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Abstract
It is difficult to determine the cause of death in electric shock injuries when no trace can be determined on the skin, and this 
is accepted as a reason for negative autopsy. We aimed to determine useful parameters in the definition of the cause of deaths 
associated with electric shock and particularly those formed with water conduction. This study used a total of 42 rats, applied 
with fatal electric shock formed of isolated electric shock at 220 V and with water conduction. The serum NT-ProBNP and 
H-FABP levels were examined together with histopathological changes in the brain, cerebellum, brainstem, heart, liver and 
skin and the Bax, caspase-3 and HSP-60 antibody status in these tissues. A statistically significant difference was determined 
between the groups in respect of the serum H-FABP values and the immunohistochemical staining of the samples taken 
from the organs. In conclusion, this study is the first in literature with an experimental model of electric shock with water 
conduction. Using immunohistochemical and biochemical markers in deaths associated with isolated electric shock and 
electric shock with water conduction, the results of this study can contribute to the clarification of one of the reasons for 
negative autopsy in forensic medicine.
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Introduction

Examination of the scene of the incident and the conditions 
of death, the medical history of the deceased, histopathologi-
cal examination, toxicology analyses and chemical, micro-
biological, serological and genetic examinations are the steps 
that assist in determining the cause of death in an autopsy. 
When the cause of death cannot be determined despite all these 
examinations, it is referred to as negative autopsy. The negative 
autopsy rate with macroscopic examination only is 10%, but 
when detailed analyses are added, this rate falls to 1–5% [1–3].

The observation of electricity entry and exit wounds is an 
important clue in determining the cause of death [4]. In elec-
tric shock where traces of the current cannot be determined on 
the skin such as in electric shock with water conduction, it is 
difficult to determine the cause of death, and this is evaluated 
as one of the reasons for negative autopsy [1, 3, 4].

Electric shock can be a cause of death by causing damage 
to the affected organs and systems related to the type of cur-
rent, voltage and intensity. The central nervous system (CNS), 
cardiovascular system, muscle tissue, lungs, liver, skin and 
other internal organs can be affected by electric shock, and 
there can be changes in some biochemical parameters [4–9]. 
The primary cause of death is cardiac damage [5, 10, 11]. An 
increase may be seen in the ventricle wall stress, in pro-brain 
natriuretic peptide (ProBNP) and amino terminal fragments 
(NT-ProBNP), and in cases of acute cardiac injury, heart type 
fatty acid binding protein (H-FABP) emerges. The changes 
formed in these two molecules in electric shocks have become 
a subject of interest to researchers [6, 12, 13].

The aim of this experimental study was to examine the 
serum NT-proBNP and H-FABP levels obtained from rats 
applied with fatal isolated electric shock and electric shock 
with water conduction, together with the histopathological 
changes in tissue samples taken from the brain, cerebel-
lum, brainstem, heart, liver and skin and the Bax, cas-
pase-3 and HSP-60 antibodies in these tissues. The data 
obtained in the study were investigated in respect of util-
ity in determining the cause of death in cases of electric 
shock, which are one of the reasons for negative autopsy.

Materials and methods

Approval for the study was granted by the Experimental 
Animals Ethics Committee of Inonu University Medical 
Faculty (decision no:2017/A-46, dated:12.10.2017). This 
experimental study was conducted in the Experimental 
Animals Production and Research Centre of Inonu Uni-
versity in accordance with the EU Directive no. 2010/63/
EU for experimental animals.

Animals

A total of 42 healthy, female Wistar albino rats, each weigh-
ing 200–250 g, were used in the study. The rats were ran-
domly separated into 3 groups of 14, as group A, control 
group with no intervention; group B, applied with isolated 
electric shock; and group C, applied with electric shock with 
water conduction.

Preparation of the experiment and safety

A deep plastic bath was placed on a non-conductive wooden 
material on a concrete base. A flat piece of plastic material, 
pierced at certain intervals for fixation of the animals, was 
placed in the bath. An electrical contactor was placed in the 
circuit. It was connected to 3 circuit breakers with 6 amp, 15 
amp and 32 amp allowed intensity limit, respectively, over 
the contactor. The circuit breakers which were placed for 
safety purposes did not activate during the experiment, and 
no power cut had occurred. An electrical circuit with 220 V 
input–output connected to an electrical socket was prepared 
and tested in the Electrical-Electronic Engineering Faculty 
of Inonu University. The electric current used in industry 
and domestic environment in our country is alternating cur-
rent (AC) (Fig. 1). The current source in this study is AC, 
and the exact frequency is standardized as 60 Hz. By taking 
samples for analysis, tap water was prepared for use in the 
group to be applied with electric shock with water conduc-
tion (Table 1).

Plastic material was used to prevent electrical conduction. 
Although the animals were under deep anaesthesia during the 
experiment, the extremities of the animals were fixed to the 
plastic material with plastic attachments to prevent movement. 

Fig. 1   Schematized electrical circuit assembly
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While performing the experiment, the researchers wore plastic 
boots and special gloves to prevent conduction.

Procedures

All the animals were applied with anaesthesia analgesia 
with an intraperitoneal injection of 90 mg/kg ketamine 10% 
(Ketalar ® Pfizer) and 15 mg/kg xylazine hydrochloride 2% 
(Rompun ® Bayer). When anaesthesia was obtained, the 
rats in group A were sacrificed without the application of 
any electrical current. For the rats in group B, two groups 
of electrodes were placed on the right upper and left upper 
extremities, and the electrical current was applied. These 
extremities were selected as the most frequently observed 
route of electrical current in the body in cases of electric 
shock. For group C, water of 4 ± 1 cm depth was added to a 
plastic bowl so that it would not reach the airway of the rats. 
A large container was filled with a large amount of tap water 
at the beginning of the experiment. The water in the experi-
mental setup was changed for each experiment subject in 
group C with the same volume. The rats in group C were left 
into the water, and two free-ended electrode probes (phase 
and neutral) were placed at the same distance from the head 

and tail for each one. Two hundred twenty V electric cur-
rent was applied to the subjects in the experimental setup 
until they died (approximately 153 ± 27 s). All the animals 
in the study groups and control group were sacrificed, and 
then the lower and upper extremities were shaved, and skin 
samples were taken. In all the subjects, the chest was opened, 
and blood samples were taken from the vena cava, and the 
heart was dissected. The skull was opened, and the brain, 
cerebellum, and brainstem dissections were made. The liver 
dissections were performed by opening the abdomen. The 
organs were fixed in 10% formaldehyde solution. Blood sam-
ples were centrifuged at 3000 rpm for 10 min, and the serum 
samples obtained were stored at − 70° until assay.

Biochemical analyses

The numbered serum samples were examined with the 
NT-ProBNP kit using the chemiluminescence method on 
a Siemens Immulite-2000 model device (Siemens Health-
care Diagnostics Products Ltd. Llanberis, Gwynedd LL55 
4EL UK). In the same way, the serum samples were pre-
pared according to the standard assay principles defined 
in the H-FABP test kit (Rat H-FABP Cloud Clone Corp. 
23,603 W. Fernhurst Dr. Unit 2201, Katy, TX, USA). 
Analysis was made with the enzyme-linked immunosorb-
ent assay kit (ELISA) method on a BioTek Synergy H1 
model ELISA device. Serum H-FABP levels were meas-
ured as ng/ml.

Histopathological and immunohistochemical 
analyses

For histopathological examination, the tissues fixed in 
formalin were embedded in paraffin blocks, and then 
Sects. 4 µm in thickness were cut and stained with hema-
toxylin and eosin (H&E). The immunohistochemical 
staining was performed in a fully automated immunohis-
tochemistry staining device (Ventana BenchMark Ultra, 
Ventana Medical Systems, Tucson, AZ, USA).

The primer antibodies used were Bax (Boster Bio-
logical Technology, Anti-Bax Rabbit Monoclonal Anti-
body, Uniprot ID/Q07812) at dilution of 1/200, caspase-3 
(Boster Biological Technology, Anti-Caspase-3 Rabbit 
Monoclonal Antibody, Uniprot ID/P42764) at dilution of 
1/500 and HSP-60 (Boster Biological Technology, Anti-
HSP60/HSPD1 Picoband Rabbit Monoclonal Antibody, 
Uniprot ID/P42764) at dilution of 1/2000.

Colon adenocarcinoma tissue was used as the positive con-
trol for Bax and tonsil tissue for caspase-3 and HSP-60. The 
H&E-stained sections and immune antibodies were evaluated 
under light microscope by two pathologists. The immunohis-
tochemical staining was scored semi-quantitatively (Table 2).

Table 1   Chemical water analysis report made in the public health 
laboratory (No. 2018–1227-10)

Chemical parameters Values

pH 7.35
Conductivity (20 0C μs/cm) 221
Free cyanide (μg/L) 0
Bromate (μg/L) 0
Nitrite (mg/L) 0
Fluoride (mg/L) 0
Nitrate (mg/L) 3.40
Boron (mg/L) 0
Nickel (μg/L) 0
Mercury (μg/L) 0
Lead (μg/L) 0.346
Selenium (μg/L) 0
Copper (mg/L) 0
Chromium (μg/L) 0
Cadmium (μg/L) 0
Antimony (μg/L) 0
Benzene (μg/L) 0
Manganese (mg/L) 0
Iron (mg/L) 0.107
Aluminium (mg/L) 0.18
Ammonium (mg/L) 0.01
Sodium (mg/L) 1.24
Chloride (mg/L) 0.63
Sulphate (mg/L) 3.29
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Statistical analyses

The data used in the statistical analysis were stated as 
median (minimum–maximum) values. As the variables 
were sequencer discrete variables, the non-parametric 
Kruskal–Wallis H test was applied to determine whether 
the difference between these variables was statisti-
cally significant. Conformity to normal distribution of 
the continuous numerical variables was assessed with 
the Shapiro–Wilk test. Multiple comparisons after the 
Kruskal–Wallis H test were made with the Conover 
test. A value of p < 0.05 was accepted as statistically 
significant.

Results

Biochemical results

The results obtained from the statistical analysis of serum 
H-FABP (ng/ml) and NT-ProBNP levels at 0 h are shown 
in Table 3. The serum H-FABP levels of group C (elec-
tric shock with water conduction) were observed to be 
statistically significantly lower than those of the other two 
groups (p < 0.05). Serum NT-ProBNP values were found to 
be < 20,00 pg/ml in blood samples taken at 0 h for all sub-
jects in groups 1, 2 and 3. Therefore, statistical analysis was 
not performed.

Histopathological and immunohistochemical results

No significant pathological change was determined in the 
H&E staining of the brain, cerebellum, brainstem, heart and 
liver tissue samples of all the subjects. In group B subjects 
(isolated electric shock), there were observed to be demon-
strative findings of electric shock (extension in the epider-
mal nuclei, dermo-epidermal separation, homogenizaton 
in the dermis) in the skin samples taken from the electric 
entry–exit points. The caspase-3, Bax and HSP-60 immu-
nohistochemical staining samples of the groups are shown 
in Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13. The immuno-
histochemical staining results are shown in Table 4.

Caspase‑3

No statistically significant difference was determined 
between group B and group C in the brain and brainstem 
samples. The antibody expression in both groups was deter-
mined to be significantly higher than in group A (p < 0.05). 
A statistically significant increase was observed between 
group A and group C in respect of the cerebellum sample 
(p < 0.05). In the heart, liver and upper and lower extrem-
ity skin samples, statistically significant differences were 
determined between all the groups (p < 0.05).

Bax

In the cerebellum and brain stem samples, no statistically sig-
nificant difference was determined between group B and group 
C, and a statistically significant increase was seen in both these 
groups compared to group A (p < 0.05). In the brain, heart, 
upper and lower extremities and skin samples, statistically sig-
nificant differences were determined between all the groups 
(p < 0.05). In the pericentral zone of the liver tissue samples, 
no statistically significant difference was determined between 
group B and group C, and a statistically significant increase was 
seen in both these groups compared to group A (p < 0.05). In 
the staining of the liver zone 2 regions, a statistically significant 
difference was determined between all the groups (p < 0.05).

Table 3   Serum H-FABP levels 
of the groups

Significant at p < 0.05
a Different from group B
b Different from group C
* Kruskal–Wallis test

Group A (control) Group B Group C P*

H-FABP (ng/ml)
Median (min–max) 23.73b (6.75–63.73) 40.36b (10.79–

63.73)
10.85 (3.09–63.73) 0.0037

Table 2   Staining criteria in immunohistochemical evaluation

Staining prevalence Stain-
ing 
degree

No staining 0 0
Light staining  < %10 1
Moderate staining %10–50 2
Severe staining  > %50 3
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Fig. 2   Immunohistochemi-
cal expression of caspase-3 in 
the cerebrum, cerebellum and 
brainstem: a control, cerebrum 
score 0, × 200; b group 2 cer-
ebrum, score 1, × 200; c group 3 
cerebrum, score 3, × 100; d con-
trol cerebellum, score 0, × 200; 
e group 2 cerebellum Purkinje 
cells, score 1, × 200; f group 3 
cerebellum Purkinje cells, score 
3, × 200; g control brainstem, 
score 0, × 200; h group 2 brain-
stem, score 3, × 100; i group 3 
brainstem, score 3, × 100

a b c

d e f

g h i

Fig. 3   Immunohistochemical 
expression of caspase-3 in the 
heart: a control, score 0, × 200; 
b group 2, score 1, × 200; c 
group 3, score 2, × 200

a b c
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HSP‑60  In the staining of the brain, cerebellum, brain stem and 
liver samples, no statistically significant difference was determined 
between group B and group C, and a statistically significant increase 
was seen in both these groups compared to group A (p < 0.05). In 
the heart and upper extremity skin samples, a statistically signifi-
cant difference was determined between all the groups (p < 0.05). In 
the lower extremity skin samples, a statistically significant increase 
was seen in group B compared to group A (p < 0.05).

Discussion

Death related to electric shock is a process frequently involv-
ing cardiac arrythmia or paralysis of the respiratory muscles 
[4]. Several studies have reported serum NT-ProBNP level 
as a parameter sensitive to cardiac damage. NT-ProBNP 
has also been shown to be a good marker in chronic car-
diac ischaemia and heart failure [13]. In the current study, 
the NT-ProBNP levels were within normal limits in all the 
groups, which was attributed to the fact that none of the 
animals had any chronic cardiac pathology.

Although the serum H-FABP level is a marker sensitive 
to cardiac damage, there are few studies of serum H-FABP 
values associated with electric shock and encompassing 
electric shock with water conduction [6, 12]. In an experi-
mental study by Özdemir C et al., the electricity of different 
voltage was applied to animals, and with increasing volt-
age, there was seen to be a statistically significant differ-
ence between the groups in respect of serum H-FABP [6]. 
In the current study, no significant difference was deter-
mined between the control group and group B, the group 
applied with isolated electric shock at 220 V, in respect of 
0-h H-FABP values. However, the serum H-FABP values 
of group C, applied with electric shock with water conduc-
tion, were determined to be statistically significantly lower 
than those of groups A and B. This suggests that serum 
H-FABP values taken after electric shock could be a valu-
able finding in relation to the question of whether there was 
any water conduction.

As the CNS has low resistance to electric current, this 
can cause peripheral and central neurological complica-
tions, which may emerge early or late [7]. Although there 

Fig. 4   Immunohistochemical 
expression of caspase-3 in the 
liver: a control, score 0, × 200; b 
group 2, score 3, × 200, c group 
3, score 1, × 200

a b c

a b c d 

Fig. 5   Immunohistochemical expression of caspase-3 in the skin: a control, score 0, × 100, b group 2 lower extremity, score 2, × 200; c group 2 
upper extremity, score 3, × 200; d group 3 lower extremity, score 1, × 200
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Fig. 6   Immunohistochemi-
cal expression of Bax in the 
cerebrum, cerebellum and 
brainstem: a control cerebrum, 
score 1, × 100; b group 2 cer-
ebrum, score 2, × 100; c group 3 
cerebrum, score 2, × 200; d con-
trol cerebellum, score 1, × 200; 
e group 2 cerebellum Purkinje 
cells, score 3, × 100; f group 3 
cerebellum Purkinje cells, score 
2, × 100; g control brainstem, 
score 1, × 100; h group 2 brain-
stem, score 2, × 200; i group 3 
brainstem, score 2, × 100

a b c

d e f

g h i

Fig. 7   Immunohistochemical 
expression of Bax in the heart: a 
control, score 0, × 100; b group 
2, score 1, × 200; c group 3, 
score 1, × 200

a b c
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are different studies in literature showing the effect of elec-
tric shock on the central nervous system, there are very few 
studies related to the cerebellum and brainstem [7, 14–16]. 
In studies by Brasko et al. and Larsen et al. to determine 
the cause of death associated with electric shock, there 
were seen to be several morphological changes in nerve 
cells, especially in the cerebellar Purkinje cells [14, 15]. 
Due to low resistance, the cerebellar Purkinje cells are one 
of the regions of the CNS most affected by electric current 
[16, 17].

Although the contact points of the electric current are 
far from the CNS, damage can occur at any point of the 
CNS [18, 19]. This indicates that there is an indirect elec-
tric current path that can damage the cerebellum, and this 
may be due to the electrical conductivity of the CNS [18]. 
A limited number of immunohistochemical studies have 
been conducted using apoptosis markers and related to 
histomorphological reflections [8]. Kandeel et al. reported 
that while the Purkinje cells gave no immune reaction with 
caspase-3 in the control group, there was a significant 
increase in immunohistochemical staining with caspase-3 
in the group applied with fatal electric shock, and there was 
a significant increase in the number of caspase-3 positive 
Purkinje cells in the groups administered non-fatal elec-
tric shock [8]. Similarly in the current study, the caspase-3 

staining in groups B and C, especially in the brain stem, 
was similar and was evaluated as score 3. In both groups, 
a significant difference was observed between the staining 
of the brainstem neurons and the staining of the brain–cer-
ebellum neurons. Similar results were observed in the Bax 
and HSP-60 stainings. These results suggest that death 
related to electric shock could occur through damage to the 
respiratory centre in particular. However, the intensity of 
caspase-3 immunohistochemical staining in tissues (brain, 
cerebellum, brainstem) does not differentiate cases of wet 
or isolated electric shock.

In a previous experimental study, Bax expression was 
examined immunohistochemically in the myocardium after 
electric shock, and the expression levels in the groups with 
electrical injury were determined to be significantly higher 
than those of the control group [9]. Similarly in the cur-
rent study, a statistically significant increase was deter-
mined in the Bax staining of the heart tissues in group 
B compared to group A (p < 0.001). Similar results were 
obtained in group C, and statistically significant differ-
ences were determined between all the groups (p < 0.001). 
An increase was seen in pro-apoptosis in the heart tissue 
in electric shock, and Bax expression in isolated elec-
tric shock was greater than in electric shock with water 
conduction.

Fig. 8   Immunohistochemical 
expression of Bax in the liver: a 
control, pericentral zone score 
1, × 100; b group 2, pericentral 
zone score 3, × 100; c group 3, 
pericentral zone score 2, × 100

a b c

Fig. 9   Immunohistochemi-
cal expression of Bax in the 
skin: a control, score 1, × 100; 
b group 2 lower extremity 
score 2, × 100; c group 2 upper 
extremity, score 2, × 100; d 
group 3 lower extremity, score 
2, × 100; e group 3 upper 
extremity, score 3, × 100

a b c d e 
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Huitong Liu et al. showed that in conditions of stress, 
the expression of stress proteins was activated to assist in 
the repair of thermal damage and electrostimulation [9]. 

In the current study, staining with HSP-60 antibody in 
the heart was increased in all the groups, and the increase 
in the isolated electric shock group was determined to 

Fig. 10   Immunohistochemi-
cal expression of Hsp-60 in 
the cerebrum, cerebellum and 
brainstem: a control cerebrum, 
score 1, × 200; b group 2 cer-
ebrum, score 2, × 200; c group 3 
cerebrum, score 3, × 200; d con-
trol cerebellum, score 1, × 200; 
e group 2 cerebellum Purkinje 
cells, score 3, × 100; f group 3 
cerebellum Purkinje cells, score 
3, × 100; g control brainstem, 
score 1, × 100; h group 2 brain-
stem, score 3, × 200; i group 3 
brainstem, score 3, × 100

a b c

d e f

g h i

Fig. 11   Immunohistochemical 
expression of Hsp-60 in the 
heart: a control, score 1, × 200; 
b group 2, score 3, × 100; c 
group 3, score 2, × 100

a b c 
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be statistically significant. In addition, the difference 
between group A and group B was seen to be statistically 
significantly different from group C. Again in the study 
by Huitong et al., the group where the most severe HSP-
60 expression was seen in the liver was the group applied 
with fatal electric shock, and this level of HSP-60 expres-
sion was reported to be an indicator that severe destruction 
had occurred [9]. In the current study, HSP-60 expression 
in both the isolated electric shock group and the electric 
shock with water conduction group was observed to be 
significantly increased especially in the pericentral zone, 
compared to the control group. These immunohistochemi-
cal findings support the view that an electric current forms 
damage in the liver. Similar to these findings for HSP-60, 
there was a statistically significant difference between all 
the groups in respect of the apoptosis markers in the zone 
3 region of the liver with caspase-3 and in the pericentral 
and zone 2 regions of the liver with Bax.

As typical histopathological findings which can be 
observed on the skin associated with electric shock (vacu-
oles in the stratum corneum, extension in the cell nucleus, 
dermo-epidermal separation, homogenization in the dermis) 
may be seen in several situations such as freezing and burns, 

these findings are not pathognomonic [1, 2, 20]. In the cur-
rent study, statistically significant differences were seen 
between all three groups in the staining with immunohisto-
chemical markers (caspase-3, Ba, HSP-60) of skin samples 
taken from the upper extremities. Compared to the control 
group, there was increased staining in the groups exposed 
to the electric currents, and the increase in group B (isolated 
electric current) was significant.

Similarly, there were seen to be statistically significant 
differences between all the groups in the caspase-3 and Bax 
staining in the lower extremity skin samples. In the staining 
with HSP-60, only the difference between groups A and B 
was statistically significant. In addition, the staining in the 
upper extremities was seen to be more intense than in the 
lower extremities. It was thought that this could be due to 
the severity of the burn injury formed in the skin with direct 
contact of the isolated electric shock. As no previous study 
could be found in literature which had similarly examined 
immunohistochemical markers in the skin tissue of cases 
with death due to electric shock, these findings could form 
the foundation of future studies.

The results of this study showed that there were statisti-
cally significant differences in the immunohistochemical 

Fig. 12   Immunohistochemical 
expression of Hsp-60 in the 
liver: a control, score 1, × 100; b 
group 2, score 2, × 100; c group 
3, score 3, × 100

a b c

Fig. 13   Immunohistochemical 
expression of Hsp-60 in the 
skin: a control, score 1, × 100; 
b group 2 lower extremity, 
score 2, × 100; c group 2 upper 
extremity, score 3, × 100; d 
group 3 lower extremity, score 
1, × 100; e group 3 upper 
extremity, score 2, × 100

a b c d e 
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staining (caspase-3, Bax, HSP-60) in the brain, cerebel-
lum, brainstem, heart, liver and upper and lower extremity 
skin samples and in the blood serum biochemical param-
eters (H-FABP) as a result of the damage caused by an 
electric current. To the best of our knowledge, there has 
been no previous experimental study in literature related 
to electric shock with water conduction.

In conclusion, this is the first study to have examined 
isolated electric shock and electric shock with water con-
duction in an experimental animal model. With the use 
of immunohistochemical and biochemical markers in this 
study, the findings can be considered to contribute to the 
clarification of one of the reasons for negative autopsy 
in forensic medicine. However, comparative studies are 
needed on real victims of electric shock in water.
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Table 4   Immunohistochemical 
evaluation of the groups

* Significant at p < 0.05. aDifferent from group B. bDifferent from group C

Group A (control) Group B Group C Kruskal–Wallis test

Brain
  Median (min–max)
  Caspase-3
  Bax
  HSP-60

0a,b (0–1)
0a,b (0–1)
1a,b (0–1)

0 (0–1)
1.5b (1–3)
1 (1–3)

1 (0–3)
1 (0–2)
2 (1–3)

p = 0.0175
p < 0.001
p < 0.001

Cerebellum
  Median (min–max)
  Caspase-3
  Bax
  HSP-60

0b (0–0)
0.5a,b (0–1)
1a,b (1–2)

0 (0–2)
1.5 (0–3)
3 (2–3)

0 (0–3)
2 (1–3)
3 (2–3)

p = 0.0456
p < 0.001
p < 0.001

Brainstem
  Median (min–max)
  Caspase-3
  Bax
  HSP-60

0a,b (0–1)
1a,b (0–1)
1a,b (1–3)

3 (0–3)
2 (1–3)
3 (2–3)

3 (3–3)
2 (1–3)
3 (2–3)

p < 0.001
p < 0.001
p < 0.001

Heart
  Median (min–max)
  Caspase-3
  Bax
  HSP-60

0a,b (0–0)
0a,b (0–1)
1a,b (1–1)

1b (0–2)
1b (0–1)
3b (1–3)

2 (0–2)
0 (0–1)
1.5 (1–3)

p < 0.001
p < 0.001
p < 0.001

Liver
  Median (min–max)
  Caspase-3
  Bax (pericentral zone)
  Bax (Zon-2)
  HSP-60

0a,b (0–0)
1a,b (1–1)
0a,b (0–0)
1a,b (1–1)

3b (2–3)
3 (2–3)
1b (0–3)
2 (1–3)

1 (1–1)
3 (2–3)
2 (0–2)
2 (1–3)

p < 0.001
p < 0.001
p < 0.001
p < 0.001

Skin (upper extremity)
  Median (min–max)
  Caspase-3
  Bax
  HSP-60

0a,b (0–0)
0a,b (0–0)
1a,b (1–1)

3b (2–3)
3b (2–3)
3b (2–3)

1 (0–1)
1 (0–1)
2 (1–3)

p < 0.001
p < 0.001
p < 0.001

Skin (lower extremity)
  Median (min–max)
  Caspase-3
  Bax
  HSP-60

0a,b (0–0)
0a,b (0–0)
1a (1–1)

2b (1–2)
2b (1–2)
2 (1–2)

1 (0–1)
1 (0–1)
1 (1–2)

p < 0.001
p < 0.001
p < 0.001
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