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ABSTRACT 

Background: Traumatic brain injury (TBI) is one of the leading causes of mortality and morbidity. The 

pathology of TBI is complex and multifactorial. The key component of TBI pathophysiology is traumatic 

axonal injury (TAI), commonly referred to as diffuse axonal injury (DAI). DAI is a considerable cause of 

death in medico-legal autopsies and is imperative to detect axonal damage with a reliable and low-cost 

technique.  

Aim: DAI is difficult to detect using conventional techniques such as H&E staining, which can identify the 

axon injury after 24 h, but an immunohistochemical technique that uses b-APP allows identification of 

damaged axons a 2-3 h after TBI. On the other hand, astrocytes are considered key cells in initiating the 

process of repair after injury. We also investigated the expression of GFAP and S-100B protein to 

understanding the mechanisms of reactive gliosis either protective or reparative that could help to determine 

the extent of damage after TBI. 

Materials and methods: Total fifty human brains (49 with fatal closed head injuries and one control) were 

included in the study. We used immunohistochemical techniques to investigate the expression of beta-

amyloid precursor protein (β-APP), glial fibrillary acidic protein (GFAP) and S-100B protein in white 

matter of parasagittal region, corpus callosum and brainstem, to identify the axonal injury and astrogliosis. 

Results: Diffuse axonal injury (DAI) was found in 26 (53.06%) cases, assessed with β-APP 

immunohistochemical staining in parasagittal white matter, corpus callosum and brainstem. GFAP was 

detected in 48.9% of the cases and S-100B was observed in 46.9% of the cases studied. A statistically 

significant correlation was found between β-APP immunostaining in the regions studied in relation to 

survival time (p<0.002, p<0.003 and p<0.005 respectively). A statistically positive correlation was noted 

between GFAP and S-100B immunoreactivity in the study regions to reactive gliosis (p<0.003). 

 
Figure 1 : Immunohistochemical expression of β-APP                          Figure 2 : Immunohistochemical expression of β-APP in corpus callosum 

                                                                                   

                   in white after traumatic brain injury                                                                        after traumatic brain injury 

                                               

                              

 

Conclusions: The present study demonstrated that β-APP is a reliable marker in evaluating the patterns of 

axonal injury in the daily practice of forensic medicine and GFAP and S100B are indicators of astrocytosis, 

and can predict mortality, recovery, outcome and intracranial lesion. 
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INTRODUCTION

CASE REPORT

DISSCUSION

CONCLUSION

A variety of factors, such as environmental temperature, humidity,

insect activity, scavenger animals, etc., can influence the type of

changes on the body after death and the speed at which they occur.

For that reason determining the postmortal interval is one of the

more challenging tasks for a forensic pathologist.

A 70-years old man was found dead on 15th August in his home 

lying on the bathroom floor.

At the scene: 

• partial skeletisation of the upper body with an abundance of 

larvae

• the lower body expressed only mild putrefaction changes

• bloodstains in the bathroom in form of splashing on the mirror 

above the sink and pooling in the sink and next to it a roll of 

paper towels, also blooded

• no signs of struggle

Medical records showed that the deceased had laryngeal cancer

with a permanent tracheostomy.

At the autopsy: 

• Skeletal frame of the upper body with mostly missing inner 

organs or their parts in a late putrefaction stage

•Organs of the abdominal cavity were present, but showed

advence putrefaction changes

•No injuries were found

• The cause of death could not be determined
• The rapid partial skeletisation, despite the short postmortem

period, was explained by the high temperatures in August,
possible blood present in the neck and upper thoracic region
(probably due to bleeding from the tracheostomy orifice), and
probable activity of the cats

Due to the discrepancies in the decomposition stages of the body,

further inspection of the circumstances was conducted:

• Police established that the last undeniable contact the

deceased had was 4 days prior to finding his body

• The windows in the living room and bathroom were opened

• The neighbors had supposedly seen cats coming and going

despite the fact the deceased did not own any



A CASE OF AUTOEROTIC DEATH BY HANDING IN COMBINATION WITH PICTOPHILIA
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Introduction. Autoerotic asphyxia is a lethal outcome of a person while performing a solitary sexual activity by

using different methods intending to reduce the oxygen supply to the body and to induce cerebral hypoxia with the

result – increasing of the sexual gratification. Such cases of asphyxial deaths are accidental events and they are

extremely rare.

Case presentation. In the spring of 2021, the dead body of a 26-years-old man was found in his apartment. The

mother stated that she saw a scarf sticking out from the outer side of the entry door and when she opened the

door, she saw her son fell on the floor with ligature encircling the neck made by a cotton scarf and towel and tied

to the door. (Fig. 1) A working computer with opened pornographic materials on the screen was also found at the

scene. There was no evidence for a death note left in the apartment and no data from the relatives for previous

mental disorder.

The forensic examination of the body at the crime scene showed livor mortis on the anterior surface of body with

intensive bluish color. Protrusion of the tongue and body fluids around penis, resembling semen was found. The

external examination revealed a well-defined ligature mark over the neck, with an oblique direction, situated

above the thyroid cartilage. No other external traumatic injuries were found. The internal examination of the lungs

and brain showed severe congestion and edema with few petechial hemorrhages of the white matter. (Fig.2) Over

the lungs and epicardium pinpoint hemorrhages were found, and the blood was dark red and liquid. (Fig. 3)

Histology of internal organs showed edema of brain and lungs, corresponding to the cause of death - asphyxia. The

chemical analysis of blood showed no alcohol or any drug concentrations.

Conclusions. In cases of sexual asphyxia, hanging by ligature, the crime scene investigation plays a crucial role in

determining the type of asphyxia and the manner of death. Lack of adequate and appropriate information about

the specific findings at the crime scene can lead to serious expert mistakes. Such cases could be mistaken for

ligature strangulation with homicidal manner or hanging with suicidal manner of death. These expert diagnostic

mistakes could lead to investigative and law-related negative consequences. Specific guidelines are given in the

scientific literature in such cases: experienced police officers and forensic doctors should supervise the crime scene

investigation and proper inspection of the dead body should be performed at the same place.
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Fig1. The position of

the corpse at the crime

scene and the ligature

encircling the neck.

Fig 2. The brain with 

severe edema.

Fig 3. The lungs with severe

congestion, edema and

petechial hemorrhages over

their surface.



LABORATORY ANALYSIS OF USED ORAL FLUID DRUG TESTING ON-SITE DRÄGER DEVICES
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The results of the non-compliance could also be due to cross-reactivity, combined drug use
and the degradation of the substance concerned and/or to adsorption on the plastic tip of
the collector device.

Why oral fluid (OF) is a widely used sample for preliminary screening of drugs of 
abuse, particularly in roadside drivers testing?
OF testing has attracted great interest in the scene recently, especially among institutions or legal
authorities interested in determining drug presence (for application in the workplace, drug driving,
legal issues, etc.). Indeed, it has been established that OF is an adequate alternative biological matrix
to blood for the determination of xenobiotics and/or drugs of abuse (DoA) and/or metabolites.
The main advantages of OF include:
• readily available sample - easy, painless, non-invasive and undemanding specialized personnel

collection which can be performed at any place;
• supervised sampling without person’s embarrassment, i.e. more difficult to adulterate and to

substitute sample;
• pharmacologically active (parent) drug identification - drugs in OF appear due to passive membrane

diffusion, active secretion or ultrafiltration; this processes requiring compounds to be lipid-soluble,
non-ionized and unbound to proteins;

• the concentration of a detectable substance in OF is generally proportional to the free fraction of the
drug present in plasma - the detection window for abused drugs in OF approximates that of blood;

• recent drug usage – the concentration of drugs in OF should be equivalent to the free
pharmacologically active substance in the blood; this statement therefore makes it possible to
correlate the concentration of the substance and its pharmacological effects on the individual.

In Bulgaria, a zero tolerance law for drugged drivers
exists, i.e. it is illegal to drive with any measurable
amount of specified (illicit) drugs in the blood. Current
practice for drug testing of drivers with suspicious
behavior consists in OF testing by on-site devices
Dräger DrugCheck 3000 or Dräger DrugTest 5000. In
case of positive result, confirmation has to be done in
blood. In case of driver’s denial to give such sample,
result based on preliminary testing should be accepted.
However, in some cases the judiciary demand to
evidence these results.

Legislation in Bulgaria

How confirmatory GC-MS analysis of used OF drug testing on-site Dräger devices was performed?

Results from confirmatory GC-MS analysis of used OF drug testing on-site Dräger devices

Conclusion
In conclusion, a fast and simple procedure for analysis of DoA in OF specimen collected from on-site Dräger devices was used. Data obtained showed a relatively
good correlation between preliminary testing result and confirmatory GC-MS analysis. Confirmatory analyses of used OF drug testing devices is a suitable
alternative to blood testing especially when no other biological specimen (blood, urine) is submitted for toxicology analysis. But difficulties in such confirmation
analysis should be better evaluated before the implementation.

** THC – tetrahydrocannabinol; AMP – amphetamine; MET – methamphetamine; COC – cocaine; OPI – opiates; BZD – benzodiazepines; MTD – methadone 

In the present work, 109 on-site drug testing cartridges were submitted for confirmatory analysis because of
drivers’ (6 females, 101 males and 2 with no available information about gender) denial to give a blood specimen
for forensic toxicology examination.
OF collector was transferred into test tube and was treated with 6 mL mix of deionized water, methanol and 1M
hydrochloric acid in equal amounts added in order to elute efficiently drugs adsorbed onto collector pad and to
convert drugs into corresponding water-soluble hydrochlorides. Thus obtained sample was sonicated for 20 min
and after that 2 mL 1M sodium hydroxide was added and an extraction with 7 mL ethylacetate was carried out.
The detection of DoA was performed by GC-MS* and the laboratory results obtained are compared with those of
preliminary roadside testing.
*GC-MS conditions: The oven temperature is held initially at 50°C for 1 min, programmed from 50 to 150°C at 10°C/min, and held at 150°C for 1 min and from 150 to 280°C at 8°C/min,
and held at 280°C for 15 min. The electron ionization MS operating conditions is as follows: 230°C ion source temperature and 70 eV electron energy. The MSD is operated using SIM and
full scan mode with range of 40-550 m/z.

Preliminary 
positive 
results**

On-site devices 
On-site 
Dräger 

devices’ cut-
off, ng/mL

GC-MS 
LOD, 

ng/mL

Total number 
of sample 
devices

Confirmation 
with the 

preliminary 
roadside 

result

Differences
Negative 

laboratory 
results

% 
confirmation

% total 
confirmation

THC
Dräger DrugTest 5000 5, 10 or 25

10
12 6 1 5 50,0

36,8%
Dräger DrugCheck 3000 15 or 40 7 1 0 6 14,3

AMP/MET
Dräger DrugTest 5000 50/35

10
23 11 0 12 47,8

46,2%
Dräger DrugCheck 3000 50/50 3 1 0 2 33,3

COC
Dräger DrugTest 5000 20

20
1 1 0 0 100,0

33,3%
Dräger DrugCheck 3000 20 2 0 0 2 0,0

OPI
Dräger DrugTest 5000 20

50
9 3 1 5 33,3

40,0%
Dräger DrugCheck 3000 20 6 3 1 2 50,0

BZD Dräger DrugTest 5000 15 10 0 0 0 0 - 0,0%
MTD Dräger DrugTest 5000 20 20 1 0 0 1 0,0 0,0%

Combined use
Dräger DrugTest 5000 - - 31 10 12 9 32,3

28,9%
Dräger DrugCheck 3000 - - 7 1 3 3 14,3

Not specified 
preliminary 

positive result

Dräger DrugTest 5000 - - 2 0 0 2 0,0
14,3%

Dräger DrugCheck 3000 - - 5 1 0 4 20,0

The overall prevalence of confirmed positive samples for all tested DoA was 34.9%, with 39.2% confirmed for the Dräger DrugTest 5000 and 23.3% for the Dräger
DrugCheck 3000. It is important to notice that these results might vary widely due to unclear storage condition (time and temperature; usually more than a month
at room temperature).

Storage time and temperature were crucial for confirmation of preliminary positive
results. GC-MS analysis of used devices, pre-positive for DoA, confirming the results in
more than 50% of cases when the relevant road test was performed in a laboratory within
2 months after the initial test.

Elapsed time
Total 

number of 
cases

Positive lab 
results

% 
confirmation

Up to 30 days 25 12 48,0%
Between 30 and 60 days 18 10 55,6%
More than 60 days 39 10 25,6%
Not specified 27 9 33,3%
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DETERMINATION OF OLANZAPIN IN HAIR BY LIQUID 
CHROMATOGRAPHY TANDEM MASS SPECTROMETERS METHOD

INTRODUCTION
Olanzapin, one of the atypical antipsychotic
drugs, is often prescribed not only in adults
but also in young people. Especially sudden
heart deaths, decreased seizure threshold
levels in epilepsy and related deaths make
the olanzapine important in forensic
toxicology. In the literature, many studies
are reported simultaneously in biological
samples (blood, urine, saliva and
cerebrospinal fluid), which are frequently
used in forensic and clinical toxicology,
contemporaneously developed, alone with
olanzapine, metabolite-specific or multiple
psychiatric drugs.
In postmortem cases, detection of
olanzapine is complex because of it is quite
unstable in the blood. Apart from these
cases, it is seen that the use of olanzapine
for drug of abuse as well as therapeutic
purposes. There are many cases where acute
olanzapine poisoning was contributed to
death. For this reason, analytical methods
for the determination of olanzapin from
biological samples such as hair and nails are
needed.
Reference materials or matrix-specific
materials used in quality control studies for a
active ingredient. In order a reference
material to become a Certified Reference
Material (CRM), it is necessary to ensure
traceability of possible uncertainties in order
to prove an original homogeneity and the
stability of the method throughout the
matrix in accordance with the purpose of
use.

AIM
The purpose of the analytical method
validation is to confirm that an analytical
method can achieve reliable and
reproducible results for the specified
purpose. In this study, a fast and
inexpensive method was validated with
Liquid Chromatography-Tandem Mass
Spectrometry (LC-MS/MS), which is one
of the most sensitive techniques of
determination, and it is believed that it will
provide significant benefits in the exclusion
of olanzapine in forensic toxicology.

MATERIALS ANDMETHODS
In the study, the linear range of olanzapin
with ten-point calibration solution was
determined as 0.1-100 ng/mL. The
correlation coefficient in this range was R²=
0.9994. The limit of detection and limit of
quantification values were determined as
0.36 ng/mL and 0.39 ng/mL, respectively.
Recovery results after spiking to the hair
sample were determined as 82.43±5.46% at
the concentration of 0.5 ng/mL;
81.80±.2.97% at the concentration of 5
ng/mL; 96.46±1.69% at the concentration
of 50 ng/mL.

RESULTS AND DISCUSSION
In order to understand the matrix effect
before spike and after spike; nine repeat
experiments with olanzapine at a
concentration of 1 ng/mL were carried out.
According to these experiments, recovery
results of before spike (58.5%) decreased
approximately by half compared with
recovery results of after spike (91.6%).
From the recovery samples studied in 3
different concentrations for reproducibility;
the average of 6 samples with a
concentration of 0.5 ng/mL was 0.412±0.027
ng/mL, the relative standard deviation value
was 6.63, the average of 6 samples with a
concentration of 5 ng/mL was 4.09±0.15
ng/mL, the relative standard deviation value
was 3.64, the average of 6 samples with a
concentration of 50 ng/mL was 48.23±0.85
ng/mL and the relative standard deviation
value was 1.76. The change in the samples
analyzed by 7-day break was 0.0054% for
stability study. Since this value remains below
1%, the stability of the method developed
has thus been proven. In summary, the fact
that the small rate of change in the sample,
which was held for 1 week at room
temperature, can also be seen as proof of the
robustness of the method.

CONCLUSION
Although studies have been carried out to
determine the active ingredient of
olanzapine from other biological samples in
our country, there is no study for the
detection of olanzapin from hair sample.
Therefore, the contribution of this study to
the literature is considered to be important.
With the further studies, it is aimed to
develop more sensitive methods that can
reach lower determination limits.

Fig 1. Liquid chromatography-Tandem Mass Spectrometry
chromatogram of  5 ng/mL olanzapine standard solution

Fig 2. Calibration curve (10 points) obtained for olanzapine in the 
range of  0.1-100 ng/mL

Table 1. Equation and correlation coefficient of  the calibration curve 
plotted in the range of  0.1-100 ng/mL

Table 2. Comparison of  intraday and interday repeatability results
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Table 4. Recovery results after hair sample containing 0.5 and 5 ng/mL olanzapine spiked

1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0

0

100000

200000

300000

400000

500000

600000

700000

1:313,1000>169,2000(+)
1:313,1000>282,2000(+)
1:313,1000>198,1000(+)
1:313,1000>84,1000(+)
1:313,1000>213,1000(+)
1:313,1000>256,1000(+)

Linear range: 0,1-100 ng/mL

Equation: y = 0,0307x - 0,0107

Correlation Coefficient: (r²) 0,9994

Intraday repeatability Interday repeatability 
Sample

(ng/mL)
Avg. Std. dev. RSD% Avg. Std. dev. RSD%

0.5 ng/mL 
(n=6)

0.412 0.027 6.55 0.391 0.035 8.95

5 ng/mL 
(n=6)

4.09 0.15 3.67 3.95 0.27 6.83

50 ng/mL 
(n=6)

48.23 0.85 1.76 47.55 1.01 2.12

Drug free hair analysis 
(n=10)

Amount
(ng/mL)

1. rep 0.351
2. rep 0.349
3. rep 0.350
4. rep 0.350
5. rep 0.355
6. rep 0.357
7. rep 0.359
8. rep 0.354
9. rep 0.353
10. rep 0.356
Avg. 0.353

Std dev. 0.0034
RSD% 0.95

Table 3. Amount of  10 drug free hair samples (μg/mL), standard deviation and 
RSD% values

The mean, standard deviation and %RSD values obtained from the analysis performed with 
10 empty hair samples prepared for the LOD and LOQ study are as shown in Table 3.

Sample spiked with 
0.5 ng/mL OLZ (n=6)

Theoretical amount 
(ng/mL)

Measured 
amount 

(ng/mL)
Rec.%

1. rep 0.5 0.435 87.00
2. rep 0.5 0.382 76.40
3. rep 0.5 0.378 75.60
4. rep 0.5 0.429 85.80
5. rep 0.5 0.408 81.60
6. rep 0.5 0.441 88.20

Avg. recy. % 82.43
Std. dev. 5.46
RSD% 6.63

Sample spiked with 5 
ng/mL  OLZ (n=6)

Theoretical amount 
(ng/mL)

Measured 
amount 

(ng/mL)
Recy%

1. rep 5 4.24 84.80
2. rep 5 4.05 81.00
3. rep 5 3.88 77.60
4. rep 5 4.27 85.40
5. rep 5 4.11 82.20
6. rep 5 3.99 79.80

Avg. recy. % 81.8
Std. dev. 2.97
RSD% 3.64
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Histopathology finding of heart damage caused 
by hyperthermia - animal model 
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An increasing number of deaths in the world are caused by

hyperthermia and often require forensic expertise, which includes

macroscopic and microscopic analysis.

The aim of this study was to examine whether the intensity of

myocardial pathohistological changes in Wistar rats exposed to

hyperthermia was related to the temperature that caused the

hyperthermia and to classify the degree and type of cardiomyocyte

damage.

• The study was conducted on 40 adult Wistar rats that were

methodologically divided into three experimental groups, depending

on water temperature exposure of 37 °C (KG, n = 8), 41 °C (G41, n

= 16), and 44 °C (G44, n = 16).

• Depending on the length of time of exposure to water temperatures

of 41 °C and 44 °C are further divided into G41-AM, G41-PM, G44-

AM and G44-PM.

• A heart sample for pathohistological analysis was taken by sacrifice.

• Morphological-descriptive and semiquantitative analysis of the

myocardium was performed using light microscopy, with the

Hematoxylin-Eosin staining method.

Figure 1. Control group. Myocardium of 

the left ventricle of the rat

First degree: no degenerative changes; 

uniform-looking myocardial cells; HE 20X; 

• The severity of pathohistological changes in the heart increased

with increasing temperature and length of exposure.

• The dynamics of the development of morphological changes in

cardiomyocytes did not show high significance, which is attributed

to the time required for the development of pathohistological

changes as well as the insensitivity of the myocardial staining

technique that was used.
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Figure 2. G41 Myocardium of the left 

ventricle of the rat

Second degree: minimal damage to 

individual cardiomyocytes, most cells 

are of regular appearance; HE, 20X; 

Figure 3. G41PM. Myocardium of 

the left ventricle of the rat

Second degree with multiple damage to 

myocardial cells (in the central part of 

microphotography), HE 20X;

Figure 4. G44. Myocardium of the left 

ventricle of the rat

Second degree with greater focal damage 

to myocardial cells, HE 20X;

Table 1. Frequency of rats in experimental groups 

according to the type of myocardial changes

The type of myocardial changes 

       
Group  

Total 

p 

KG37 G41 G44  

 

 

<0,0005 

1 N 6 1 0 7 

%   in the group, change 1 85.7% 14.3% 0.0% 100.0% 

2 N 1 14 16 31 

% in the group, change 2 3.2% 45.2% 51.6% 100.0% 

 

KG37-control group of rats exposed to water temperatures of 37˚C; 

G41-group of rats exposed to water temperatures of 41˚C; G44-

group of rats exposed to water temperatures of 44˚C; N- number of 

rats; p-probability; 1-no degenerative changes; 2-minimal and 

multifocal changes;

Table 2. Frequency of rats in the experimental groups 

according to the extent of myocardial changes

Extent of myocardial changes Group  

Total 

p 

KG37 G41 G44  

 

 

0.109 

1 N                                                            6 6 6 18 

%   in the group, change 1                      33.3% 33.3% 33.3% 100.0% 

2 N 1 9 8 18 

% in the group, change 2 5.6% 50.0% 44.4% 100.0% 

3 N 0 0 2 2 

 % in the group, change 3 0% 0% 100% 100% 

 

KG37-control group of rats exposed to water temperatures of 37˚C; 

G41-group of rats exposed to water temperatures of 41˚C; 

G44- group of rats exposed to water temperatures of 44˚C; 

N- number of rats; p-probability; 

1-minimal (damage to individual cardiomyocytes); 

2-gentle (multiple cardiomyocyte damage); 

3-moderate (major focal to local extensive cardiomyocyte damage);
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