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Abstract
Timing of brain contusions is based on the reparational morphological tissue changes that
happen at a certain period after the injury. The earliest appearance of a certain parameter
determines the minimal age of the lesion. Siderophages are cellular elements which
appearance is time-dependent and hence they can be used in the forensic estimation of
the age of injuries along with the other elements of the healing process. The aim of this
study was to determine the earliest appearance of siderophages by microscopic analysis of
brain contusions with different survival period. In addition, the presence of hematoidin was
examined. Our results, both for siderophages and hematoidin, are in agreement with the
present knowledge especially in groups with longest surviving time. We can safely use

siderophages and hematoidin for determining the age of lesions, in addition to other
parameters.

Key words: age of injury, cerebral contusions, siderophages, hematoidin

CHIEPO®ATH KAKO IAPAMETAP 3A JIETEPMUHHMPAILE HA
BPEMETO HA HACTAHYBABKBE HA MO3OUYHUTE KOHTY3MHA

MzBamox

OppenyBame Ha BpeMeTO Ha HacTaHyBale Ha MO30UHHTE KOHTY3MH ce Oasmpa Ha
MOpP(OJIOIKNTE MPOMEHH BO TKHBOTO 3a BpeMe Ha IIPOLECOT Ha 3a3[paByBarbe.
HajparoTro nojaByBame Ha ofpefeH IapamMeTap ja ofpefyBa MUHUMAJIHATA CTapoCT
Ha ofperieHa nesuja. CumepodarnTe ce KIETOUEH eJIeMEHT YHelTO I10jaByBame BO
JIE3WHTE € BPEMEHCKH 32BHCHO ¥ 3aT0a BO CKIIOI CO APYTUTE EIEMEHTH IIPH IIPOIECOT
Ha 3a3[paByBaib¢ MOXKAT Jla Ce HCKOpHCTAaT Ipu (OpPeH3HYHaTa IPOIEHKA Ha
crapocTa Ha mospenuTe. 1lenta Ha oBOj TpyA Oemte, MPEKY MUKPOCKOICKA aHAIM3a Ha
MO30YHH KOHTY3HMH CO Pa3ldyeH MEPHO] Ha MPEKMBYBaE, 1a Ce OfpPEey HajpaHOTO
nojaByBake Ha cufiepodarute. [JomonHuTenHo Oemle KCIHTAHO M IPHCYCTBOTO Ha
XeMaTOMOUHOT. Hammre pesynTaTH IIOKasKaa [eKa apaMeTpPHTE KaKo IITO Ce
cupepodarnTe u XeMAaTOMAWMHOT CIOOOIHO MOXKAT ia CE KOPHCTAT BO OJPENYBAILE HA
BPEMETO Ha HACTAHYBaH-C HA MO30OUYHHUTE KOHTY3HH, 32€HO CO IPYIHTE MapaMeTpH.

Kﬂy“lHH 360pOBHI BpEME Ha IIOBpPENyBaibeE, CEJIGPO(;JEIFH, XeMaToOugnH, MO30YHHA
KOHTY3HUHA
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Introdaction

Timing of brain contusions is based on the reparational morphological tissue changes that
happen at a certain period after the injury. The earliest appearance of a certain parameter
determines the minimal age of the lesion [1]. The cerebral contusions are characterized
with early morphological changes such as perivascular bleeding, local edema or necrosis of
the tissue. These events are usually accompanied by acute inflammatory response as well
as by a reaction of microglia and cerebral macrophages with a subsequent reactive gliosis
[2-6]. This chain of events is accompanied with proliferation of astrocytes, neoangiogenesis
and fibrous glial scar [7]. After acute inflammatory response, clearing process is the next
stage of brain injury healing. This process is performed by macrophages and microglial
cells. Results from conventional histological studies show varying results concerning
temporal appearance of brain macrophages in contused lesions from few hours after injury
[8-10], 12-14 hours [11-12] to 1-2 days [13-15].

When a brain injury occurs a process of cleaning up of the dead tissue and other cellular
elements begins. Some of the cellular elements that need to be removed are the
perivascular erythrocytes and the erythrocytes in the injured tissue. The physical and
chemical removal of erythrocytes to hemosiderin is an intracellular process happening in
the macrophages. Macrophages containing hemosiderin appear as early as 3-4 days after
injury and become most prominent on the 5-7% day. The phagocytosed hemosiderin is a
product of the decomposition of iron containing hemoglobin. Siderophages may be present
in 20 years old lesions and even longer [8]. Hematoidin is an orange-yellow pigment that
does not contain iron generated during the decomposition of hemoglobin due to iron
removal. It can be found intra- or extracellularly between the 10th and 12th day after
injury. It is easily soluble and it can be quickly removed from the lesion but also it can bind
to the connective tissue fibers and persist for a longer time [8].

Siderophages are cellular elements which appearance is time-dependent and hence they
can be used in the forensic estimation of the age of injuries along with the other elements
of the healing process. The aim of this study was to determine the earliest appearance of
siderophages by microscopic analysis of brain contusions with different survival period. In
addition, the presence of hematoidin was examined.

Material and methods

We processed a total of 30 brain contusions in individuals with different period of survival
whose autopsies were performed at the Institute for Forensic Medicine. The postmortal
interval until the autopsy in all of the cases was less than 24 hours. Exclusion criteria were
postmortem period of more than 24 hours, and knowledge of any proved former or
current pathological changes in the brain tissue. Depending on the survival period the
contusions were divided into three groups: survival period up to 100 hours, survival period
between 101-200 hours, and survival period of more than 200 hours.

The brain tissue samples were fixed in a 10% buffered formalin for a period of 5 days. After
that, they were embedded in paraffin blocks, 5 microns-thick sections were made and
stained with H&E and Hematognost Fe kit for iron ions. Siderophages were identified with
Hematognost Fe staining kit as ameboid cells which contain hemosiderin granular blue
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pigment. Hematoidin was identified with both staining methods as an extracellular yellow
pigment. )

Counting of siderophages was made on 200x magnification in whole lesion surface and
surrounding tissue. For counting we used the microscope NIKON LABOPHOT-2 and for
determining the area of the lesion we used the software Visiopharm on microscope Leica
5000 DM.

The results obtained from counting -of the siderophages and presence or absence of
hemolysis and hematoidin were analyzed with descriptive and nonparametric statistical
methods using the commercial software Statistica 6.0 [16].

RESULTS

We stained and analyzed a total of 30 contusions from cases with various survival time.
Three of these 30 contusions were excluded due to other pathological process in the brain
tissue found in the taken samples.

Descriptive statistics and tests for normality of distribution of examined parameters
(survival time, number of siderophages, presence or absence of hemolysis and hematoidin
and area of lesion) are shown in Tables 1-3 and Figures 1-4.

Table 1  Descriptive statistics: Siderophages

mgValid N Mean %Minimum 5gMaximum Std.Dev.

‘survival/h 27 161.2963 |1.000000 648.0000 169.4127
siderophages |27 |49.8889 [0.000000 [400.0000 [105.7356
| lesion/mmz 27 |18.0418 [0.228000 [128.0000 334630 |
siderophages/mm2 27 6.9987 0.000000 68.9000 |16.9670

Table 2  Frequency: Hemolysis

27 88.88889 100.0000 |
27 0.00000 1100.0000

Table3  Frequency: Hematin

7B |28

No 4 EF 27 |
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Histogram: survival/h
K-S d=.19811, p<.20 ; Lilliefors p<.01
Shapiro-Wilk W=.78418, p=.00007
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Figure 1 Distribution of survival time
Histogram: Siderophages
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Figure 2 Distribution of siderophages
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Histogram: Siderophages/mm2
K-S d=.42893, p<.Q1 ; Lilliefors p<.01
Shapiro-Wilk W=.45452, p=.00000

20
" 7,
16
14
]
2 12
B
s 10
2
8
6 e
4 ////
2 // / 777773
i W)
-10 0 10 20 30 40 50 60 70
X <= Category Boundary -
Figure 3 Distribution of siderophages/mm?
Histogram: Lesion/mm2
K-S d=.38644, p<.01 ; Lilliefors p<.01
Shapiro-Wilk W=.55286, p=.00000
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Tested parameters showed significance of Kolomogorov-Smirnov test, Lilliefors test and
Shapiro-Wilks tests, as well as a significant difference in variance. Therefore,
nonparametric tests were used for testing intergroup differences. Level of nonparametric
correlation between parameters is shown in Table 4, with significance level of p<0.05.

Table4  Level of nonparametric correlation between parameters
Spearman Rank Order Correlations

MD pairwise deleted

Marked correlations are significant at p <.05000

surviv siderophage lesion/ siderophages/m

variable ailh g hemolysis hematin - m2
survival/h 0.836 0.585 0.458 0.697
siderophages 0.836 0.502 0.518 0.479 0.860
hemolysis 0.502 0.501
hematin 0.585 0.518 0.551
Lesion/ 0.458  0.479 0.551
mm2
siderophages/ o 057 060 0501
mm2

In Table 4 only the significant correlations are shown. For testing the intergroup differences
of the analyzed parameters 27 samples were divided in three groups. The first group
consisted of cases with under 100 hours survival time, the second group consisted of cases
with 101-200 hours survival time, and the third group consisted of cases with above 200
hours survival time. Using Kruskal-Wallis test we found a significant difference for presence
of siderophages between the three groups, with p=0.0002 (p<0.01) Table 5, Figure 5.
Mann-Whitney test was used to check the difference between the groups. The results
obtained have shown a significant difference between the first and the second group
(p<0.05), as well as between the second and the third group (p<0.01) (Figure 6).

Table5  Presence of siderophages between the three groups

Kruskal-Wallis ANOVA by Ranks; Siderophages
Independent (grouping) variable: Survival - group
Kruskal-Wallis test: H (2, N= 27) =16.74988 p =.0002

. Dependent: lcode Valid : Sum of
Siderophages | . N | Ranks

Grpd 19 [63.0000
ez 2 11 1520000
e
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Boxplot by Group
Variable: Siderophages
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Figure 5 Presence of siderophages between the three groups
Boxplot by Group
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Figure 6 Difference between the groups

There was no significant intergroup difference regarding hemolysis (Table 6), and for
presence of hematin there was a significant intergroup difference between the third group
in comparison with the first and the second group (p<0.05), but there was no difference

between the first and the second group since there was no hematin in these samples
(Table 7, Figure 7).
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Tableb Presence of hemolysis in the three groups

Kruskal-Wallis ANOVA by Ranks;
Independent (grouping) variable: Survival-group
Kruskal-Wallis test: H (2, N=27) =1.969697 p =.3735

' Valid | Sum of |

D o
Dependent _

;Hemolyss N Ranks

Grpl 1 9 112.5000
Grp2 2 11 157.0000
Grp.3 3 7  108.5000

Table 7  Presence of hematin in the three groups

Kruskal-Wallis ANOVA by Ranks; Hematin
Independent (grouping) variable: Survival-group

ependent:
Hematin

Grp.1

Grp.2 2 11
3

132.0000

Grp.3 7 138.0000
Boxplot by Group
Variable: Hematin
1,2
10 o
08
5 08
= 04
02
0,0 B " —a—
c Median
0.2 T 25%-75%
' 2 3 S v
Preziv.gr.
Median Test, Overall Median = 0.00000; Hematin
Independent (grouping) variable: Survival-group
Chi-Square = 13.41615, df = 2, p =.0012
Figure 7 Comparison of hematin between the three groups
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Table8 Lesion/mm®

Kruskal-Wallis ANOVA by Ranks; Lesion/mm2
Independent (grouping) variable: Survival-group
Kruskal-Wallis test: H.(2, N=27) =2.780518 p =.?490

De‘pendent:~ c
[Lesion/mm2 |

Table9  Siderophages/mm2

Kruskal-Wallis ANOVA by Ranks; Siderophages/mm2
Independent (grouping) variable: Survival-group
Kruskal-Wallis test: H ( 2, N=27) =14.45309 p =.0007

: Bepedent: %Vahd Sum of
§Siderophages/mm ode;
i N | Ranks
Grp.1 71.5000
Grp.2 1145.5000
Grp.3 1161.0000
Boxplot by Group
Variable: Siderophages/mm2
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Independent (grouping) variable: Survival-group
Chi-Square = 14.28099, df = 2, p =.0008

Figure 9 Siderophages/mm?2
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There was no significant difference between the lesion/mm” and survival time (Table 8).
There was a significant difference between the second and the third group concerning the
presence of siderophages/mm” as well as between the third and the first group (Table 9,
Figure 9), although the difference between the first and the second group was based upon
presence of siderophages in one case only (Figure 10).

Baxplot by Group
Variable: Siderophages/mm2

Siderophages/mm2

1
';!

0 [ | .

< 0 Median

1 2 £ 25%-75%
I Min-Max

Survival-group
Mann-Whitney U Test: U=22,5; Z=-2,05; p<0,05

Figure 10  Siderophages/mm?2

Figures 11 and 12 show siderophages as ameboid cells, which contain hemosiderin
granular blue pigment in case with survival time of 27 days.

Figure 11  Siderophages contain hemosiderin granular blue pigment in case with
survival time of 27 days (magnification 200x)
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Figure 12  Siderophages contain hemosiderin granular blue pigment in case with
survival time of 27 days (magnification 1000x)

Discussion

Bleeding as a part of every contusion presents a sufficient stimulus for inflammatory
response. The brain macrophages have an active role in the cleanup of necrotic tissue
within the inflammatory response. Their presence and distribution are dependent on the
time interval after the occurrence of injury. Their morphology and intracellular content
changes relative to the time.

In this study, based on the microscopic analysis of samples obtained from cerebral
contusions, we showed the time dependency of the appearance and distribution of
siderophages (macrophages containing hemosiderin) in and around the lesion. We
compared our results with those reported in similar studies. We also checked for presence
of hematoidin and hemolysis. Former studies showed similar and consistent results related
to the earliest appearance of siderophages. The results ranged from 70 - 90 hours [12], 3 -
6 days after the injury [11] or 3 — 4 days, and the most developed response was seen after
5-7 days [8]. Concerning hematoidin, its appearance was noted from 10-12 days after the
injury. [8]. In our study the first appearance of siderophages was in the group with the
shortest time of survival (under 100 hours), but there was a significantly larger number of
siderophages in the group with the longest survival period (more than 200 hours). As for
the presence of hematoidin, its first and the only appearance was in the group with the
longest survival period. It is well known that siderophages appearance is time-dependent
thus it can be used as a parameter for determining the age of injuries. Our results
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correspond with the findings in the literature for survival times above 200 hours regarding
hematoidin presence [8,11-12].

Conclusions

Macrophages play a significant role in the healing process after brain injury. Depending on
their presence and intracellular content, we could differentiate between lesions that have
been inflicted more than 200 hours before death and more recent lesions. Our findings
show that we can use them as a parameter for determining the age of an injury especially
in cases with longer survival period.
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