, according to their
findings.

Concerning the relation between time
between injury and death and TGF-o it was
found that:

-In time interval up to 30 minutes, there
were 18 cases (75%) with negative TGF-a and
2 cases (7.7%) with positive TGF-a.

- With time interval from 31 to 60
minutes, there were 6 cases (25%) with TGF-a
negative and 7 cases (26.9%) with TGF-a
positive.

- With time interval from 61 to 120
minutes, there were no cases with TGF-a
negative (0%) and 10 cases (38.5%) with TGF-
a positive so, all cases were positive for TGF-a
in this time interval.

- With time interval more than 120
minutes, there were no cases with TGF-a
negative (0%) and 7 cases (26.9%) with TGF-a
positive so, they were all positive for TGF-a.

There was a significant association
between time between injury and death and
TGF-a value (p<0.000**). This finding was a
very precious and valuable one being used for
the estimation of wound age.

Similarly, Kondo (2007) reported that the
TGF-a the expression was increased during the
first hour following damage, indicating that
they may be utilized to determine wound
liveliness.

Interleukin 1 (IL-1) and IL-6, as well as
tumor necrosis factor (TNF), all play essential
roles in the stimulation of inflammatory and
fibroblastic responses. In forensic pathology,
the expression of these biological molecules in
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skin wounds was used to determine wound
age. (Rebolledo et al., 2000). IL-6's role as an
anti-inflammatory  cytokine is  mediated
through its inhibitory effects on TNF-o andIL-
1, and activation of IL-l1ra and IL-10
(Febbraio and Pedersen, 2005).

The current investigation discovered
substantial associations between the victim's
age and the levels of both IL6 and IL1-.

These findings were somewhat consistent
with those of Yasui et al. (2008), who
discovered that blood levels of IL-4 and MCP-
1 in postmenopausal women were considerably
greater than in perimenopausal women
(p0.05*). Other serum cytokine concentrations
did not alter substantially  between
premenopausal and postmenopausal women.
As regards the relations between the gender of
victim and cytokines; it was found that there
was no significant difference between male
and female concerning the cytokines IL1-f and
Cytokines IL6.

This was in accordance with Duckworth
et al. (2012) who decided that For radial head
and neck fractures, male patients had a
younger mean age than female patients, with
no discernible gender preponderance. The
mechanism of injury was influenced by
gender, with female patients often suffering
their fracture after a low-energy fall.

This was also in accordance with
Grellner et al. (2000) who found their results
statistically independent of age, gender,
anatomical site or postmortem interval.

Furthermore, this result was in accordance
with Domenick & Sagib (2012) who
concluded that Gender or age seem to have
little effect on limb salvage results, which tend
to be equal in octogenarians, with amputations
happening less often. Women tend to have
comparable results as males after tibial artery
endovascular intervention, but may require
repeated interventions to achieve equivalent.

About the relation between time interval
between injury and death and, interleukin 6
and interleukin 1-f in the studied cases it was
found that:

-When the time interval was up to 30
minutes (time interval A), the IL6 levels
ranged between 8.10 and 88.20 with a mean
value of 33.89 + 21.36. In this time interval the
mean value of interleukin 1-p ranged between
2.40 and 24.30 with a mean of 13.94 + 6.62.

-When the time interval was up to 31-60
minutes (time interval B), the IL6 levels

ranged between 8.50 and 54.20 with a mean
value of 32.29 + 13.76. In this time interval,
the IL1-B levels ranged between 2.90 and
27.50 with a mean value of 18.95 + 7.64.

-When time interval was up to 61-120
minutes (time interval C), the value of
interleukin 6 ranged between 8.60 and 52.70
with a mean of 24.10 + 14.45. In this time
interval, IL1-B ranged between 1.60 and 24.20
with a mean value of 14.39 + 8.72.

-When time interval was more than 120
minutes (time interval D), the interleukin 6
levels ranged between 8.60 and 56.30 with a
mean value of 29.44 + 19.04. In this time
interval, the interleukin 1-p levels varying
between 2.70 and 29.50 with a value mean
equals 13.00 + 9.99.

Thus according to the non-parametric
Kruskal Wallis test, no statistical significant
difference was found between the time
between injury and death and both IL6 andIL1-
[ values.

This finding partially disagrees with
Kondo et al. (1999) who performed immuno-
histochemical and Morphometric analysis of
the temporal expression of interleukin-1la (IL-
1a) on 40 different ages of human skin wounds
In wounds, polymorphonuclear neutrophils
mainly  responded positively to IL-1a
immunohistochemically. aged 4 h to 1 day, but
neutrophils were no longer detectable as
wound age increased, and macrophages and
fibroblasts were positively stained. The IL-1a-
positive cell ratio increased significantly in
wound specimens aged 4 hours to 1 day, with a
maximal ratio of 46.5 percent in a 7 hold
wound. The mean value of the IL-la-positive
ratio in 10 wound specimens with wound ages
ranging from 4 h to 1 day was 32.8 9.7 percent.
In most instances, the ratio of IL-la-positive
cells steadily fell to less than 30% in wounds
aged 1.5 to 21 days, with a mean value of 17.5
7.2 percent (n = 27). These findings imply that
IL-1a-positive cell ratios more than 30%
indicate a post-infliction period of one day or
fewer. In the current study, when we studied
the relation between the time between death
and autopsy and the cytokines level and when
a nonparametric correlation (Spearman’s rho)
was performed it was found that:

-There was a significant negative
correlation between time between death and
autopsy and the value of IL1-p (= -0.390, p<
0.005**) however, similar correlation was not
detected concerning IL6.
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-Furthermore, there was a significant
positive correlation between IL6 and IL1-B
levels (r=0.490, p< 0.000**)

Concerning type of wound in relation to
Cytokines IL 6 and Cytokines IL1 -B; Kruskal
Wallis test revealed that there was no
significant difference between type of wound
whether cut, contused or stab and IL1-B or
between type of wound and IL 6.

The results of the present study pointed to
the beneficial effect and usefulness of the pro-
inflammatory cytokines, using histochemical
studies, for either estimation of the time
between injury and death (TGF-a) or the time
between death and autopsy (IL1-B) as well as
for wound age determination in general.

Since there was an association between
time between injury and death and TGFa level
thus, TGFa is a suitable immunohistochemical
tool or marker for the estimation of the early
part of the wound age (between injury and
death) in the studied period.

Similarly, IL1-3 was a suitable
histochemical marker for the estimation of the
late part of the wound age (between death and
autopsy), in the studied period, being
negatively correlated with the time between
death and autopsy.

Furthermore, both TGFa and IL1-f were
found to be independent predictors for wound
age determination while IL 6 was a dependent
one.

Similarly, Kondo et al. (2002) Through
morphometrical analysis in their research, they
determined that wound specimens with ages
ranging from 1 to 4 days, corresponding to the
inflammatory phase, had the greatest mean
positive ratio for these chemokines. So, from
the standpoint of forensic pathology, their
analysis revealed that IL-8, MCP-1, and MIP-
Ic were adequate as wound age indicators.

Regression equations were constructed to
obtain the value of the unknown wound age
when one or more of these cytokines is known.

In this study the following regression
equations were constructed:

-Time interval between injury and death =
1.597-0.001 * IL6 — 0.009* IL1-B — 0.165 (if
TGF is + ve).

- Wound Age =22.997 + 6.077 *1— 0.343
* |L1-B — 0.018 *IL6 (if TGF is + ve).

-Time between death and autopsy =
2.919- 0.011 * IL6 —0.017 *IL1-B —1.862 (if
TGF is + ve).

Thus by the use of these equations, it will

be easy and practical to obtain the value of the
wound age providing that we have the value of
TGFa and providing that this tissue uptake this
marker (TGFa positive).

The results of this study were in
accordance with (Grellner et al., 2000) as they
concluded that: Given the conditions,
guantitative examination of pro-inflammatory
cytokines in wound extracts may aid in the
assessment of vitality and wound age,
particularly in the very early post-traumatic
interval (vitality of typical stab wounds) and
also in the later stages of the wound healing
process.

Conclusion and recommendations: In
this study, the estimation of the wound age,
time between injury and death as well as time
between death and autopsy could be calculated
from the following equations:

-Time interval between injury and death =
1.597—0.001 * IL6 — 0.009* IL1-B — 0.165 (if
TGF is + ve).

-Wound Age =22.997 + 6.077 *1- 0.343
*IL1-B —0.018 *IL6 (if TGF is + ve).

-Time between death and autopsy =
2.919- 0.011 * IL6 —0.017 *IL1-p —1.862 (if
TGF is + ve).

The proposed recommendations are:
Autopsy should be performed as soon as
possible in cases of traumatic events to avoid
loss of important findings due to autolysis of
tissues. Using biochemical (inflammatory
cytokines) and immunohistochemical (TGF-a)
techniques as tools for determining wound
aging in cadavers. Further research, using
larger sample, are needed to spread light on the
role of inflammatory cytokines and growth
factors in determination of wound age.

REFERENCES

Agha, R.; Ogawa, R.; Pietramaggiori, G.; et
al. (2011): A review of the role of
mechanical forces in cutaneous wound
healing. J. Surg. Res., 171: 700-708.

Belmont, P.; McCriskin, B.; Sieg, R. et al.
(2012): Combat wounds in Irag and
Afghanistan from 2005 to 2009. J Trauma
Acute Care Surg., 73(1): 3-12.

Buchwalow, 1. and Bocker, W. (2010):
Immunohistochemistry: Basics  and
Methods.  Springer  Verlag  Berlin
Heidelberg.

Chung, E.; Graves-Deal, R.; Franklin, J. et
al. (2005): Differential effects of
amphiregulin and TGF-a on the

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 22 (3), September 2022


http://www.ncbi.nlm.nih.gov/pubmed?term=Belmont%20PJ%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=22743366
http://www.ncbi.nlm.nih.gov/pubmed?term=Belmont%20PJ%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=22743366
http://www.ncbi.nlm.nih.gov/pubmed?term=Sieg%20RN%5BAuthor%5D&cauthor=true&cauthor_uid=22743366
http://www.ncbi.nlm.nih.gov/pubmed/22743366
http://www.ncbi.nlm.nih.gov/pubmed/22743366

Eldessouky et al.

56

morphology of MDCK cells. Exp. Cell
Res., 309: 149 — 160.

Coyne-Beasley, T.; Baccaglini, L.; Johnson,
R.M. et al. (2005): Do partners with
children know about firearms in their
home? Evidence of a gender gap and
implications for practitioners. Pediatrics,
115(6): 662-667.

Crowther, J.R. (1995): ELISA: Theory and
Practice. Meth. Mol. Biol.; 42: 1-218.
Domenick, N. and Sagib, N.U. (2012);
Impact of Gender and Age on Outcomes
of Tibial Artery Endovascular
Interventions in Critical Limb Ischemia.

Ann Vasc Surg. 19: 321-36.

Duckworth, A.; Clement, N.; Jenkins, P. et
al. (2012): The epidemiology of radial
head and neck fractures. J. Hand Surg.
Am., 37(1):112-119.

Edwin, F.; Wiepz, G.; Rakesh, S.R. et al.
(2006): A Historical Perspective of the
EGF Receptor and Related Systems. In:
Epidermal Growth Factor Methods and
Protocols: Patel T. and Bertics P, 1st ed.
Humana Press Inc.

Ellis, 1.; Schor, A. and Schor, S. (2007): EGF
AND TGF-0. motogenic activities are
mediated by the EGF receptor via distinct
matrix-dependent mechanisms. Exp. Cell
Res., 313: 732 — 741.

Febbraio, M. and Pedersen, B. (2005):
Contraction-induced myokine production
and release: is skeletal muscle an
endocrine organ? Exerc. Sport Sci. Rev.,
33 (3): 114-119.

Finch, P.W. and Rubin, JS. (2004):
Keratinocyte  growth  factor/fibroblast
growth factor 7, a homeostatic factor with
therapeutic  potential ~ for  epithelial
protection and repair. Adv. Cancer Res.,
91: 69-136.

Flower, L.; Gray, R.; Pinkneyb, J. et al.
(2003); Stimulation of interleukin-6
release by interleukin-1b from isolated
human adipocytes. Cytokine, 21: 32-37.

Franklin, J. L.; Franklina, I.; Yoshiurab, K.
et al. (2005): Identification of MAGI-3 as
a transforming growth factor-atail binding
protein. Exp. Cell Res., 303: 457-470.

Genton, L.; Graf, C.E.; Karsegard, V.L.; et
al. (2012): Low fat-free mass as a marker
of mortality in community-dwelling
healthy elderly subjects. Age Ageing. Jul
11. [Epub ahead of print].

Grellner, W., Vieler, S. and Madea, B.

(2005): Transforming growth factors
(TGF-a and TGF-bl) in the determination
of  vitality and wound age:
immunohistochemical study on human
skin wounds. Forensic Sci. Int.; 153; 174-
180.

Grellner, W.; Georgb, T. and Wilskea, J.
(2000):  Quantitative  analysis  of
proinflammatory cytokines (IL-1b, IL-6,
TNF-a) in human skin wounds. Forensic
Sci. Int., 113: 251-264.

Harris,_H.; Kirschenlohr, H.; Szabados, N.;
et al. (2004): Transforming growth factor-
B1 inhibits thrombin activation of
endothelial cells. Cytokine; 25(3): 85-93.

Heldin, C.H. and Westermark, B. (1999):
Mechanism of action and in vivo role of
platelet-derived growth factor. Physiol.
Rev., 79: 1283-1316..

Herrmann, J.; Fiege, J.; Abarbanell, A. et
al. (2012): TGF-a Equalizes age
disparities in  stem  cell-mediated
cardioprotection. J. Surg. Res., 176(2):
386-394.

Ibrahim, N.S. (2007): Trauma—Induced Brain
Changes In Cases of Closed Head
Injuries. Thesis. Ain Shams University.

Kondo, T. (2007): Timing of skin wounds.
Legal Med., 9: 109-114.

Kondo, T. and lIshida Y. (2010): Molecular
pathology of wound healing. Forensic Sci.
Int.; 203: 93-98.

Kondo, T.; Ohshima, T. and Eisenmenger,
W. (1999): Immuno-histochemical and
morphometrical study on the temporal
expression of interleukin-lo. (IL-1a) in
human skin wounds for forensic wound
age determination. Int. J. Legal Med.,,
112:249-252.

Kondo, T.; Ohshima, T.; Mori, R. et al.
(2002):  Immunohistochemical detection
of chemokines in human skin wounds and
its  application to  wound age
determination. Int. J. Legal Med., 116: 87-
91.

Olson, D.A. (2005): Head
Injury@www.emedicine.com.

Omoigui, S. (2007): The Interleukin-6
inflammation pathway from cholesterol to
aging: Role of statins, bisphosphonates
and plant polyphenols in aging and age-
related diseases. Immunity & Ageing; 10:
1742-4.

Pang, Z. and Shikui, C. (1995): Study of
Electrocution Death by Low-Voltage.

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 22 (3), September 2022


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coyne-Beasley%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baccaglini%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Johnson%20RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Johnson%20RM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/15930193
http://www.ncbi.nlm.nih.gov/pubmed?term=Domenick%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22717357
http://www.ncbi.nlm.nih.gov/pubmed?term=Saqib%20NU%5BAuthor%5D&cauthor=true&cauthor_uid=22717357
http://www.ncbi.nlm.nih.gov/pubmed/22717357
http://www.ncbi.nlm.nih.gov/pubmed?term=Duckworth%20AD%5BAuthor%5D&cauthor=true&cauthor_uid=22119600
http://www.ncbi.nlm.nih.gov/pubmed?term=Clement%20ND%5BAuthor%5D&cauthor=true&cauthor_uid=22119600
http://www.ncbi.nlm.nih.gov/pubmed?term=Jenkins%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=22119600
http://www.ncbi.nlm.nih.gov/pubmed/22119600
http://www.ncbi.nlm.nih.gov/pubmed/22119600
http://www.ncbi.nlm.nih.gov/pubmed?term=Genton%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22789764
http://www.ncbi.nlm.nih.gov/pubmed?term=Graf%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=22789764
http://www.ncbi.nlm.nih.gov/pubmed?term=Karsegard%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=22789764
http://www.ncbi.nlm.nih.gov/pubmed/22789764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirschenlohr%20H%5BAuthor%5D&cauthor=true&cauthor_uid=14698134
https://www.ncbi.nlm.nih.gov/pubmed/?term=Szabados%20N%5BAuthor%5D&cauthor=true&cauthor_uid=14698134
https://www.ncbi.nlm.nih.gov/pubmed/14698134
mailto:Injury@www.emedicine.com

Eldessouky et al.

57

Forensic Sci. Int.; 76: 115-1109.

Rebolledo G. M, Rebolledo G. AP and
Oehmichen M. (2000): Ag NORs during
the process of wound healing. Time
dependency as evaluated in vital and
postmortem biopsy. Int. J. Legal Med.,
113: 244-246.

Saukko, P. and Knight, B. (2004): Knight's
Forensic pathology. 3rd ed. Edward
Arnold publishers. Pp. 174-221.

Wang, X.; Heather, H. and Kao, W. (2010):
The effects of TGF-a, IL-1b and PDGF
on fibroblast adhesion to ECM-derived
matrix and KGF gene expression.
Biomaterials, 31: 2542-2548.

Wenczak, B.; Tynch, J. and Nanney, T.
(1992): Epidermal growth factor receptor
distribution in burn wounds. Implications

for growth factor-mediated repair. J. Clin.
Invest., 90: 2392—-2401.

Werner, S. and Ggrose, R. (2003):
Regulation of Wound Healing by Growth
Factors and Cytokines. Physiol. Rev., 83:
835-870.

Yasui, T.; Uemura, H.; Yamada, M. et al.
(2008): Associations of interleukin-6 with
interleukin-1b, interleukin-8 and
macrophage inflammatory protein-1b in
midlife women. Cytokine, 41: 302-306.

Yoshii, T.; Magara, S.; Miyai, D.; et al.
(2002): Local levels of interleukin-1-B, -
4,-6 and tumor necrosis factor-o. in an
experimental model of murine
osteomyelitis due to staphylococcus
aureus. Cytokine; 19(2): 59-65.

Egypt J. Forensic Sci. Appli. Toxicol.

Vol 22 (3), September 2022



Eldessouky et al. 58

ol padlal)
Sl bl () Jilha GlgillY 5 jaaal) 4y slal) S jaall 1z g ) jas il
Ay
Olaadas Jaud M&Ac**h\b\ﬁ‘ uéy.'ﬂ Sl e adly daal uiﬁ.l e Jus ban) Gl A Jla susj,u.m daa) Gadad
orx Jal)

ﬁé‘ﬁﬁm\hleghﬂ;\,ﬁs**ub‘ﬂ“ehc*@ﬂ\%ﬁﬂ\;w‘ caﬁﬁﬂ\ejmdbgcﬂ\gﬂ\eh@i
wﬂ\&ubgﬂ\&\ﬁ***%ﬁ}d\?‘gﬁd\?&e‘gg&ﬂ\gﬂ\

eus‘u;llc_a)umAPJA\C)Q\ULSL\\:\maﬂ&,mw\dum}d\wﬁ\ubwnd&@
cU}S\u}hG.\;C);“)AL}Auﬁob)j\dﬂuhdﬂu&b\}ab)”.lx.aj\d.ﬁd_a\h\

Yoo Lial) Al oliasl 5 Alealll) 45 glal) S jaall Ay gaad) o luasl L8 A5 Hlial Lea ga IS Janll 138
38 a3 2 el Aalall (o Al Jal sally pgtlle 5 Eindl bz 5 sall jee anad il Y - J il gaill Jale
By-agiliy o e S5l aglan 940 e s m age An 50 Ge sl Cini e a5 alall e Clie
eall 588,19 <l yailll Jalaa 54w 3,30 Wanall el Jase OIS 5%( 78( 18239 5%( 22( (i 11 1548
A 82 ee ) 5 Hsed 4 see yal 545 526 OIS sl

Ll 56 5151 (o 01 el 5 Ui 1 (5150 5130l paall i 1 s S e - 55l e 31 o
Al e liall  AlasS Gull) o) 5 ) daill gad Jale apil

e 0 e 5 6 S s e Al e e 5 S b Aille Chan g 1l Lo il el
T 1 O il Aoy A

1 O d01 5 60S sl ) o 0 S paall L1 8 S e 5 5 53 (53l (55 )
G sl 1 OS5 56 S SU Ge dSAad 53l 5 dlialll Gale a3l (i (5 e 53 38 2 o) AIXS Ly
Al ABae Al 55 o0 (80 5 iy 1 (5150 A g ) 551850 (e (o 3 (o 5 S 3 Al e
6 0S5l

Ll e Ol plige 6 S sl 5 Wl Al gai Jale e JIS Gl a5 7 g oadl jend aal il Aslaa gl

e e piselin ] S 5100 lain 5l jae

23 L gl 3 58 1) gy o3l Ll 5 3l Al Gy 3l ez sl e s ol Rl il 03 (5
@u\.@-ﬂy 3as4l) 4.“3;1\ u\SJMﬂ ‘;ASS\ d,)&;.\n o M\JJ\ FRYY w@.\.\u.\u\u&z\j_mM\ @\)ﬂ\ Gllales
Tl sae sdisa el L o) (Sar 7 goall paldiee

Egypt J. Forensic Sci. Appli. Toxicol. Vol 22 (3), September 2022



