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ABSTRACT 

Envenemotion caused by the venom of the cobra Naja haje has many 
serious problems. The present study aimed to assess the effect of sublethal dose 
of the Naja haje venom on the structure of skeletal muscles in male rabbits. Male 
native rabbits were intrarnuscullary injected with sublethal dose (0.015 pglg body 
weight) of cobra venom . After three hours of injection small pieces of 
gastrocnemius muscle were prepared for histological and ultrastructural 
examination. Histological analysis revealed myofibre degeneratio, necrosis , 
swelling of some myofiber, edema and migration of leucocytes. Several 
cytological alterations such as disorganized myofibrils, abnormal outline of 
nuclei, peripherally located heterochromatin, disorganization and dilation of 
sarcoplasmic reticulum, swelling and degeneration of mitochondria and fibrosis in 
some peripheral areas were noticed in the muscle of treated rabbit. The results 
obtained show that Naja haje venom presents serious impacts on the histological 
and cytological structure of rabbits skeletal muscles. 
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INTRODUCTION 
Snake venom causes serious medical problems. It was reported by Russell 

(1996), that the damage effects of venom are due to the presence of at least 25 
types of enzymes responsible for the catalysis of many specific biochemical 
reactions in the living organisms. 

Among families of venomous snakes is family Elapidae which includes 
the cobras, mambas, kraits and coral snakes ((Harris, 199 1 )). Cobras are the most 
dangerous snakes in the world (Theakston, et al., 1990). The Egyptian cobra 



Nuja huje is widely distributed in Northern Africa and parts of the Arabian 
Peninsula. 

Cobra venom is a mixture of many different proteins and other lethal 
toxins (Tu, 1977). Neurotoxins are the principal lethal components of cobra 
venom (Mebs, 1986 and Ueno E.et al., 1996). Also cardiotoxins or cytotoxins are 
the most toxic components in cobra venom (Gasanov, et al., 1997; and Chang, et 
al., 1998). In addition to the above toxins, cobra venom contains many other 
cnzymes and the most potent of them is phospholipase A2 (PLA,) (Tsai, 1997). 
Cobra venom phospholipases are lmown by its cytotoxicity inducing around 67% 
of death in culture cells after 24 hours of incubation. (Martikainen, et al., 1993). 
Moreover, was reported that cobra venom affects different body organs in the 
victims (Tonsing, et al., 1983). 

Vishwanath et nl.( 1987) reported that the mainly target of PLA, is cell 
membrane causing dysfimction through membrane phospholipids hydrolysis, for 
example in erythrocyte membrane (Condera, et al., 1980) and damage muscle 
cell membrane resulting in myonecrosis (Ownby, et al., 1988). 

Muscle damage is one of the most common symptoms produced by 
venoms from different snake species. Many studies have shown that crude 
venoms or isolated toxins can affect in different ways the structure and functions 
of muscles (Preston, et al., 1990; Johnson and Ownby, 1993, 1994; Samson, et 
ul., 1994; Harvey, et al., 1994; Yudltowsky, et al., 1994; Fatchi, et al., 1994; Faiz, 
et al., 1994, 1995). 
Nowever, few studies were done to elucidat the action of the Naja haje venom on 
skeletal muscle of mammalian animals. 

The present work aimed to study the effect of Naja haje venom on the 
histological and ultrastruct~~re pattern of the gastrocnemius muscle in rabbit. 

MATERIALS AND METHODS 
Experimental animals: 

Male rabbits Oryctolagus cuniculus, weighing (1.200Kg -1. 200g) were 
maintaind, one per cage, in a ventilated room under controlled conditions of 
temperature, humidity, natural darldlight cycle. The animals had free access of 
food and water. 
Najn haje venom: 

The Naja haje crude venom was obtained from Zoology Department, 
Faculty of Science, Ain Shams University, Egypt. 
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Fig. (1): Light micrograph of longitudinal section in gastrocnemius muscle from 
control rabbit .MF: Myscle fibers, N: Nuclei. (X600). 

Fig. (2): light picrograph of longitudinal section in gastrocnemius muscle from 
treated rabbit 3 hrs after injection with venom showing necrotic muscular fibers , 
edema area (arrows) and delta lesion (*). (X400). 
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Experimental designe: 
After one week of acclimatization in the laboratory environment, 10 

rabbits were divided into two groups of 5 animals each. Animals of the first group 
(Gl)  were intramuscularly (i.m.) injected with 0.1 ml mammalian saline and used 
as a control group, while animals in the second group (G2) were (i.m.) injected 
with sublethal dose (0.015 pg/g body weight) of crude venom dissolved in 0.1 ml 
of saline.Three hours after the treatment, rabbits were sacrificed and fragments of 
gastrocnemius muscle were removed for histological examination. Small pieces of 
these muscles were fixed in Bouin's solution for 48h, and processed by routine 
h i ~ t o l o g ~ f i e c h n i ~ u e s .  Tissues were embedded in paraffin and 5m sections were 
ma G I ' ~  rotry microtome. Sections were stained with haematoxylin-eosin. 

I;or u?trastructural study, small pieces of the chosen muscle were fixed in 
2% glutaraldehyde, buffered with 0.1M phosphate buffer (PI-17.6) at 4OC. The / 
specimens were post-fixed in 1% OsO4 (Osmium tetroxide), dehydrated in 
increasing ethanol concentrations , treated with propylene oxide and embedded in 
Epon-Araldite mixture Thin sections were cut on an LK13 ultra microtome , 
double stained with uranyl acetate, lead citrate and investigated in a Jelo 100CX 
electron micf-oscope. 

1 
I RESULTS 

1,1g t mlcroscop~c examination of sections from the gastrocnemius muscle 
of contrql f rabbit rcvcalcd the characteristic features of skeletal muscle fibers 
(l~lgure 1 ) ~  

The  gastrocnemius muscle of rabbit treated with cobra venom showed 
myofiber degeneration and necrosis, including the peripheral loose connective 
tissue that surrounds the fascicles and fibers (Figures 2,4).  

Many muscle cells were vacuolated while some myofibers exhibited 
swelling (Flgure 3). There were some areas of edema dividing the fibers as well as 
delta lesions which appeared as clear triangular spaces with the base of the 
triangle at the plasma membrane and the head point nearer the middle of the cells 
(1;igurc 2). Considerable number of leucocytes resulting of migration to the 
effected area could be observed throughout the muscle fibers (Figures 3 ,4) .  

Electron microscopic observations of longitudinal sections from 
gastrocnemius muscle of the control animals showed normal skeletal muscle 
structure with typical striated appearance (Figure 5). The A band, I1 band, I band, 
M line and % line were clearly visible in the sections. Sarcoplasmic reticulum and 
mitochondria were located between the myofibrils (Figure 6). The nucleus 
appeared at the pcr~phery with predominated heterochromatin and sumunded by 
an lrrcgular envelope (ItTigure 5). Ultrastructural alterations in skeletal muscle 
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Fig. (3): light micrograph of longitudinal section in gastrocnemius muscle from 
treated rabbit 3 hrs.after injection with venom showing swolling of some myofibers 
, delta lesions (arrows) (X 400). 

Fig. (4): light micrograph of longitudinal section in gastrocnemius muscle from 
treated rabbit 3 hrs. after injection with venom showing infiltration of muscle fibers 
with leucocytes. (X 400). 
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tissues were observed in animals injected with Naju huje crude venom. Some of 
the myofibrils were broken, disorganized and demonstrated lack of typical striated 
appearance. Also numerous large vacuoles in many muscle 'cells could be easily 
identified (Figure 7). The cytoplasm between myofibrils was expanded so that 
adjacent myofibrils were no longer in contact (Figure 7). The changes included 
also dilatation and disorganization of the sarcoplasmic reticulum as well as 
swelling and degeneration of mitochondria (Figure 8). 

The nuclei appeared with abnormal outline marginated nucleoli and 
peripherally located heterochromatin (Figure 7). ribrosis could be clearly 
observed in some peripheral areas (Figure 9). 

/ 
DISCUSSION 

In the present study histological and ultrastructural alterations were 
obscrved in the gastrocnemius muscle of rabbits injected with crude venom of 
Nuju Iuje after three hours of infection. 

The histological alterations included myofiber degeneration and necrosis, 
areas of edema, delta lesions and migration of leucocytes. 
Extensive necrosis in skeletal muscles was also recorded in patients envenoming 
by the sea snake E1zlzydrirza Schistosa (Sitprija, et al. 1971), and by Crolulus 
cl~tvissus terrifius venom (Sangiorgio, et al. 2008). 

A study carried out by Wood and Johnson (1974) demonstrated systemic 
myonecrotic action of snake venom, which attack several skeletal muscles of an 
Australian patient. Also, Azevedo-Maroques, et al. (1985) demonstrated that the 
venom of 13razilian snakes of the genus crotalus can induce systemic myonecrosis. 
Edema and myonecrosis were also noticed in the limb of dogs bitten by crotalus 
snake (Azevedo-Marques, et al., 1985). Muscular alterations were reported by 
Salvini et al. (2001) after intramuscular administration of crotoxin to mice, with 
thc prcsence of hypercontractivity of muscular fibers and edema three hours after 
such administration. 

Moreover, neutrophilic inflammation observed myofiebrillar edema, 
hemorrhage and myonecrosis was noticed in gastrocnemius muscle of rats after 
envenomation by Bothvops ~zeuwiedi-snake. (Dourado, 2008) . 
I>estruction of muscle fibers and cellular inflammatory infiltration in between the 
damaged fibers were also recorded in mice treated with lithium carbonate 
(Essawy, ez ul., 2004). 

J 3lectron micrographs of the current work revealed marked a1 terations in 
the gastsocnemius muscle of rabbits administered with Nuja haje venom. These 
alterations included disorganized myofibrils, abnormal outline of the nuclei, 



1:ig. ( 5 ) :  Electron micrograph olnormal gaslrocnemius muscle from control rehblt 
showing sarcomeres . A: A band, 1-1: H band , I: I band, M: M line, %: % line, N: 
nucleus 

Fig (6): 
M: mito chondria, G: particles, SR: sarcoplasrnic reticulum (X 75 

11 rabbit. 
i00). 



peripherally located heterochromatin, disorganization and dilatation of 
sarcoplasmic reticulum and swelling and degeneration of mitochondria. 

Disorganized myofibrils and washed striation of muscle fibers in slteletal 
muscle may lead to loss of myofibrils as reported by Ghadially (1 978). 
The changes of the shape of the myonuclei observed in the present study may be 
an indication of alteration in the nucleoplasmic exchange and decrease in the 
metabolic activity which is associated with an increased complexity of nuclear 
form (Abdel-meguid, et al, 2002). 

Moreover, the observed marked margination of the heterochromatin 
probably produced largely by accumulation of chromatin granules at the nuclear 
envelope as the nucleus shrinks (Latta, et al, 1965). 
In the present work the mitochondria of envenomous animals infected, appeared 
shrunk or swollen. Senger (1986) stated that the mitochondrial changes may 
represent a very clear demarcation of filture pathological devclopment. Novikoff 
and 1-Ioltzmann (1 976) claimed that mitochondria niorphological changes may be 
releated to mitochondrial function. They suggested that the conformational 
changes reflect structural rearrangement of membrane inner proteins that are 
directly related to ATP formation. 

In the present work, the observed pathological changes in the envenomed 
rabbits by Naja haje could be attributed to the acidic phospholipase ( A  -- PLA,) 
present in this venom (Mebs& Samejima, 1986). 

It is well established that many snake venoms PLA,s are destructive to 
skeletal muscles (Mebs& Samejima, 1986; Mebs & Ownby, 1990). In their study 
on the cffect of A - PLA, isolated from the venom of the King Cobra, Hung and 
P.Gopalaltrishnaltone (1996) stated that , injection of mice with 
A - PLA, (8mg/Kg) caused several pathological changes that included dissolution 
of actin and myosin filaments , dilatation and disorganization of sarcoplasmic 
reticulum and degeneration of mitochondria. They added that, some of the 
myofibrils were severity disorganized, present lack of typical striated appearance, 
sarcomeres disrupted and most of the mitochondria containd vesicles or were 
destroyed. 

From the results obtained in this work, it could be concluded that Ncljcl 
hqje venom induces serious detrimental impacts on the histological and 
cytological structures of skeletal muscles of mammalian animals. 



1:ig. (7): Electron micrograph of longitudinal sccticrl in gastrocnemius 111~1scle From 
treated rabbit at 3 hrs. of injectio~~ wit11 venorn S I I O N ~ I I ~  disorganized myofibrils. N :  

. HR: tleterochro~i~atin. M: Swolle~i ~litochoncll-ia (X 5000). 

treated 
rabbit at 3 lirs. of iniectio11 with venom note the breakge of myofibrils , SR: Disorganized 
Sarcoplssrnic reticudlum, M: Degenerated ~i tochondr ia  (X 10000). 
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