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Abstract | In this study, the impact of electrocution on apoptosis and DNA damage was investigated to act as pos-
sible biomarker for electric shock mediated deaths. A total of 40 adult male rats were divided into two equal groups
- electrocuted (E) and Control (C), which were further sub-divided into two sub-groups. The main treatment group
(E) was electrocuted until death by a 220 V alternating current (AC) and the blood and heart samples were collected
immediately after electrocution from the first sub-group [E(Oh)] and 1 h postmortem (PM) from second sub-group
[E(1h)]. The animals of control group were killed humanely by cervical dislocation, and the samples were collected
immediately after death from the first subgroup [C(Oh)] and 1h after PM from the second subgroup [C(1h)]. Creatine
phosphokinase (CPK) and lactate dehydrogenase (LDH) activities and malonaldehyde (MDA) contents were signifi-
cantly found to be elevated in rats of electrocuted group [E(Oh)] and their levels showed higher elevations in [E(1h)]
group. Exposure of rats to electric current till death resulted in a highly significant increase in DNA fragmentation
percent immediately or 1h of PM. The expressions of Bcl-2, Bel-xl were down-regulated while Bax expression was
up-regulated in hearts of electrocuted rats in comparison with control rats, influenced by cause of death and time of
sampling. The heart taken from C(Oh) and C(1h) groups showed normal architecture while more extensive damage
appeared in E(Oh) and E(1h) groups. In conclusion, electrocution caused DNA damage and apoptosis in cardiac
muscles and these findings could be used as useful biomarkers to support biochemical analysis and histopathological
examination in confirming the electrocution as the principle cause of death.
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INTRODUCTION

etermining the cause of death is an important aim in

forensic medicine especially when the external signs
or gross findings are absent. Electrocution is one of the
main causes of acute death in both human and animals
(Hussmann et al., 1995). The danger of electricity returns
to its wide spread and great use in our daily life. Moreover,
electric current is invisible and could induce injuries at any
part of the body or lead directly to death mostly without
leaving any detectable marks (Arnoldo et al., 2006; Wang

et al., 2008; Kurtulus et al., 2009). The degree of damage
caused by electricity depends on type and intensity of elec-
tric current and the nature of exposed cells or tissues (Stone
et al., 2014). The electrical shock could affect skin, central
nervous system, cardiovascular system, skeletal muscles
and many other internal organs (Fish, 1993a). Michiue et
al. (2009) defined the ventricular fibrillation and cardiac
failure as the principle cause of death in electric shock.

The most severe cardiovascular problems due to electric
shock usually appear at the onset of the injury, however,
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some serious changes are observed in immediate post in-
jury period (Purdue and Hunt, 1986; Fish, 1993b). In ad-
dition to the complications occurring in different organs;
destruction of cell membrane and loss of resting mem-
brane potential are important features of electric shock
due to cell depolarization. Peroxidation of cell membrane
has been also reported following the myocardial injury due
to the induction of reactive oxygen species as a result of
inflammatory reactions during the survival period (Droge,

2002; Suematsu et al., 2003).

Some biochemical parameters could serve as confirma-
tory markers of myocardial damage in cases of sudden or
unexplained death even in absence of histopathological
findings, among them creatine phospho kinase (CPK) and
lactate dehydrogenase (LDH) enzymes are important ones
(Xenopoulos et al., 1991; Zack et al., 1997; Chidambarana-
than et al., 2015). In some other studies, apoptosis has been
also reported in early stages just with the occurrence of
myocardial injury (Piro et al., 2000). Apoptosis is known
to be regulated by Bcl-2 / Bax family of genes which act
as key elements in the process of cell death (Nagata, 1997;
Begriche et al., 2006; Berthelet and Dubrez, 2013; Kumar
et al., 2015). Bcl-2 has been reported to inhibit cell death
induced by different kinds of stimuli like chemotherapy
and gamma radiation (Miyashita and Reed, 1993), how-
ever, its role in protecting cells from electric current still
needs more investigations.

The aim of the present work focused to analyse the effi-
cacy of some biochemical parameters, expression of some
apoptosis related genes and histological changes in the
heart of rat which could be used as useful biomarkers in
postmortem diagnosis and confirming the electrocution as
the possible cause of death in addition to investigating the
DNA damaging effects of electric shock in early postmor-
tem period.

MATERIALS AND METHODS

ANIMALS AND GROUPING

A total of 40 healthy adult male Sprague-Dawely rats
weighing 200+10 g were obtained from the Animal Re-
search Unit of the Faculty of Veterinary Medicine, Zagazig
University. The animals were maintained under tempera-
ture 22°C, a 12 h light/dark cycle and ad libitum availa-
bility of pellet food and water. The animals were divided
randomly into 2 main groups: the control group (C) in-
cluded 20 rats, divided into 2 subgroups (10 rats each) that
were killed by cervical dislocation without any application
of electrical current; the first subgroup was used for collec-
tion of blood and heart samples immediately after death
[C(0h)], while these samples were collected one hour after
postmortem (PM) in the second sub-group [C(1h)]. The
electrocuted (E) group included 20 rats (in 2 sub-groups

of 10 rats /each) that were electrocuted until death by a
220 V alternating current (AC) with the points of elec-
trical contact placed on the skin of the left forelimb and
the skin of the right hind limb to allow the current to pass
via chest according to Wright and Davis (1980). The sam-
ples were collected immediately after electrocution from
the first subgroup [E(Oh)] while collected one hour after
postmortem in second subgroup [E(1h)].

T1SSUE PREPARATION

The collected heart samples were divided into two parts,
the first part was stored at -80°C until analysis and the
second part was fixed in 10% neutral buffered formalin for
histopathological examination. Blood samples were col-
lected from the heart and great blood vessels and centri-
fuged immediately for 10 min at 3000 rpm for collection of
serum. Serum was stored at -20°C until analysis.

B10CHEMICAL ANALYSIS

Creatine Phosphokinase (CPK) Activity: CPK activity
was measured using commercial diagnostic kits provided
from Biodiagnostic Co. (Giza, Egypt) according to Szasz
et al. (1976).

Lactate Dehydrogenase (LDH) Activity: LDH activity
was evaluated using a readymade reagent kit (Bio Med Di-
agnostic) according to the method described by Gay et al.

(1968).

Lipid Peroxides (Malondialdehyde, MDA) Content:
Lipid peroxidation was determined by measuring MDA
level in heart homogenate by colorimetric assay according

to Ohkawa et al. (1979).

DNA Fragmentation: The DNA fragmentation assay
was carried out on heart tissues of rats of all groups using
cellular DNA fragmentation Elisa kit provided by Roche
Diagnostics, Switzerland according to the manufacturer”
instruction.

EXPRESSION LEVELS OF APOPTOTSIS-RELATED
GENES: BcL-2, BcL-X1 AND BAx MRNA

RNA Extraction: Total RNA was extracted from heart
tissue using RNeasy Mini Kit (Cat. No. 74104 provided
by (Qiagen, Heidelberg, Germany). Quantification and
quality testing of the obtained RNA was done using Nan-
oDrop® ND-1000 Spectrophotometer (NanoDrop Tech-
nologies, Wilmington, Delaware USA). Only high purity
samples (OD 260/280 >1.8) were further used.

Reverse Transcription Reactions: One pg of total RNA
was reverse transcribed into cDNA using Qiagen 2Step

RT-PCR Kit (Cat. No. 205920) following the manufac-
turer instructions in a 20 pl total volume.
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Table 1: Primers used for RT-PCR method for Bcl-2, Bel-xL, Bax, and GAPDH

Genes Primers Product Size
Bcl-2 F:5-CTG GTG GAC AAC ATC GCT CTG-3’ 228 pb
R:5-GGT CTG CTG ACCTCA CTT GTG-3°
BelxL F:5-AGG CTG GCGATG AGTTTG AA-3° 357 pb
R: 5-TGA AAC GCT CCT GGC CTTTC-3"
Bax F: 5-TTCATC CAGGAT CGA GCA GA-3° 263 pb
R: 5-GCA AAG TAG AAG GCA ACG-3°
GAPDH F: 5-GGCCAAGAT CAT CCATGA CAA CT-3° 462 pb
R: 5-ACC AGG ACATGA GCT TGA CAA AGT-3°
PCR AMPLIFICATION ferences between CPK level in rats of C (Oh) or C (1h)

The PCR mixture contained 2 pl cDNA, 0.2 mM of each
dNTP, and the Taq polymerase buffer which contained 10
mM Tris-HCI pH 8.3, 50 mM KCI, 1.5 mM MgCl2, 7.5
pM of each primer and 1.5 U of Taq polymerase, and was
placed in a 2720 thermocycler (Applied Biosystems, USA).
Expression was normalized by glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) gene expression, which was
used as an internal housekeeping control. The list of prim-
ers sequence used was derived from Anarkooli et al. (2008)
and is presented in Table 1. PCR amplification conditions
were as follows: denaturation at 95°C for 4 min followed by
28 cycles of 95°C, 1 min; 55°C, 1 min; 72°C, 1 min for Bcl-
2 and Bcl-xl and annealing temperature of 58°C for Bax
and GAPDH. The 10 pl of PCR products were analyzed
on a 2% agarose gel stained with ethidium bromide in 1X
Tris acetate EDTA bufter (TAE), pH 8.3-8.5 (Stock solu-
tion was 50X from Bioshop® Canada Inc. Burlington). A
1X solution contained Tris 0.04 M, acetate 0.04M, EDTA,
0.001M. The electrophoretic picture was visualized by gel
documentation system (Bio Doc Analyze, Biometra, Ger-
many). The expression levels of the gene bands intensity on
gel were analyzed using Image J software (version 1.24).

HiISTOPATHOLOGICAL INVESTIGATIONS

Heart specimens were taken from different groups and
fixed in 10% buffered neutral formalin solution. Five-mi-
cron thick paraffin sections were prepared, stained by he-
matoxylin and eosin for histopathological examination
(Bancroft and Gamble, 2008).

STATISTICAL ANALYSIS

Data of the current study expressed as mean * standard
error was statistically analyzed using the computer pro-
gram SPSS/PC (2001). The statistical method was one way
ANOVA test.

RESULTS

ErreEcT oF ELECTROCUTION ON ENZYMATIC ACTIVITY
AND LI1PID PEROXIDATION

CPK, LDH and MDA levels as affected by electrocution
are summarized in Table 2. There was no significant dif-

groups while its level was significantly elevated in rats o
electrocuted group and more elevation observed after one
hour from death. LDH activity was highly significantly
increased in rats of electrocuted group compared to con-
trol groups with no effect of the time of sampling. MDA
content in heart of different groups was affected by the
cause of death and time of sampling where the heart tak-
en from electrocuted group at 1h postmortem showed the
highest MDA level followed by heart taken immediately
after electrocution while its level was lower in rats died by
cervical dislocation and autopsy was done 1h postmortem,
the lowest level was recorded in the samples taken imme-
diately after cervical dislocation.

Table 2: Effect of electrocution on creatine phosphokinase,
lactate dehydrogenase and malonaldehyde

Biomarkers
Groups Cpk (U/L) LDH (U/L) MDA (nmol/
gm tissue)
C(0h)  1112.28+70.08° 1023.85+273.4> 60.25+1.22¢
C(1h) 1194.14£174.2c 1089.0+£211.7° 80.12+1.14¢
E(0h)  2856.85+329.6° 2907.28 +79.3*  119.13+1.29"
E(1h)  3377.00+365.3* 3033.57+226.2* 150.63+2.55*

Figure 1: DNA fragmentation % in heart of rats from different
groups

ErFect  OF  ELECTROCUTION DNA
FRAGMENTATION PERCENT
The changes in DNA fragmentation percentage among

different groups are depicted in Figure 1. The DNA frag-

ON
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mentation percent in heart samples taken immediately
after death (COh; 5.2%) from rats killed by cervical dislo-
cation did significantly differ from those of samples taken
1h postmortem (C1h, 6.0%). Meanwhile, exposure of rats
to electric current till death resulted in a highly significant
increase in DNA Fragmentation percent than control to
be (20.12%) and numerically increased in samples taken
from electrocuted rats at 1h post mortem to be (21.40%),
indicating the extensive damage caused after electrocution.

ErrecT oF ELECTROCUTION ON MRINA EXPRESSION
LEVELS oF APoPTOSIS-RELATED GENES

The mRNA expression levels of Bcl-2, Bel-x1 and Bax inh
experimental groups are illustrated in Figure 2. The ex-
pressions of Bcl-2, Bel-xl were down-regulated in hearts

of electrocuted rats in comparison with control group. Bcl-
2 was affected by both type of death and time of sampling
where it showed a highly significant decrease in the E1h
group than all groups, while Bcl-xl was affected by only
cause of death but not by time of sampling where it was
significantly down-regulated in electrocuted rat hearts
(EOh and E1h) than control (COh and C1h). On the other
hand, the only significant up-regulation in Bax expression
was observed in E1h group compared to all other groups
in which there were no changes in the expression of Bax.

EFrFeECT OF ELECTROCUTION ON HISTOPATHOLOGICAL
CHANGES OF CARDIAC TISSUE

Microscopical examination results of heart tissue from dif-
ferent groups are shown in Figure 3. The heart taken from

Figure 2: The expression level of mRNAs of A) Bcl-2; B) Bel-xl; C) Bax; D) GAPDH genes in the heart tissue of rats from different

groups. (M - DNA marker (100 pb))
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Figure 3: Heart of control group (COh and C1h) showed normal muscle fiber run in different directions with acidophilic sarcoplasm
and oval nuclei (A and B). Heart from electrocuted group (EOh) showed necrosis and intramyocardial hemorrhage (C and D). Heart
of the electrocuted group (E1h) showed necrosis, fragmentation and contraction bands (E and F)

control group immediately after death by cervical disloca-
tion showed cardiac muscle fibers running in different di-
rections with acidophilic sarcoplasm and central pale oval
nuclei and the same findings were observed in heart tissue
that taken after 1h (Figure 3A and 3B). Histopatholog-
ical examination of the heart sections, taken immediate-
ly from rats exposed to electric current till death (EOh),
showed areas of intermyocardial hemorrhage with necrosis

in some areas (Figure 3C and 3D). While the heart taken

from electrocuted group after 1h of death showed necrosis
and fragmentation of some cardiac myocytes, contraction

bands and myocardial waviness (Figure 3E and 3F).

DISCUSSION

The effect of electric shock on the extent of myocardial
cellular injury in the present work was investigated by

measuring the levels of LDH and CPK. Exposure of rats
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to electric current till death resulted in a highly significant
elevation in the level of LDH enzyme immediately after
death and more elevation was observed in samples taken
1 h postmortem in comparison with control groups. LDH
level could reflect the degree of cell necrosis and its ele-
vated level in tissue and serum provides an index of death
of cells and disturbance of their membrane permeability
and indicates cell membrane disintegration and enzyme
leakage (Amin and Hamza, 2005). When CPK and LDH
levels are observed to be increased together, then this is
considered a strong indication of myocardial damage. Sim-
ilar results concerning the increased levels of LDH and
CPK following exposure to electric current were obtained
by Xenopoulos et al. (1991), Lichtenberg et al. (1993) and
Zack et al. (1997).

MDA, the marker of lipid peroxidation (LPO), can alter
the cell membrane functions and decrease cell survival by
interfering with membrane phospholipids and proteins
leading to cell injury and death (Sugihara et al., 1991). In
the present study, MDA showed a high significant increase
in response to electric shock and the peroxidative dam-
age was higher in the group that left for an hour before
autopsy than control group indicating a considerable state
of oxidative damage. Lipid peroxidation that occurred in
myocardial tissue may be implicated in the increased LDH
in to systemic circulation. Production of reactive oxygen
species (ROS) and increasing of lipid peroxides following
myocardial damage has been observed earlier (Domenech
et al., 2004)

Apoptosis is a type of programmed cell death which char-
acterized by changes in cell morphology either by chroma-
tin condensation, cell and nucleus shrinkage, blebbing of
membrane or DNA fragmentation (Wyllie, 1997; Kumar
et al., 2015). Apoptosis could be induced naturally during
development or as a result of some diseases such as cancer,
neurodegenerative disorders, autoimmune disease or viral
infection (Thompson, 1995; Chowdhury et al., 2006; El-
more, 2007; Lancellotti et al., 2009). It is a gene-regulated
process and the key element in it is a group of cytoplas-
mic proteins known as Bcl2 family (Thornberry and La-
zebnik, 1998). The two main members of this family are
Bcl-2 and Bax proteins which act in opposite directions
where Bcl-2 and Bcl-xL could protect cells by inhibiting
apoptosis, while Bax enhances apoptosis (Kroemer, 1997;
Ashkenazi and Dixit, 1998). In this study, the expressions
of Bcl-2 family members were assessed at mRNA level in
order to investigate the induction of apoptosis in hearts of
electrocuted rats and the results showed that electrocution
significantly down-regulate the Bcl-2, Bel-xl expressions
compared to control. Bcl-2 was affected by both type of
death and time of sampling while Bcl-xl was aftected by
only cause of death. On the other hand, the only signif-

icant up-regulation in Bax expression was observed in

E(1h) group compared to all other groups. On the line
with our findings, Badawy et al. (2015) stated that apop-
tosis was induced in heart of rats after exposure to low
voltage electrocution expressed by increasing the immu-
nostaining of apoptotic protein caspase 3. In a case of acute
heart infarction studied by Misao et al. (1996), in human
bcl2 was increased in saved myocytes to protect the cardiac
cells from apoptosis during the early infarction phase. Bcl2
also decreased in acute ischemic rat hearts (Celkan et al.,
2007). Pro-apototic members of Bcl-2 family, increased
intracellular calcium and ROS generation were reported
to be the main reasons for releasing of the apoptogenetic
mediators from mitochondria (Friedlander, 2003) and this
agrees with our findings and explain them.

Regarding the histopathological findings in the heart tis-
sue of electrocuted rats obtained in this study, interstitial
hemorrhage was observed in some areas. Appearance of
necrosis and fragmentation in some cardiac myocytes was
also seen. In addition, contractile bands and waviness of
heart muscle were recorded. All these changes are totally in
agreement to those of Tuttnauer et al. (2006) and Badawy
et al. (2015). The histopathological alteration of heart tis-
sue including myocardial cell segmentation and hyper con-
traction, ischemia and hemorrhage in addition to square
nuclei after electrocution were also observed by Fineschi
et al. (2007), Franchet et al. (2013) and Viswakanth and
Shruthi (2015). These changes could be returned to the
ability of electric current to induce vascular injury on heart
muscle and interfere with oxygen and blood supply to the
heart leading to infarction and ischemia (Hackel and Jen-
nings, 1988). Electric current can directly cause damages
the integrity and disturb the resting potential of cellular
membrane consequently lead to influx of water and sol-
utes, cellular edema and finally cell destruction (Leibov-
ici et al.,, 1995). Additionally, exposure of the living cells
to electricity can also trigger their necrosis or apoptosis
through formation of pores (electroporation) and allow-
ing influx of calcium into cytoplasm. Excess calcium as a
result of ischemia can activate cell contraction leading to
formation of contractile bands and necrosis as reported by
Rodriguez-Sinovas et al. (2007). This comes on line with
the results obtained in the present study concerning the
effects of electrocution on LDH, CPK and MDA levels
and the effect of sampling time on their release

CONCLUSION

Taking together, it may be concluded that the electric cur-
rent causes extensive damage and DNA fragmentation in
cardiac muscle, in which apoptosis plays an important role
especially the Bcl2 family possibly through down-regula-
tion of the anti-apoptotic genes Bcl-2 and Bcl-xL expres-
sions and up-regulation of the pro-apoptotic gene Bax.
Moreover, some alternative methods such as biochemical
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analysis, histopathological examination and DNA frag-
mentation could be used to support the results of Bcl-2
family gene expression to confirm the electrocution as the
principle cause of death either the samples taken immedi-
ately after death or early post-mortem.

ACKNOWLEDGEMENTS

All the authors of the manuscript thank and acknowledge
their respective Universities and Institutes.

CONFLICT OF INTEREST

'The authors declare that they have no competing interests.

AUTHORS’ CONTRIBUTION

Mayada Ragab Farag designed the study, analyzed the
data, collected literatures and drafted the manuscript and
Kuldeep Dhama reviewed and performed the final check.

REFERENCES

*Amin A, Hamza AA (2005). Oxidative stress mediates drug-
induced hepatotoxicity in rats: a possible role of DNA
fragmentation. Toxicol. 208(3): 367-375. http://dx.doi.
org/10.1016/j.tox.2004.11.039

* Anarkooli IJ, Mojtaba S, Shahriar A, Abdol-ReZa V, Hossein
H (2008). Evaluation of Bcl-2 Family Gene Expression
and Caspase-3 Activity in Hippocampus STZ-Induced
Diabetic Rats. Exp. Diabetes Res. Article ID 638467. Pp. 6.
http://dx.doi.org/10.1155/2008/638467

*Arnoldo B, Klein M, Gibran NS (2006). Practice guidelines
for the management of electrical injuries. J. Burn Care
Res. 27(4): 439-447. http://dx.doi.org/10.1097/01.
BCR.0000226250.26567.4C

*Ashkenazi A, Dixit VM (1998). Death receptors: signaling
and modulation. Sci. 281(5381): 1305-1308. http://dx.doi.
org/10.1126/science.281.5381.1305

*Badawy SM, Mahmoud BL, Hamad SAE, El Fiky AK, El
Agmy SES (2015). Effects of low-voltage electrocution
on hearts of male albino rats: a histopathological and
immunohistochemical study. Menoufi. Med. ]. 28(4): 941-
947.

*Bancroft, JD, Gamble M (2008). Theory and Practice of
Histological Techniques. 5% ed., Churchill Livingstone.
New York, London, Philadelphia.

*Begriche K, Igoudjil A, Pessayre D, Fromenty B (2006).
Mitochondrial dysfunction in NASH: causes, consequences
and possible means to prevent it. Mitochondrion. 6(1):
1-28. http://dx.doi.org/10.1016/j.mito.2005.10.004

*Berthelet ] and Dubrez L (2013). Regulation of apoptosis by
inhibitors of apoptosis (IAPs). Cells. 2(1): 163-187. http://
dx.doi.org/10.3390/cells2010163

*Celkan MA, Ustiinsoy H (2007). Sican iskemi-reperfiizyon
modelinde  iskemik  6nkosullanmanin  miyokardiyal
apoptoza etkisi (In Turkish). Turkish J. Thorac. Cardiovasc.
Surg. 15(2): 108-112.

*Chidambaranathan N, Nalini G, Jegan N, Santhanakumar

M (2015). Cardioprotective effect of aegle marmelos bael
against doxorubicin induced myocardial toxicity in albino
rats. Int. J. Pharmacol. Res. 5(5): 256-260.

*Chowdhury I, Tharakan B, Bhat GK (2006). Current concepts in
apoptosis: the physiological suicide program revisited. Cell.
Mol. Biol. Letters. 11: 506-525. http://dx.doi.org/10.2478/
$11658-006-0041-3

*Doménech P, Carbonell L, Pérez Cérceles MD, Falcén M,
Luna A, Osuna E (2004). Application of postmortem lipid
peroxidation in heart tissue to the diagnosis of myocardial
damage. Int. J. Legal Med. 118(1): 19-23. http://dx.doi.
org/10.1007/s00414-003-0410-7

*Droge W (2002). Aging-related changes in the thiol/disulfide
redox state: implications for the use of thiol antioxidants.
Exper. Geront. 37 (12):1333-45. http://dx.doi.org/10.1016/
S0531-5565(02)00175-4

*Elmore S. 2007. Apoptosis: a review of programmed cell
death. Toxicol. Pathol. 35(4): 495-516. http://dx.doi.
0rg/10.1080/01926230701320337

*Fineschi V, Turillazzi E, Fiore C, Neri M, Rossi G, Riezzo 1
(2007). Hepatic ‘split lesion’ in a fatal electrocution case.
Burns. 33(8): 1065-1069. http://dx.doi.org/10.1016/j.
burns.2007.07.010

*Fish R (1993a). Electric shock: Part I. Physics and
Pathophysiology. J. Emerg. Med. 11(3): 309- 12. http://
dx.doi.org/10.1016/0736-4679(93)90051-8

*Fish R (1993b). Electric shock: Part II. Nature and mechanisms
of injury. J. Emerg. Med. 11(4): 457-62. http://dx.doi.
0rg/10.1016/0736-4679(93)90250-B

*Franchet C,Savall F, Guilbeau-Frugier C (2013). Electrocutions:
Contributionof histopathological examination. Report of
two cases. ]. Forensic Med. 4: 97-102.

*Friedlander RM (2003). Apoptosis and caspases in
neurodegenerative diseases. New Engl. J. Med. 348(14):
1365-1375. http://dx.doi.org/10.1056/NEJMra022366

*Gay RJ, McComb RB, Bowers GN (1968). Optimum reaction
conditions for human lactate dehydrogenase isoenzymes as
they affect total lactate dehydrogenase activity. Clin. Chem.
14(8): 740-753.

*Hackel D, Jennings R (1988). In: E Rubin, JL Farber, edsitors.
The heart Pathology, J.B. Lippincott. 11: 496-541.

*Hussmann J1, Zamboni WA, Russell RC, Roth AC, Kucan JO,
Suchy H, Bush K, Bradley T, Brown RE (1995). A model
for recording the microcirculatory changes associatedwith
standardized electrical injury of skeletal muscle. J. Surg. Res.
59(6): 725-732. http://dx.doi.org/10.1006/jsre.1995.1230

*Kroemer G (1997). The proto-oncogene Bcl-2 and its role
inregulating apoptosis. Nature Med. 3(6): 614-620. http://
dx.doi.org/10.1038/nm0697-614

*Kumar R, Patel SK, Rami Reddy B. V., Bhatt M, Karthik K,
Gandham RK, Malik YS, Dhama K (2015). Apoptosis and
other alternate mechanisms of cell death. Asian J. Anim.
Vet. Adv. 10(10): 646-668. http://dx.doi.org/10.3923/
ajava.2015.646.668

*Kurtulus A, Acar K, Adiguzel E, Boz B (2009). Hippocampal
neuron loss due to electric injury in rats: a stereological
study. Leg. Med. 11(2): 59-63. http://dx.doi.org/10.1016/j.
legalmed.2008.08.001

*Lancellotti M, Pereira RFC, Cury GG, de Hollanda LM,
Clarke P, Tyler KL, (2009). Apoptosis in animal models
of virus-induced disease. Nat. Rev. Microbiol. 7: 144-155.
http://dx.doi.org/10.1038/nrmicro2071

*Leibovici D, Shemer J, Shapira SC (1995). Electrical injuries:

May 2016 | Volume 4 | Issue 5 | Page 264

=SS


http://dx.doi.org/10.1016/j.tox.2004.11.039
http://dx.doi.org/10.1016/j.tox.2004.11.039
http://dx.doi.org/10.1155/2008/638467
http://dx.doi.org/10.1097/01.BCR.0000226250.26567.4C
http://dx.doi.org/10.1097/01.BCR.0000226250.26567.4C
http://dx.doi.org/10.1126/science.281.5381.1305
http://dx.doi.org/10.1126/science.281.5381.1305
http://dx.doi.org/10.1016/j.mito.2005.10.004
http://dx.doi.org/10.3390/cells2010163
http://dx.doi.org/10.3390/cells2010163
http://dx.doi.org/10.2478/s11658-006-0041-3
http://dx.doi.org/10.2478/s11658-006-0041-3
http://dx.doi.org/10.1007/s00414-003-0410-7
http://dx.doi.org/10.1007/s00414-003-0410-7
http://dx.doi.org/10.1016/S0531-5565(02)00175-4
http://dx.doi.org/10.1016/S0531-5565(02)00175-4
http://dx.doi.org/10.1080/01926230701320337
http://dx.doi.org/10.1080/01926230701320337
http://dx.doi.org/10.1016/j.burns.2007.07.010
http://dx.doi.org/10.1016/j.burns.2007.07.010
http://dx.doi.org/10.1016/0736-4679(93)90051-8
http://dx.doi.org/10.1016/0736-4679(93)90051-8
http://dx.doi.org/10.1016/0736-4679(93)90250-B
http://dx.doi.org/10.1016/0736-4679(93)90250-B
http://dx.doi.org/10.1056/NEJMra022366
http://dx.doi.org/10.1006/jsre.1995.1230
http://dx.doi.org/10.1038/nm0697-614
http://dx.doi.org/10.1038/nm0697-614
http://dx.doi.org/10.3923/ajava.2015.646.668
http://dx.doi.org/10.3923/ajava.2015.646.668
http://dx.doi.org/10.1016/j.legalmed.2008.08.001
http://dx.doi.org/10.1016/j.legalmed.2008.08.001
http://dx.doi.org/10.1038/nrmicro2071

OPENaACCESS

Advances in Animal and Veterinary Sciences

Current concepts. Injury. 26(9): 623-627. http://dx.doi.
0rg/10.1016/0020-1383(95)00130-2

*Lichtenberg R, Dries D, Ward K, Marshall W, Scanlon P (1993).
Cardiovascular effects of lightning strikes. J. Am. Coll.
Cardiol. 21(2): 531- 6. http://dx.doi.org/10.1016/0735-
1097(93)90699-2

*Michiue T, Ishikawa T, Zhao D, Kamikodai Y, Zhu BL, Maeda
H (2009). Pathological andbiochemical analysis of the
pathophysiology of fatal electrocution in five autopsy cases.
Leg. Med. 11(Suppl 1): S549¢52.

*Misao J, Hayakawa Y, Ohno M, Kato S, Fujiwara T, Fujiwara H
(1996). Expression of bcl-2 protein, an inhibitor of apoptosis,
and Bax, an accelerator of apoptosis,in ventricular myocytes of
human hearts with myocardial infarction. Circulation. 94(7):
1506-1512. http://dx.doi.org/10.1161/01.CIR.94.7.1506

*Miyashita T, Reed JC (1993). Bcl-2 oncoprotein blocks
chemotherapy-induced apoptosis in a human leukemia cell
line. Blood. 81(1): 151-157.

*Nagata S (1997). Apoptosis by death factor. Cell. 88: 355-365.
http://dx.doi.org/10.1016/50092-8674(00)81874-7

*Ohkawa H, Ohishi N, Yagi K (1979). Assay for lipid peroxides
in animal tissues by thiobarbituric acid reaction. Anal.
Biochem. 95(2): 351-8. http://dx.doi.org/10.1016/0003-
2697(79)90738-3

*Piro FR, di Gioia CRT, Gallo P, Giordano C, d’Amati G
(2000). Is apoptosis a diagnostic marker of acute myocardial
infarction? An autopsy study comparing histologic,
immunohistochemical, TUNEL, and DNA electrophoresis
evidence. Arch. Pathol. Lab. Med. 124(6): 827-831.

*Purdue GF, Hunt JL (1986). Electrocardiographic monitoring
after electricalinjury: necessity or luxury. J. Trauma. 26(2):
166— 7. http://dx.doi.org/10.1097/00005373-198602000-
00013

*Rodriguez-Sinovas A, Abdallah Y, Piper HM, Garcia-Dorado
D (2007). Reperfusion injury as a therapeutic challenge in
patients with acute myocardial infarction. Heart Fail. Rew.
12(3-4): 207-216. http://dx.doi.org/10.1007/s10741-007-
9039-9

+SPSS (2001). SPSS / PC+ (2001), for the PC / XT. SPSS Inc.

*Stone N, Karamitopoulos M, Edelstein D, Hashem ], Tucci J.
(2014). Bilateral distal radius fractures in a 12-year-old boy
after house-hold electrical shock: case report and literature

summary. Case Rep. Med. 2014: 235756. http://dx.doi.
org/10.1155/2014/235756

*Suematsu N, Tsutsui H, Wen J, Kang D, Ikeuchi M, Ide T,
Hayashidani S, Shiomi T, Kubota T, Hamasaki N, Takeshita
A (2003). Oxidative stress mediates tumor necrosis factor-
alpha-induced mitochondrial DNA damage and dysfunction
in cardiac myocytes. Circulation. 107(10): 1418-23. http://
dx.doi.org/10.1161/01.CIR.0000055318.09997.1F

*Szasz G, Gruber WE (1976). Creatine kinase in serum: 1.
Determination of optimum reaction conditions. Clin. Chem.
22:650-655.

*Sugihara T, Rawicz WEA, Hebbel RP (1991). Lipid
hydroperoxides permit deformation-dependent leak of
monovalent cation from erythrocytes. Blood. 77: 2757-2763.

*Thompson CB (1995). Apoptosis in the pathogenesis and
treatment of disease. Sci. 267(5203): 1456-62. http://dx.do.
org/10.1126/science.7878464

*Thornberry NA, Lazebnik Y (1998). Caspases: Enemies within.
Sci. 281(5381): 1312-1316. http://dx.doi.org/10.1126/
science.281.5381.1312

*Tuttnauer A, Sara C, Mordzynski M, Weiss Y (2006). Electrical
and lightning injuries. Contemp. Crit. Care. 4: N7.

*Viswakanth B and Shruthi P (2015). Low voltage electrocution
deaths and histopathological findings: One-year prospective
autopsy study. J. Curr. Forensic Sci. Res. 1: 1-5.

*Wang Y, Liu M, Cheng W, Liao FLZ, Wang Y (2008).
Endothelial cell membrane perforation of aorta and
pulmonary artery in the electrocution victims. Forensic Sci.
Int. 178(2€3): 204e6.

*Wright RK, Davis JH (1980). The investigation of electrical
deaths: a report of 220 fatalities. J. Forensic Sci. 25(3): 514-
21. http://dx.doi.org/10.1520/JFS11252]

*Wyllie AH (1997). Apoptosis: an overview. Brit. Med. Bull.
53(3): 451-465. http://dx.doi.org/10.1093/oxfordjournals.
bmb.a011623

*Xenopoulos N, Movahed A, Hudson P, Reeves WC (1991).
Myocardial injury inelectrocution. Am. Heart J. 122
(5): 1481-1484. http://dx.doi.org/10.1016/0002-
8703(91)90599-D

*Zack F, Hammer U, Klett I, Wegener R (1997). Myocardial
injury due to lightning. Int. J. Legal Med. 110(6): 326- 8.
http://dx.doi.org/10.1007/s004140050097

May 2016 | Volume 4 | Issue 5 | Page 265

s


http://dx.doi.org/10.1016/0020-1383(95)00130-2
http://dx.doi.org/10.1016/0020-1383(95)00130-2
http://dx.doi.org/10.1016/0735-1097(93)90699-2
http://dx.doi.org/10.1016/0735-1097(93)90699-2
http://dx.doi.org/10.1161/01.CIR.94.7.1506
http://dx.doi.org/10.1016/S0092-8674(00)81874-7
http://dx.doi.org/10.1016/0003-2697(79)90738-3
http://dx.doi.org/10.1016/0003-2697(79)90738-3
http://dx.doi.org/10.1097/00005373-198602000-00013
http://dx.doi.org/10.1097/00005373-198602000-00013
http://dx.doi.org/10.1007/s10741-007-9039-9
http://dx.doi.org/10.1007/s10741-007-9039-9
http://dx.doi.org/10.1155/2014/235756
http://dx.doi.org/10.1155/2014/235756
http://dx.doi.org/10.1161/01.CIR.0000055318.09997.1F
http://dx.doi.org/10.1161/01.CIR.0000055318.09997.1F
http://dx.doi.org/10.1126/science.7878464
http://dx.doi.org/10.1126/science.7878464
http://dx.doi.org/10.1126/science.281.5381.1312
http://dx.doi.org/10.1126/science.281.5381.1312
http://dx.doi.org/10.1520/JFS11252J
http://dx.doi.org/10.1093/oxfordjournals.bmb.a011623
http://dx.doi.org/10.1093/oxfordjournals.bmb.a011623
http://dx.doi.org/10.1016/0002-8703(91)90599-D
http://dx.doi.org/10.1016/0002-8703(91)90599-D
http://dx.doi.org/10.1007/s004140050097

