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ABSTRACT Snakebite envenomation is one of the most important health problems all over the world. These envenomations 
are responsible for lethality as well as tissue damage and dysfunction. The effects of envenomation on post mortem 

changes are not well investigated. The aim of this study was to explore the possible influences of Egyptian cobra (Naja haje) on the postmor-
tem events. A total of 40 male Sprague-Dawley rats were divided into two groups: a control group was injected IM with phosphate buffer 
saline and envenomated group was injected with venom at a dose of 0.1 µg/gm.b.wt. (4 time the LD50). Groups were subdivided into four sub-
groups of five animals each. Blood samples were obtained soon after death while, tissue samples were obtained at 0, 2, 4 or 6hs after death. 
Our results revealed that N. haje venom had altered post mortem changes including the early changes (post mortem cooling, hypostasis, rigor 
mortis and secondary flaccidity) as well as hematological and biochemical parameters. All organs were deteriorated by the cobra venom.

INTRODUCTION
Snakes are cold-blooded vertebrates, and some species possess 
dangerous venoms.  Snake venom is a complex mixture com-
posed of different substances, such as toxins, enzymes, growth 
factors activators and inhibitors with a variety of biological ac-
tivities that cause multiple metabolic disorders, changing cellu-
lar and enzymatic activities in animals as well as releasing many 
pharmacological substances. (Al-Sadoon et al., 2013,  Cherifi and 
Laraba-Djebari, 2013  and Tohamy et al., 2014). Cobra snakes 
are widely distributed all over the world especially in Africa 
and the Middle East, they are belonging to the Elapidae family. 
In Egypt, Egyptian cobra Naja haje (N. haje) spreads in Nile Val-
ley and Delta, Fayoum and Western Desert. Cobra envenoming 
is known to produce damage of many organs, causing death in 
case of severe envenoming (  Cher et al., 2005). N. haje is one of 
the most dangerous snake species in the world that provokes 
a high number of deaths (Li et al., 2004).  N. haje cobra venom 
contains a mixture of many different proteins, including a vari-
ety of enzymes (proteases and phospholipases), non-enzymatic 
polypeptide toxins (neurotoxins and cardiotoxins) along with 
other substances (Binh et al., 2010). 

The toxicity of the venoms of Naja species has been attributed to 
the presence of cardiotoxins or other cytotoxins (cytotoxin P4) 
and nigexine (basic phospholipase A2) (Chwetzoff et al., 1989). 
Liver is considered as one of the most affected organs by cobra 
venom, many reports showing that snake venoms causing dam-
age of the hepatocytes  with an increasing of  liver integrity se-
rum parameters   (Fu et al.,1997, Omran  et al.,1997, Rahmy and 
Hemmaid, 2000 and Al-Sadoon et al., 2012).  

Desert cobra, Walterinnesia aegyptia, was reported to alter to-
tal proteins in serum, abdominal muscles and brain; it also im-
paired hepatic and renal functions and inducing various patho-
logical changes. Serum, myocardial and total proteins, glucose 
and to alter liver (Al-Jammaz et al., 1992 and Al-Jammaz et al., 
1994 and Al-Sadoon et al.,2013). There was observed reduction 
in serum total albumin, uric acid, cholesterol and phosphorus 
along with calcium levels and disturbances in serum electrolyte 
levels (Al-Jammaz, 2001).

Mukhopadhyay et al., (2010) reported that The fatal bites by Naja 
naja (Indian Cobra) showed serious histo-pathologicl changes 
in kidneys including Intense medullary congestion and Cortical 
hemorrhage with tubular and cortical. 

Many literatures discussed the toxic effects of cobra bites on 
alive animal but, to our knowledge, there are no studies inves-

tigated the effects of Cobra envenomation on the post mortem 
changes. The aim of this study was to explore the possible influ-
ences of Egyptian cobra N. haje on the postmortem events in 
male Sprague-Dawley rats.

2. MATERIALS AND METHODS
2.1. Venom collection and preparation
Venom was obtained from an adult  venomous elapid snakes 
(Naja Haje Cobra). The snakes were stimulated for milking and 
collecting venom, and then the fresh venom was lyophilized and 
preserved at –20°C until use. At use, the venom was dissolved in 
phosphate buffered saline (PBS), pH 7.2, to obtain the dose (0.1 
µg /gm.b.wt.).

2.2. Animals and experimental design
A total of 40 male Sprague-Dawley rats (140-150 g) obtained 
from animal Health Research Institute and kept one weak for 
acclimatization. Rats were divided into two groups: a control 
group was injected IM with PBS and envenomated group was in-
jected with venom at dose of 0.1 µg/gm.b.wt. (4 times the LD50, 
Rahmy and Hemmaid, 2001). Groups were subdivided into four 
subgroups of five animals each. Blood was collected soon after 
death by cardiac puncture and serum was prepared. Tissue sam-
ples were obtained at 0, 2, 4 or 6 hrs after death. Rate of cooling, 
progress of rigor mortis and color of hypostasis were recorded. 
The present experiment was approved by the Committee of Eth-
ics in Faculty of veterinary medicine, Suez Canal University.

2.3. Histological Examination
The following organs were collected: skeletal and cardiac mus-
cles, kidneys, liver and lungs then fixed in 10% buffered formalin. 
After standard processing of the tissue, 5µm sections were pre-
pared and stained with H&E. The slides then studied under light 
microscope.

2.4. Biochemical Analysis
After blood collection, serum was separated by centrifugation 
and CRP was estimated by a commercial kits (GenWay Biotech 
Inc., San Diego, USA) (Tietz, 1995). ATP and lactic acid were de-
termined in cardiac and skeletal muscles after 2, 4, or 6 hours 
intervals. ATP was evaluated using the ATP assay kits (abcam®, 
Cambridge, UK) while, lactic acid was assessed using the lactate 
assay kits (BioVision, Inc. USA). In line with every post-mortem 
examination, the vitreous humor was obtained using a 20-gauge 
needle. The vitreous humor was gently withdrawn by syringe, 
and each sample was placed in a separate 13-ml sample tube 
(polypropylene container, screw top). To prevent degradation, 
the samples were stored at -18 °C until used to evaluate Na, Cl 
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and K electrolytes levels. Na, Cl and K were estimated according 
to the method described by (Wu, 2006) using BQ kits (BQ Kits, 
Inc. San Diego, USA). 

2.5. Statistical Analysis
Data of normal distribution were expressed as means ± S.D.M. 
The values obtained were analyzed initially using Bartlett’s test 
for homogeneity of variance. In case of homogeneity, Student’s t-
test was used. In case of heterogenic variance, the nonparamet-
ric Kruskal-Wallis test was used to compare between envenom-
ated and control groups. In all cases, the considered statistical 
significance level was p≤0.05. Data analysis was carried out us-
ing the software program;Systat.SigmaPlot.v11.0-NULL. 
 
3. RESULTS
3.1. Early post mortem changes:
Soon after death, body temperature was fallen faster in enveno-
mated animals than in control (approximately 33°C and 36°C  
in envenomated and control rats, respectively) while, it was 
the same at 3 and 6 hours after death (around 29°C and 27°C 
at 3 and 6 hrs, respectively) in both envenomated and control 
groups. Hypostasis was not clear in control groups while, it was 
faint violet in groups that administered the N. haje venom espe-
cially at 4 hours after death (Figure 1).

fig. 1: Degree of hypostasis in envenomated animals com-
pared with control at 4 hrs after death.

Rigor mortis was started about 1.5 hrs after death in all groups, 
but its progression and strength of the rigidity were more pow-
erful in the envenomated groups compared with the control. 
Moreover, secondary flaccidity and putrefaction were occurred 
faster in rats that injected with the venom than the normally 
died rats (started around 4.5 hrs after death in envenomated 
groups and almost 6 hrs after death in control rats), At about 36 
hrs intervals the rats were completely decayed.

3.2. Histological findings:
Brain, heart, kidney, liver, skeletal muscles and spleen were ex-
amined histologically at different intervals (0, 2, 4, and 6 hrs). At 
0 time, in control rats: the organs were almost normal except 
moderate edema in heart, moderate hydropic degeneration in 
liver and few hemosiderin pigments in spleen. In envenomated   
rats: brain showed moderate focal degeneration with focal inter-
stitial edema and degenerated neurons, heart showed minimal 
focal degeneration of the myofibrils with moderate interstitial 
edema, liver showed focal inflammatory infiltrate within portal 
areas and moderate sinusoidal dilatation with bile pigments, 
spleen:  showed preserved white and red pulp with scattered 
hemosidren pigments indicating mild hemolytic process, kidney 
and skeletal muscle were almost normal. At 2 hrs interval, the 
situation was almost same as at 0 time. At 4 hrs, in envenom-
ated group brain showed marked degeneration of the fibrillary 

matrix with focal interstitial edema and degenerated neurons, 
heart showed moderate degeneration of the myofibrils with 
marked interstitial edema, liver revealed mild inflammatory in-
filtrate within portal areas, bile pigments accumulation with 
partially disturbed architecture and marked hydropic degen-
eration of hepatocytes and spleen showed decreased white and 
expanded red pulp with many hemosiderin pigments while, in 
the control group all organs were normal except mild edema 
in heart  and few hemosiderin pigments in spleen. The situa-
tion was worth at 6 hrs after death in envenomated rats, brain 
showed marked degeneration of the fibrillary matrix with focal 
interstitial edema and degenerated neurons and increased glial 
activity, heart showed moderate degeneration of the myofibrils 
with moderate interstitial edema, kidney showed distorted ar-
chitecture with moderate degeneration of the tubular epithelium 
and glomeruli beside of  moderate edema, liver exhibited mini-
mal inflammatory infiltrate within portal areas, bile pigments 
accumulation with partially disturbed architecture and marked 
hydropic degeneration of hepatocytes, there were moderate 
interstitial edema and moderate degeneration in the skeletal 
muscles, and spleen showed decreased white and markedly ex-
panded red pulp with many hemosiderin pigments indicating 
marked hemolytic process. In the control rats there were mild 
degenerative changes in all examined organs, heart exhibited 
mild edema and there were few pigments in spleen. The histo-
pathological alternations in the organs of envenomated animals, 
compared with that of control animals (at 6 hrs after death) are 
shown in Fig. 2.

Fig. 2: Effects of Naja haje cobra venom on different organs at 
6hrs after death compared with control.  Sections were stained 
with Hematoxylin & Eosin stain (400× magnification). 
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3.3. Hematological results:
There were significant increase in red blood cell (RBCs) count, 
hemoglobin (HB) level and hematocrit (HCT) value in envenom-
ated animals compared with control at p≤0.05 (table 1).

3.4. Biochemical analysis
C-reactive protein (CRP) was significantly increased soon after 
death in rats that injected with the venom in comparison with 
the control rats (p≤0.05) as showed in (table 1). Electrolytes con-
centrations in vitreous humor did not affected with the N. haje 
venom at any of the time intervals (table 2). Adenosine triphos-
phate (ATP) level was significantly decreased in envenomated 
animals’ skeletal muscles at 0, 2 and 4 hours after death while, 

it was decreased significantly in cardiac muscles immediately af-
ter death, in relation to control levels (p≤0.05). Lactic acid con-
centration in skeletal muscles of the envenomated animals was 
significantly higher than the control at 2 and 4 hours (p≤0.05). 
Lactic acid was nearly the same in cardiac muscles of both en-
venomated and control groups. ATP and lactic acid results are 
expressed in (table 3).

Table (1): Blood and serum parameters in control and en-
venomated groups

Parameter
Groups

Control Envenomated

RBCs (106/ul) 6.47 ± 0.65 8.90 ± 1.10*

HGB g/dl 11.4 ± 0.91 15.7 ± 1.67*

HCT % 37.3 ± 2.72 50.2 ± 5.00*

MCV fL 58.0 ± 1.61 56.7 ± 3.26

WBCs (103/ul) 7.87 ± 1.39 9.00 ± 3.17

PLT (103/ul) 381 ± 85.5 620 ± 177

CRP mg/L 7.14 ± 0.59 16.3 ± 2.23*

Data are expressed as means ± SDM of five rats per group. 
Red blood cells (RBCs), hemoglobin (HGB), hematocrit 
(HCT), mean corpuscular volume (MCV), white blood cells 
(WBCs),  platelets (PLT) and C-reactive protein (CRP).
* Significantly different from sham group using Student’s t-
test at P ≤ 0.05.

Table (2): Electrolyte concentrations  in vitreous humor of control and envenomated groups

Electrolyte
Groups

Control Envenomated

0 hrs 2 hrs 4 hrs 6 hrs 0 hrs 2 hrs 4 hrs 6 hrs

Na mmol/L 150 ± 11.1 143 ± 9.84 145 ± 11.6 149 ± 10.0 157 ± 15.7 148 ± 9.50 152 ± 11.0 154 ± 12.3

K
mmol/L 6.09 ± 0.74 5.33 ± 0.60 5.41 ± 0.52 5.26 ± 1.02 6.27 ± 0.61 5.76 ± 0.85 5.69 ± 0.54 5.72 ± 0.90

Cl
mmol/L 132 ± 11.8 112 ± 8.51 108 ± 9.00 125 ± 11.7 128 ± 16.5 124 ± 10.7 125 ± 9.85 134 ± 10.5

Data are expressed as means ± SDM of five rats per group. Sodium (Na), potassium (K) and chloride (Cl)
* Significantly different from sham group using Student’s t-test at P ≤ 0.05.
Table (3): ATP and lactic acid concentrations in skeletal and cardiac  muscles of control and envenomated groups

Parameter

Groups

Control Envenomated

0 hrs 2 hrs 4 hrs 6 hrs 0 hrs 2 hrs 4 hrs 6 hrs

Skeletal 
muscles

ATP nmol/gm 1.85 ± 0.09 1.81 ± 0.25 1.66 ± 0.14 2.03 ± 0.19 1.50 ± 0.14* 1.28 ± 0.06* 1.32 ± 0.09* 1.90 ± 0.18

Lactic acid nmol/
gm 1.81 ± 0.09 1.23 ± 0.13 1.50 ± 0.11 1.77 ± 0.10 1.66 ± 0.13 1.80 ± 0.10* 1.73 ± 0.09* 1.72 ± 0.10

Cardiac muscles

ATP nmol/gm 3.93 ± 0.57 2.91± 0.32 2.24 ± 0.42 2.57 ± 0.55 2.79 ± 0.40* 2.36 ± 0.35 1.88 ± 0.11 1.80 ± 0.50

Lactic acid nmol/
gm 1.76 ± 0.10 1.56 ± 0.11 1.83 ± 0.09 1.95 ± 0.24 2.01 ± 0.17 1.66 ± 0.11 1.88 ± 0.22 2.15 ± 0.26

Data are expressed as means ± SDM of five rats per group. Adenosine triphosphate (ATP).
* Significantly different from sham group using Student’s t-test at P ≤  0.05.
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4. Discussion
Snakebite envenomation is one of the most important, al-
though neglected, health problems all over the world, par-
ticularly in Africa, Asia, and Latin America (Gutiérrez et al., 
2006, WHO, 2007 and Alirol et al., 2010). In addition to lethal-
ity, these envenomations are induced prominent tissue dam-
age leading to tissue loss and dysfunction. Many literatures 
(Tan, 1991, Omran et al.,1997, Chafer, 2004, Cher et al., 2005, 
Sejrsen and Nielsen, 2006, Fung et al., 2009, Al- Sadoon et 
al., 2013 and tohamy et al., 2014) discussed the toxic effects 
of the snake venom but how the snake venom alters the post 
mortem events is not fully known. Our study focused on the 
effects of the egyptian cobra Naja haje on the post mortem 
changes. 

The early changes after death (post mortem cooling, hypostasis 
and rigor mortis) were faster and more pronounced in case of 
envenomation.

Our histopathological findings showed that most of the or-
gans were deteriorated by the venom, and these results were 
in agreement with the results of (Mohamed et al., 1978 and 
tohamy et al., 2014) which indicated that Naja haje envenom-
ation resulted in a severe inflammatory response of the liver, 
as indicated by cytoplasmic vacuolation and degeneration of 
hepatocytes. Also, some kidney tubules were vacuolated with 
shrunken glomeruli. (Tan, 1991, Cher et al., 2005and Fung et 
al., 2009) reported that injection of sub-lethal dose of Malay-
an cobra (Naja sputatrix) venom induced alterations in heart, 
brain, kidney, liver and lung. 

Hematological results  were consistent with Chafer, (2004) 
and Sejrsen and Nielsen, (2006) that reported Polycythemia 
caused by venom as a  result of kidney or liver failure or an 
imbalance in the hemoglobin composition leading to a de-
crease in plasma volume and thus increasing the amount of 
hematocrit. This lead in turn to a case of hemoconcentra-
tion,  and that Hb increase could be attributed to a physi-
ological mechanism attempting to restore the normal blood 
composition and counteract hypoxia caused by the venom 
initial . (Ferreiraet al., 2005) stated that snake venom pro-

duces a prominent local edema which is responsible for sig-
nificant fluid loss and can be contributed to tissue injury and 
ischemia. 

C-reactive protein (CRP) was significantly increased soon after 
death in rats that injected with the venom in comparison with 
the control rats, and this is matching with the previous studies 
as the serum level of C-reactive protein (CRP) increase during 
inflammation, infection and tissue damage caused by venom, in 
response to stimulation by cytokines, mainly interleukin-6 that 
released from macrophages as a defense mechanism against the 
venom (Pepys and Hirschfield, 2003).

Our results revealed that, ATP was decreased in skeletal and 
cardiac muscles after envenomation with Naja haje cobra while 
lactic acid was increased compared with the control. These re-
sults are in harmony with (Fahim, 2001, El-Refael and Sarkar, 
2009; Evangelista et al., 2010). It is known that snake venom 
causes muscle contraction, and this may explain the rapid de-
pletion of ATP. Moreover, venom frequently contains ATPase, 
which promotes the hydrolysis of ATP (Anthony, 1991). Cintra-
Francischinelli et al., (2010) mentioned that after snake bite the 
toxin-damaged muscle fibers liberate ATP into the extracellu-
lar environment. Snake venoms contain proteins with different 
toxicological functions and special pharmacological effects that 
cause cellular damage. The venom directly affects body muscles 
cause protein degradation due to its proteolytic effect (El-Refael 
and Sarkar, 2009). Lactic acid was produced from the damaged 
muscles and as a byproduct of anaerobic metabolism after 
death.

4. CONCLUSION
This is a first-hand investigation showing the effect of   cobra en-
venomation on the post mortem changes, we can summarize that 
Egyptian cobra Naja haje had altered post mortem events includ-
ing early post mortem changes as well as hematological, patho-
logical and biochemical parameters.
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