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Summary of the study 

 

Background: snake venoms are complex mixtures of enzymatic and non-

enzymatic components with specific pathophysiological effects that differ widely 

between and within species. Assessment of the toxicological effects of venomous 

snake species in Sudan is a critical step for an efficient determination of the venom 

activity and increase the understanding of geographical intraspecific Variation in 

venom composition. 

Objective: This study aimed to investigate the toxicological effects of snake 

venoms of Naja haje, Naja nubiae and Cerastes cerastes on experimental rats 

Methods: Lethality test was conducted in 3 groups of albino rats (5 each). Group 

1: N.haje venom (minimal lethal dose 0.1mg/kg, i.p.), group 2: N.nubiae venom 

(minimal lethal dose 0.4mg/kg, i.p.), group 3:  C.cerastes venom (minimal lethal 

dose 0.5mg/kg, i.p.). Death time of each group was recorded. As N.haje snake 

venom was found to be the most poisonous one among the three snake venoms, 

further toxicological tests were carried out on this venom. LD50 of N.haje snake 

venom was determined using karber method. Rats were divided into 3 groups (5 

each). Group 1: control group injected with normal saline, group 2: injected with 

toxic dose (0.08mg/kg) of N.haje venom, group 3: injected with lethal dose 

(0.5mg/kg) of N.haje venom. These groups were observed for behavioral and 

neurological changes. Blood samples were collected from all rat groups for 

complete blood counts analysis and biochemical examinations then these rats were 

scarified and liver and kidneys were dissected for histopathological studies. To 

study fetotoxicity, pregnant rats were divided into 2 groups (5 each). Group 1: 

control group, group 2: N.haje venom toxic dose: 0.08mg/kg, i.p. Both groups 
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were observed for the continuity of pregnancy and fetuses were examined for 

presence of any external abnormalities. 

 Results: N.haje snake venom was the most poisonous one among the three snake 

venoms as it had the lowest minimal lethal dose (0.1mg/kg) and quick death time 

(46 ± 3 min). Minimal lethal doses and mean time death of N.nubiae and 

C.cerastes were 0.4 mg/kg, 0.5 mg/kg and 90min±15, 180min±20 min, 

respectively. LD50 of N.haje venom was 0.28mg/kg. Convulsions and paralysis 

were most significant neurotoxic effects of N.haje venom). Results of injected 

groups with N.haje venom two different doses (lethal, toxic) were as following: 

Convulsions and paralysis were most significant neurotoxic effects of N.haje 

venom. Biochemical parameters showed a significant decrease in glucose level, 

highly significant increase in liver enzymes (AST, ALT) and significant increase in 

urea and creatinine levels. The histological examination revealed alterations in 

liver and kidney tissues (hepatocytic swelling, infiltration of lymphocytes, tubular 

vacuolization, glomerular damage, inflammatory cellular infiltration and hydropic 

degeneration change). Rats that received lethal dose showed hematological 

changes appeared as a highly significant increase in White blood cells count and 

significant increase in platelet count. Toxic dose (0.08mg/kg) of N.haje venom 

didn’t affect continuity of pregnancy or induced external malformations on fetuses. 

Conclusion: it could be concluded that, both lethal and toxic doses of Naja haje 

snake venom are neurotoxic, hepatotoxic and nephrotoxic. Lethal dose of the 

venom was hematotoxic. Toxic dose didn’t show teratogenic effect on fetuses. 

Recommendation: Further toxicological studies concerning the two others snakes 

(Naja nubiae, Cerastes cerastes) presented in this study and mechanism of their 

toxic effects should be conducted. 
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 ملخص الدراسة

ة يٍ تشوذُُاخ إَضًَُح و لا إَضًَُح راخ وظائف فسُىنىظُح  يشضُح سى انصؼثاٌ هى خهُظ يشكانخهفُح: 

 يحذدج انرٍ ذخرهف تئخرلاف َىع انحُح و تٍُ افشاد انُىع انىاحذ.

انهذف: َهذف هزا انثحس إنً دساسح انرؤشُشاخ انسًُح نسًىو  انكىتشا انًصشَح، انكىتشا انُىتُح و الأفؼً 

 انقشَاء ػهً ظشراٌ انرعاسب.

فٍ انثذء ذى إظشاء اخرثاس نرحذَذ الأفؼً اِكصش سًُح و الأسشع فركا ورنك ترقسُى يعًىػح يٍ  :انطشَقح

ظشراٌ انرعاسب انً شلاز يعًىػاخ، انًعًىػح الأونً حقُد تانحذ الأدًَ يٍ انعشػح انًًُرح نسى انكىتشا 

ح و انًعًىػح انصانصح حقُد  انًصشَح و انصاَُح حقُد تانحذ الأدًَ يٍ انعشػح انًًُرح نسى انكىتشا انُىتُ

تانحذ الأدًَ يٍ انعشػح انًًُرح نسى الأفؼً انقشَاء.أظشَد يضَذ يٍ انرعاسب ػهً سى انكىتشا انًصشَح؛ ذى 

حساب انعشػح َصف انقاذهح تاسرخذاو طشَقح كاستش؛ يٍ شى ذى ذقسُى يعًىػح أخشي يٍ ظشراٌ انرعاسب 

ُد انًعًىػح الأونً تًحهىل فسُىنىظٍ )كهىسَذ ظشراٌ نكم يعًىػح(، حق ٥انً شلاز يعًىػاخ)

انصىدَىو( و انرٍ اسرخذيد كًعًىػح ضاتطح، انًعًىػح انصاَُح حقُد تعشػح سايح 

 0.5يط/كعى( يٍ سى الأفؼً انًصشَح، ايا انًعًىػح انصانصح فقذ حقُد تعشػح قاذهح )0.08يقذاسها)

صلاز ذًد يلاحظح انرغُشاخ انؼصثُح و انسهىكُح يط/كعى( يٍ سى انكىتشا انًصشَح؛ ػهً هزِ انًعًىػاخ ان

ويٍ شى سحثد ػُُاخ يٍ انذو نرحهُم صىسج انذو و نهفحص انثُىكًُُائٍ و أخُشا ذى اػذاو انعشراٌ 

وذششَحها و اسرخشاض انكثذ و انكهً يٍ أظم ذحهُم الأَسعح. قسًد يعًىػح  يٍ انعشراٌ فٍ يشحهح انحًم 

عًىػح الأونً  تًحهىل فسُىنىظٍ )كهىسَذ انصىدَىو( كًعًىػح ضاتطح، انًثكش انً يعًىػرٍُ؛ حقُد انً

يط/كعى( يٍ سى الأفؼً انًصشَح، وذًد انًلاحظح 0.08انًعًىػح انصاَُح حقُد تعشػح سايح يقذاسها) 

 اشُاء فرشج انحًم ويٍ شى فحص الأظُح. 

شع  فركا يٍ تٍُ الأفاػٍ الأخشي :  وظذخ انذساسح اٌ سى انكىتشا انًصشَح هى الأكصش سًُح و الأسانُرائط

كعى( \يط0.1)انكىتشا انُىتُح و الأفؼً انقشَاء( ار َساوٌ انحذالأدًَ يٍ انعشػح انًًُرح نسى هزِ انكىتشا)

دقائق. تًُُا انحذ الأدًَ نهعشػح انًًُرح و يرىسظ حذوز انىفاج  3±46يغ يرىسظ صيٍ حذوز انىفاج يساو ل

دقُقح( ػهً 20±ساػاخ3و 15±90كعى( و)\يط 0.5كعى و \يط 0.4َاء هًا)نهكىتشا انُىتُح و الأفؼً انقش

 انرىانً

يط/كعى(.  ظهشخ انرؤشُشاخ انسًُح انؼصثُح  نسى  0.28انعشػح َصف انقاذهح نسى انكىتشا انًصشَح هٍ) 

انكىتشا يرًصهح  فٍ ذشُعاخ  و شهم ، تئلاضافح انً اَخفاض فٍ يسرىي انعهكىص فٍ انذو فٍ كهرا 

ىػرٍُ. فًُا  َخص انرغُُشاخ انثُىكًُُائُح  فقذ أظهشخ انرحانُم اٌ سى الأفؼً انًصشَح  سثة  انًعً
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إسذفاػا را دلانح إحصائُح  فٍ يسرىَاخ إَضًَاخ انكثذ  اسثاسذاخ ذشاَس ايُُُض و الاٍَُ ذشاَس ايُُُض و 

َسعح أٌ سى انكىتشا انًصشَح  يسرىَاخ يؼهًاخ انكهً انُىسَا و انكُشاذٍُُُ نكلا انًعًىػرٍُ. تٍُ فحص الأ

قذ أحذز ذغُُشاخ فٍ أَسعح انكثذ و انكهً نكلا انًعًىػرٍُ. و تُُد ذحانُم صىسج انذو انكايهح أٌ سى 

انكىتشا انًصشَح سثة إسذفاػا را دلانح إحصائُح فٍ ػذد كشَاخ انذو انثُضاء و انصفائح انذيىَح  فٍ 

وظذخ انذساسح أٌ انعشػح انسايح يٍ سى انكىتشا انًصشَح نى  انًعًىػح انرٍ حقُد تانعشػح انقاذهح، اَضآ

 ذرسثة فٍ حذوز ذشىهاخ خهقُح  نلأظُح و كزنك نى ذؤشش ػهً اسرًشاسَح انحًم تشكم طثُؼٍ. 

: انعشػح انًًُرح و انعشػح انسايح يٍ  سى انكىتشا انًصشَح  راذا ذؤشُشاخ سًُح ػصثُح  وذسثثاٌ انخاذًح

انكهً و رنك اسرذلالا تاسذفاع يسرىَاخ اَضًَاخ انكثذ و يؼهًاخ انكهً اضافح انً  ضؼف فٍ وظائف انكثذ و

انرغُشاخ فٍ أَسعرهًا. أظهشخ انعشػح انًًُرح يٍ سى هزِ انكىتشا ذؤشُشاخ سايح  فٍ انذو و نُس نذي 

 انعشػح انسايح أٌ ذؤشُشاخ ػهً الأظُح.

الأفاػٍ الأخشي انًزكىسج فٍ انذساسح   َىصً تاٌ ذعشي يضَذ يٍ انذساساخ ػهً سًىوانرىصُاخ: 

 )انكىتشا انُىتُح و الأفؼً انقشَاء(.
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1. Introduction and literature Review 

1.1Introduction 

Toxicology is a field of science, overlapping with pharmacology, chemistry 

biology, and medicine that involves the study of the adverse effects of chemical 

substance on living organisms and the practice of diagnosing and treating 

exposures to toxins and toxicants. There are generally four types of toxic entities, 

chemical, physical, radiation and biological 
(1)

. 

Biological toxins are poisonous substances produced by microorganisms, animals, 

insects and plants that produce harmful clinical effects when inhaled, injected or 

absorbed 
(2)

. Snake envenomation is among the most hazardous biological toxin 

and snake bites are the highest among animal toxin poisoning. The total number of 

snake bites has been estimated to be 5.4 million per year, 1 million of which were 

recorded in Africa which is the most affected continent with snake envenomation 

as a result of poor medical facilities and shortage of technical knowledge which 

making management of envenomation cases difficult 
(3)

. 

In Sudan, the geographical distribution of snake species isn’t clearly established 

and most snake bites and deaths aren’t nationally updated. Therefore, the study of 

the biogeographic distribution of snakes should be part of a global national 

research network involving ecologists, biochemists and clinicians 
(3)

. 

1.1.1General classification of snakes and their venoms: 

Venomous snakes primarily belong to four families: Viperidae (vipers), Elapidae, 

Atractaspididae and colubridae. Snakes from these families are found worldwide, 

but envenomation is a significant health problem primarily in tropical area where 

rural workers are the primary victims. In Europe, most venomous snakes are of the 

genus Vipera. In Asia, cobras and kraits are found but the most dangerous Asian 

snake is the Russell’s viper (Daboia Spp). Australia is home to strikingly high 
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number of venomous snake including brown snake and taipan snakes. In North 

America, venomous snakes include a variety of rattlesnakes, copperhead and coral 

snakes. In Africa venomous natives include cobras (Naja Spp), mambas 

(Dendroaspis spp), and saw-scaled vipers (Echis Spp).
(4)

  

In Sudan, most of venomous snakes are belong to Vibridae and Elapid families 

such as Cerastes gasper, Echis species, Bitis arietans “particularly found in east 

Sudan”, Naja haja arabicus “ knows as Egyptian cobra” and Malpolon moilensis 

“False cobra”
 (5)

. 

1.1.2 Snake venoms: 

Snake venoms are complex mixtures of 50 or more components that function to 

immobilize, kill, and pre-digest prey. In human victims these substances 

produce local digestive or cytotoxic effects on tissues as well as hemotoxic, 

neurotoxic, nephrotoxic and other systemic effects. The relative predominance 

of cytotoxic, hemotoxic and neurotoxic venom components depends on the 

species of the snake and on geographical and seasonal variables.
 (6) 

 

Components of snake venom can be divided into: 

● Enzymatic proteins: these enzymes include phospholipase A2, proteinase, 

phosphodiasterases, L amino acid oxidase and nucleotidase. Besides their 

catalytic properties that’s have an important role in the digestive action of 

the venom, these enzymes as well induce various pharmacological effects 

including neurotoxic, myotoxic, cardiotoxic, hemorrhagic, hemolytic, 

procoagulant and anticoagulant effects
(7,8)

.  

● Non enzymatic proteins:  these proteins include neurotoxins, myotoxins, 

cardiotoxins, ion channel inhibitors and anticoagulant proteins
 (7, 8)

.  

Snake venoms are almost 90% water and in addition to enzymatic and 

non enzymatic proteins the venom can contain additional constituents 

such as lipids, biogenic amines and carbohydrate. Thus, either the snake 
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venom proteins are enzymatic or non-enzymatic they target several 

organs, tissues, physiological systems and interfere with their normal 

functions resulting in multiple organs or system failure and often death
 (3)

.  

 

1.1.3 Types of venom toxins and their effects: 

A. Neurotoxins: 

There are two different types of neurotoxins in snake venom, presynaptically 

or postsynaptically acting neurotoxins.  

Presynaptic neurotoxins are member of phospholipase A2 enzymes family. 

They targets the terminal axon of the neuromuscular junction causing 

destruction of the axonal structure which results in a disruption of the synaptic 

vesicles with a complete cessation of transmitter release. Signs and symptoms 

of a bitten victim are a flaccid paralysis starting with the cranial nerves, ptosis 

coming first then ophthalmoplegia, loss of airway protection, paralysis of 

respiratory muscles and diaphragm, finally limb paralysis with loss of deep 

tendon reflexes. 

Postsynaptic neurotoxins are polypeptides with 60-70 amino acids. They 

acting by adherence to the two subunits of the receptor and block the 

formation of ion-channel.
 (9) 

B. Myotoxins: 

Phospholipase A2 enzymes cause damage to musculature by destroying the 

skeletal muscles. When muscles are destroyed this followed by release of 

myoglobin. Myoglobin damages the tubulus cells of the kidney leading to 

secondary kidney failure which can be treated by hemodialysis
 (9)

. 

C. Hematotoxins: 

 Snake venom enzymes damage blood hemostasis by several mechanisms, on 

a cellular level the functioning and amount of platelets are affected and on a 
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humoral level the blood coagulation is deranged. The main venom 

hematotoxins are procoagulants, anticoagulants, aggregation inhibitors or 

promoters and hemorrhagins that cause local injury to vessel walls
 (9)

.  

Moreover, hematotoxic venoms can have cardiovascular effect presented by a 

dramatic fall in blood pressure and this attributed to the presence of snake 

venom metalloprotease enzymes (SVMPs) which indirectly causing 

hypotension by increasing vascular permeability via the deterioration of 

capillary basement membrane leading to reductions in blood pressure 
(10)

. 

D. Local damage: 

Most snake bite cause local damage around the bite (necrosis, blister) as a 

result of the venoms content of enzymes, leukotriene, histamine, kinins, 

phospholipase, collagenases and metallic ions. Few minutes following the 

bite, the region around the fang marks starts to swell and become painful, then 

within hour’s ecchymosis, necrosis and blister develop and the swelling 

expand over the whole limb. The venom may stay local and be fixed to tissues 

but also can reach the circulation and thereby induce systemic toxicity
 (9)

. 

 

E. Systemic symptoms: 

As a result of snake bite, the venom is administered by subcutaneous route, 

spreads through lymphatic and superficial venous vessels and reaches the 

circulatory system slowly producing systemic symptoms. Less severe 

systemic signs are anxiety, malaise, weakness, nausea, and metallic taste in 

mouth, increased sweating and salivation. More severe signs manifest as 

abdominal pain, diarrhea, vomiting, dyspnea and confusion. The most serious 

sign is circulatory collapse with hypotension and tachycardia. In some cases 

the venom can result in overt anaphylaxis with a fatal or near fatal reaction. 

Generally signs and symptoms of snake venom may vary depending on 



5 

several factors such as the type of the snake, age of the snake and the location 

of the bite
 (9)

.   

1.1.4 Management of snake bites: 

The traditional first aid methods such as incision or sucking the wound are 

proved to be ineffective. Alternatively, it’s effective to immobilize the bitten 

limb and the victim to diminish the distribution of the venom. It would be 

beneficial to wrap the limb with an elastic bandage to decrease or stop the 

transport of lymph and compress the superficial veins. In hospital, treatment 

requires description of signs and swelling to judge the progression, 

hematological and neurological investigations, anti-venom therapy, 

anticoagulant therapy and surgical intervention if necessary. Broad spectrum 

antibiotics could be given if there are signs of infection, also provide tetanus 

prophylaxis if needed
 (9,6)

.  
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1.2 Literature review 

1.2.1 Review on the three snakes (Naja haje, Naja nubiae and Cerastes 

cerastes): 

1.2.1.1 Naja haje snake: 

Naja haje or the Egyptian cobra is a species of venomous snake in the family 

Elapidae. The generic name (Naja) means cobra and the word (haje) is derived 

from the Arabic word hayya which means snake
 (10)

.  

The Egyptian cobra is a large species; the head of this cobra is large, depressed 

and slightly distinct from the neck which has long cervical ribs able to expand 

to form a hood such as all other cobras (Image 1.1). The body of N.haje is 

cylindrical with a long tail, generally the length of this species depends on the 

geographical location, population and subspecies, even though, its average 

length is 1.4 meters. The most identifiable characteristics of this species are it 

is head and hood. Color of N.haje is also varying but most of specimens are 

shade of brown with darker or lighter mottling and usually a tear drop mark 

below the eye
 (11)

.  
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Image1-1: Naja haje (Natural history museum, Sudan) 

 

A. Geographical distribution: 

Naja haje ranges across most of North Africa (Egypt, Sudan, Libya, and 

Morocco) across the savannas of West Africa to the south of Sahara south to 

the Congo basin and east to Tanzania and Kenya 
(11)

. 

B. Habitat: 

Naja haje appears in a wide variety of habitats such as steppes, dry to moist 

savannas, arid semi-desert regions with some water and vegetation. This 

species is often found near water and also found in agricultural fields; 

moreover, it exists in the presence of humans where it frequently enters 

houses. It is attracted to villages by rodent pests and domestic chickens
 (11,12)

.  

C. Venom: 

Venom of N.haje consists chiefly of neurotoxins and cytotoxins 
(13)

. The range 

of venom yield of a single bite is approximately 175 to 300mg 
(14)

. the venom 

affects the nervous system resulting in stopping of nerve signals transmission 
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to muscles then at later stage the transmission of signals to the lungs and heart 

is also stopped leading to death due to complete respiratory failure. 

Envenomation by N.haje snake causes severe swelling, local pain, necrosis, 

bruising and other symptoms like headache, nausea, abdominal pain, vomiting, 

collapse or convulsion accompanied with possible moderate to severe flaccid 

paralysis
 (15)

. 

 

1.2.1.2 Naja nubiae snake: 

Naja nubiae (the Nubian cobra) is a species of spitting cobra in the family 

Elapidae native to Africa. It is a relatively small spitting cobra that’s spit the 

venom into the eye or skin of the victim. The maximum recorded length of 

this cobra is 148cm and it is color is brownish-gray overall 
(16) 

(Image1-2). 

 

 

Image1-2: Naja Nubiae (Natural history museum, Sudan) 
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A. Geographical distribution: 

The Nubian cobra distributes across Egypt (Nile valley), Sudan (Nile valley, 

Darfur), western Eritrea, Chad and Niger, where it seem to occupy primarily 

relatively mesic habitats
 (16)

. 

B. Venom: 

Venom of Naja nubian cobra characterized by cytotoxic type of 

envenomation that’s involves swelling at the bite site with blistering and 

bruising that may lead to necrosis, additionally this venom has some 

neurotoxic properties
 (17)

.   

1.2.1.3 Cerastes cerastes snake: 

It is a venomous species in the family viberidae, generally known as the 

desert horned viper. Cerastes cerastes is an easily distinguishable snake due 

to the presence of a pair of supra-ocular horns (Image 1-3); it is often hiding 

by burying themselves in the sand. The average total length of this horned 

viper is 30-60cm with a yellowish, pale brown ground color that’s almost 

matches the substrate color where the animal found
 (18)

. 
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Image 1-3: Cerastes cerastes snake (Natural history museum, Sudan) 

 

A. Distribution and habitat:  

They are found in north Africa (Sudan, Egypt, Libya), also can be found in 

Iraq, Saudi Arabia, Syria, Jordan. This species prefer dry, sandy areas and 

tend to avoid coarse sand
 (18)

.  

B. Venom: 

Envenomation usually causes hemorrhage, necrosis, swelling, nausea, 

vomiting and hematuria. The presence of high content of phospholipase A2 

may cause cardiotoxicity and myotoxicity. The average venom yield of a 

single bite is 19-27mg to 100mg
 (18,19)

.  
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1.2.2 Previous experimental studies: 

In Egypt, Salman M.M.A (2014) studied the effects of different doses of Cerastes 

cerastes venom on the biochemical parameters in serum of guinea pigs. Results of 

this study appeared that, injection of single dose of this venom induced a 

significant decrease in the levels of total serum protein, uric acid, globulin and 

albumin, whereas, there was a significant elevation in the levels of serum glucose 

triglycerides, urea, creatinine, cholesterol, AST, ALT and ALP. According to these 

findings, this study concluded that, venom of Cerastes cerastes snake induced 

hepatic and renal dysfunctions in the envenomed guinea pigs 
(20)

. 

Another study was conducted in Jordan by Abadala S (1992) to investigate the 

impacts of C.cerastes snake venom on hematological parameters of guinea pigs 

revealed that, venom of C.cerastes had significantly reduced the count of WBCs, 

plasma clotting time and erythrocyte deformability and had no effect on RBCs, 

Hob concentration or hematocrit value 
(21)

. 

 Results obtained by EL-Amir A M et al. (2020) on his study of the assessment of 

the bio-physiological effects of i.p injection of 1/10 LD50 dose of Cerastes cerastes 

venom in mice, presented significant elevation in serum AST, ALT, ALP, urea and 

creatinine direct bilirubin, as well as a significant decrease in RBCs and HB while 

platelets and WBCs count showed high significant increase 
(22)

. 

Further study was designed by Alsadoon et al.(2014) in Saudi Arabia to investigate 

the hematological effects and oxidative stress induction of C.cerastes snake venom 

in lung, heart and spleen in albino mice and the findings appeared a significant 

difference in WBCs with an increase in neutrophils, monocytes, eosinophil, 

basophil and a significant decrease in concentration of hemoglobin. Moreover, this 

study revealed that, venom of C.cerastes was associated a significant increase in 

oxidative stress levels and induced congestion of the alveolar capillaries in lung, 

inflammatory cellular infiltration, myonecrosis in heart and splenomegaly 
(23)

. 
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The toxicological effects of C.cerastes venom on serum indices of male albino rats 

was carried out in Egypt by Salih S.M et al. (2015) who reported that injection of 

viper C.cerastes crude venom caused liver and kidney dysfunction which indicated 

by a significant decrease in albumin, glucose, cholesterol, total serum protein 

besides significant elevation in levels of AST, ALT, alkaline phosphate, urea and 

creatinine in the all envenomed rats 
(24)

. 

In Saudi Arabia, Alsadoon et al (2013) conducted a study to explore the ability of 

C.cerastes crude venom to produce histopathological alterations on the tissues of 

liver and kidney and the findings proved that venom of C.cerastes snake is potent 

toxin-mediated hepatorenal toxicity additionally, it induces disturbance in 

carbohydrates and lipid metabolism 
(25)

. 

In Sudan, Khalid H et al. (2015) conducted a study to measure the cytotoxic effect 

of Naja nubiae and Echis ocellatus venoms by using a cell based assay. Result of 

this study revealed that both venoms resulted in a remarkable inhibition of cell 

viability with N.nubiae venom being more cytotoxic than E.ocellatus 
(17)

.  

A study of toxin and assessment of snake venomics of the African spitting cobra 

(N.nubiae) which carried out by Petras D et al. (2011) in America showed that, the 

high content of cytotoxins and PLA2 may account for the extensive tissue necrosis 

characteristic of the envenoming by N.nubiae species. Moreover, the high 

abundance of type 1 a-neurotoxin in the Nubian cobra may be responsible for the 

high lethal toxicity of this venom in rodents 
(26)

.    

In Egypt, Saad A et al. (2021)  studied the effect of the spitting cobra (N.nubiae) 

on vascular permeability of liver and kidney tissues of albino rats based on the 

extravasation of the azo dye evans blue, results illustrated a high significant rate of 

evan blue extravasation to hepatic and renal tissues by the colorimetric 

determination of the dye concentration which means the venom of N.nubiae can 
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cause increased hepatic and renal vascular permeability that’s may explain the 

inflammatory effect induced by this venom 
(27)

.  

Another study conducted in Egypt by Al-Qurashy S et al. (2014) to assess the 

hepatotoxicity and oxidative stress induced by Naja haje venom. The Egyptian 

cobra venom was found to enhance the lipid peroxidation and nitric oxide 

production in both serum and liver of envenomed rats, in addition to reduction in 

glutathione, catalase, glutathione reductase and glutathione-S-transferase activities 

while, activities of superoxide dismutase and glutathione peroxidase were 

increased significantly. More over the caused hepatic injury which indicated by 

histopathological changes in liver tissues. According to the above findings, this 

study concluded that N.haje venom is a potent inducer of toxin-mediated 

hepatotoxicity 
(28)

. 

Findings of the study presented by Shaban A et al. (2003) on the histological and 

biochemical effects of N. haje snake venom in mice and rats showed that, injected 

N.haje venom produced marked increase in the activities of AST, ALT, ALP and 

LDH in addition to significant elevation in urea, creatinine and serum glucose. The 

histological findings appeared vacuolated hepatocytes, scattered necrotic and 

hemorrhagic areas with congestion and dilatation of blood vessels besides 

sinusoids. The venom also caused severe degeneration of the cardiac muscles with 

loss of striations and considerable hemorrhage in between myocardial bundles 
(29)

.  

Further study on the venom of N.haje snake was designed by Shaker et al. (2018) 

to investigate the toxicity of this venom. Results appeared that the venom caused 

high significant elevation in liver and cardiac enzymes, as well urea and creatinine. 

Complete blood pictures showed significant decrease in hemoglobin and platelet 

count whereas the counts of WBCs and RBCs were highly significant decreased. 

The venom also induced histological alterations in the tissues of heart, skin, liver 

and kidney 
(30)

.  
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In Libya, Saeid A et al (2021), studied the oxidative stress induction and 

nephrotoxicity of N.haje venom in rats injected with lethal dose and sub-lethal 

dose of the venom, findings of this study revealed a high significant increase in 

urea and creatinine levels in the two different doses and a high significant increase 

in lipid peroxidation and nitrite which indicate probabilities of nephrotoxicity due 

to cobra venom 
(31)

. 

In Brazil, Martha M et al. (2011) conducted a study to investigate the effect of a 

moderate dose of B. jararaka snake venom on injected into pregnant mice on 

gestation day 5 (GD5), results presented by this study showed the injection of B. 

jararaka venom on GD5 didn’t change fetuses weight but produced high incidence 

of skeletal anomalies with absence of external malformations 
(32)

.  

1.3 Rationale of the study: 

Envenoming and deaths resulting from snake bites has always been a global   

health issue especially in rural areas and areas with inadequate medical services 

particularly in tropical and subtropical countries. In Sudan, agricultural workers 

and children are the most affected groups. 

In 2018, the world health organization recognized the snake bites as a high priority 

neglected tropical disease (NTD) and stated a global goal to end the epidemics by 

2030 
(3)

.  

There is a large degree of variability in venom compositions at all taxonomic 

levels. Additionally, within the same species the toxic components of the snake 

venom vary greatly among populations and across geographical areas 
(3)

. 

Assessment of the toxicological effects of venomous snake species in Sudan is a 

critical step for an efficient determination of the venom activity and increase the 

understanding of geographical intraspecific Variation in venom composition and 

improving snake bite treatment by designing specific anti-venom.  
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1.4 Objectives of the study: 

1.4.1 General objective: 

This study was designed to investigate the toxicological effects of snake venoms, 

of Naja nubiae, Naja haje, and Cerastes cerastes on experimental rats. 

1.4.2 Specific objectives: 

1. To conduct preliminary lethality tests on the venoms of Naja nubiae, Naja 

haje, and Cerastes cerastes, which are the most commonly snakes present in 

Sudan.  

2. The most poisonous snake venom will be subjected to further 

experimentation as follow: 

a. To determine the median lethal dose (LD50). 

b. To investigate the behavioral toxicity and neurotoxicity of this venom. 

c. To measure the effect of the venom on some hematological parameters 

and blood glucose level. 

d. To measure the effect on some biochemical liver parameters and (ALT, 

AST, ALP) and kidney parameters (urea, creatinine). 

e. To assess the histopathological changes in liver and kidney. 

f. To test the effect of the venom on pregnant rats at early stage of 

pregnancy and their fetuses. 
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2. Materials and Methods 

2.1. Materials 

2.1.1 Chemicals  

Chemicals  Source  

Diethyl ether AppliChem, Germany 

Formalin 10% Microxpress, India 

Normal saline 0.9% AIN Sudan 

 

2.1.2 Instruments 

Instrument Company Source  

Automated hematology analyzer Sysmex Japan, Hyogo 

Biochemistry analyzer Biosystem Biosystem, India, 

Kolkata 

Blood glucose analyzer Dirui China, Changchun 

   

2.1.3 Lab tools: 

EDTA containers, plain containers, capillary pipettes, surgical forceps 

 

2.2. Animals 

2.2.1. Rats: 

Males and females Wistar albino rats weighing 180 ± 30 gm were used. Rats were 

obtained from Experimental Animal Unit; Faculty of Veterinary Medicine, 

University of Khartoum, then housed at the experimental animal room in faculty of 

pharmacy, International University of Africa. Animal room was under controlled 

conditions of temperature (25 cº) and relative humidity (50%) as well as 12 hours 
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light/ dark cycle with light between 7 am to 7 pm. Rats were allowed free access to 

food (standard rodents chow) and water ad libitum. 

2.2.2 Snakes: 

Following type of snakes were used: 

Naja nubiae (family Elapidae),  Naja haje (family Elapidae) and Cerastes cerastes 

(family Viperidae) 

These snakes were obtained from Sudan Natural History Museum (Khartoum, 

Sudan). These snakes were collected from different regions of Sudan by a 

professional hunter. Each snake was housed individually under standard conditions 

and fed on frogs, chicks and lizards.  

 

2.3 Methods  

2.3.1 Venom collection and preparation: 

Fangs of snake were put on container covered by plaster then venom was milked 

by massaging the gland below the eye in dim light (Image 2.1), collected venom 

was lyophilized using thermo freeze dryer, then stored in a light resistant container 

at 4° c and reconstituted in saline solution prior to use. 
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Image 2.1: Venom milking 

 

2.3.2 Method of selection of most poisonous venom: 

Preparation of venom working solution: 

 Ten mg of snake venom was weighed and dissolved in 1 ml normal saline solution 

(stock concentration) then a diluted dose was prepared by taking 0.1ml of the stock 

and dissolved in 0.9 ml saline solution. 

2.3.3 Selection of minimal lethal and toxic (non-lethal) venom doses: 

To determine minimal lethal dose of each one of the three venoms, different doses 

were tried in groups of animals (5 rats each), starting with 1mg/kg then decreased 

stepwise and least venom dose that caused death within 24 hours was considered 

minimal lethal venom dose. Half of this minimal lethal dose was considered 

maximum toxic (sub-lethal) dose. These trials were conducted for venoms of the 

three snakes (Naja haje, Naja nubiae and Cerastes cerastes).      

2.3.4 Determination of LD50 of N.haje snake venom: 

 Median lethal dose (LD50) was calculated using karber method
 (33)

. Thirty rats 

were divided into 6 groups (5 rats each). A series of doses ranging between, LD100 

(0.5mg/kg) and LD0 (0.05mg/kg) were determined. These doses were: 0.25, 0.18, 

0.12 and 0.0625mg/kg. Each group received a specific dose. Number of dead rats 
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in each group was recorded during 24 hours post injection and LD50 was calculated 

using this equation: LD50  = LD100 - ∑ (A*B)/N 

Where:   

A = the difference between two successive doses of administered venom 

B = the average number of dead rats in two successive doses 

N = total number of rats in a group 

2.3.5 Measurement of neurological and behavioral changes: 

Both envenomed groups and control group were observed for neurological and 

behavioral toxicity. Changes in response induced by the treatment in each group 

were recorded in the observation sheet at 15 min, 30 min and 1 hour 

2.3.6 Collection of blood samples and organs: 

Using micropipettes, under mild ether anesthesia, blood was collected from supra 

orbital plexus from each rat and poured into EDTA containers for complete blood 

picture analysis. 

Similarly, part of blood was poured into plain container, left for 20 min at room 

temperature to clotting and centrifuged for 30 min at 3000 r.p.m, and then serum 

was separated carefully for analysis. 

 Following blood collection, rats were sacrificed by cervical dislocation and 

dissected then; liver and kidneys were rapidly removed, fixed in 10% neutral 

buffered formalin and kept until the day of histopathological analysis.  

2.3.7 Measurement of hematological changes:  

Complete blood pictures (White blood cells, Red blood cells, Hemoglobin, 

Platelets, Mean corpuscular volume, Mean corpuscular hemoglobin, Mean 

corpuscular hemoglobin concentration, Hematocrit, lymphocyte, neutrophil, 

eosinophil, basophil) were measured by Sysmex
®
 analyzer (full automation 
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instrument) which performs hematological analysis according to the RF/DC 

detection method, Hydrodynamic Focusing (DC Detection), flow cytometry 

method (using the semiconductor laser) and SLS-hemoglobin method.  

2.3.8 Biochemical assay: 

The separated serum was analyzed for determination of AST, ALT, ALP, urea and 

creatinine levels according to kinetic method by using full automation instrument 

Biosystem
®
 which act by colorimetric analysis method, whereas the determination 

of glucose level was carried out by blood glucose analyzer device .  

2.3.9 Histopathological examination: 

 Liver and kidneys were removed from the buffered formalin and washed out under 

running tap water for 1hour until complete removal of all traces of chemicals. 

Following washing, tissues were dehydrated by immersing in an ascending series 

of ethanol concentration and embedded in paraffin wax for making blocks. 

Sections of 5 microml were cut by microtome and stained with aqueous 

hematoxylin and alcoholic eosin for preparing permanent slides which were 

examined under light microscope. Histological alterations were recorded according 

to Ishak et al scoring system
 (34)

: 

0 = absent, + = mild, ++ = moderate, +++ = severe 

2.3.10 Assessment of Teratogenicity: 

Method described by ALharbi et al 
(35)

 and Eltahir et al 
(36)

 was used. Adult female 

Wistar albino rats were allowed to mate with proven male rats in a ratio of 1 male 

to 1 female. Presence of vaginal plug was taken as an indicator of copulation and 

that day considered as day one of pregnancy. Toxic dose (0.08 mg/kg) of N.haje 

venom was injected on day 7 of pregnancy (GD7) and observed for continuity of 

pregnancy. Delivery of fetuses was allowed to be by spontaneous parturition. 

Number of live and dead fetuses was recorded, live fetuses were weighed 

individually and each fetus was examined for any external abnormalities. 
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2.4. Experimental design and treatment procedure: 

2.4.1 Experimental design: 

All treatments were by intraperitoneal (i.p) route of administration 

Design to determine minimal lethal dose of each snake venom: 

Initially, rats were divided into 3 groups (5 rats each): 

Group 1:  1mg/kg, i.p., Naja haje venom  

Group 2:  1mg/kg, i.p., Naja nubiae venom 

Group 3:  1mg/kg, i.p , Cerastes cerastes venom 

According to finding of these doses, consecutive doses for each venom were used 

and finally, minimal lethal doses were determined. 

These groups were observed for lethality during 24 hours. Times of deaths were 

recorded. Snake venom with lower lethal dose and shorter time of death, was 

considered the most poisonous venom among the three. 

LD50 study design: 

To determine LD50 of N.haje snake venom, which was found to be the most 

poisonous one, rats were divided into 6 groups (5 rats each): 

Group 1:  received 0.5 mg/kg (LD100) 

Group 2:  injected with 0.25 mg/kg  

Group 3:  envenomed by 0.18 mg/kg  

Group 4:  received 0.12 mg/kg  

Group 5:  injected with 0.0625 mg/kg  
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Group 6:  received 0.05 mg/kg (LD0) 

Design for neurological, behavioral, hematological, biochemical and 

histopathological studies: 

15 rats were divided into 3 groups (5 rats each) as follows: 

Group 1: injected with normal saline (0.9 % NaCl) served as control group 

Group 2: received a single toxic non-lethal dose (0.08mg/kg) of N.haje venom 

dissolved in saline solution  

Group 3: envenomed with a lethal dose LD100 (0.5mg/kg) of N.haje venom 

dissolved in saline solution  

Teratogenicity study design: 

Pregnant female rats were divided into 2 groups (5 rats each): 

Group 1: control group recieved (0.9% Na Cl, i.p.)   

Group 2: injected with toxic non-lethal dose (0.08mg/kg, i.p.) N.haje venom  

2.4.2 Treatment procedure: 

Behavioral, neurological changes:  

Control and tested rats were injected and observed for any behavioral and 

neurological changes. Signs were recorded in observation sheet at time intervals: 

15 min, 30 min and 60 min post injection. 

 For the control group and rats group that have received the toxic non-lethal dose 

(0.08mg/kg) blood samples were collected at 2 hours post treatment, whereas, 

group of rats that’s envenomed with the lethal dose (0.5mg/kg) blood was collected 

just before death when the symptoms of toxicity became more serious. 

Histopathological study:  

Following the collection of blood samples, rats were sacrificed then liver and 

kidney were removed for histological examination.  
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Teratogenic aspects: 

Toxic dose of N.haje venom (0.08 mg/kg) and saline solutions were injected into 

pregnant rats on day 7 of pregnancy (GD7) then groups were observed for the 

continuity of pregnancy and after delivery fetuses were examined for external 

malformations. 

2.5. Statistical analysis: 

Data were statistically analyzed using SPSS software version 24 and presented as 

mean and standard error (SEM). Parameters of envenomed groups were compared 

to control group using one way analysis of variance (ANOVA). Results were 

considered significant at P < 0.05. 

2.6. Ethical consideration: 

Permission of this experimental study had been obtained from department of 

pharmacology, Faculty of Pharmacy, International University of Africa (appendix) 
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3. Results 

 

3.1 Lethality of Naja haje, Naja nubiae and Cerastes cerastes snakes 

venom 

Concerning the minimal lethal dose and time of mortality, table 3.1 shows that, the 

minimal lethal doses of  N.haje, N.nubiae and C.cerastes are 0.1 mg/kg, 0.4mg/kg 

and 0.5 mg/kg respectively. Mean time of death for rats that’s  received Naja haje  

snake venom is 46 min ± 3 , 90 ± 15 min for the group that envenomated by Naja 

nubiae snake venom and 180 ± 20 min for group which injected by Cerastes 

cerastes snake venom. 

 

3.2 Determination of the median lethal dose of (LD50) of Naja haje 

snake venom 

Table 3.2 reveals calculation of LD50 of Naja haje snake venom using karber 

method. LD50 was found to be equal to 0.28 mg\ kg  
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Table 3.1 Lethality of Naja haje , Naja nubiae and Cerastes cerastes 

snakes venom 

Name of snake Dose (mg/kg)  Time of death 

(Mean± SEM) 

Naja haje 0.1mg/kg 46 ± 3 min 

Naja nubiae 0.4mg/kg 90 ± 15 min 

Cerastes cerastes 0.5mg/kg 180 ± 20 min 

 

Table 3.2 (LD50) of Naja haje snake venom 

Group 

No 

of 

rats 

Dose 

(mg/kg) 

No of 

dead 

animals 

Mortality 

% 

Mean of 

death in 

2 doses 

(B) 

Dose 

difference 

(A) 

 

(A*B) 

1 5 0.5 5 100 - -  

2 5 0.25 2 40 3.5 0.25 0.875 

3 5 0.18 1 20 1.5 0.07 0.105 

4 5 0.125 1 20 1 0.055 0.055 

5 5 0.0625 0 0 0.5 0.0625 0.031 

6 5 0.05 0 0 0 0.0125 0 

       ∑ 1.06 

LD50 = LD100 - ∑ (A*B) / N 

LD50 = 5 – 1.06/ 5,, LD50 = 0.287 mg/kg 
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3.3 Behavioral effects induced by Naja haje venom 

Table 3.3 demonstrates the behavioral changes induced by Naja haje venom. 

Group 2 reported a decrease in motor activity at 30 min following the 

envenomation. Group 3 also recorded a decrease in motor activity which started 

within the first 15 min, while the control group showed absence of these behavioral 

changes. 

 

3.4 Neurological effects induced by Naja haje venom 

Table 3.4 shows that, both envenomed groups with the toxic and lethal dose of 

Naja haje venom had convulsion and paralysis when compared with the control 

group 
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Table 3.3 Behavioral effects of N.haje venom 

 

Group 

number 

 

Treatment 

groups 

 

 

Dose (mg/kg) 

Motor activity at 

different time intervals 

15 min 30 min 60min 

G1 Control  

(normal saline) 

10ml/kg 0 0 0 

G2 

 

Toxic dose of 

N.haje venom 

0.08mg/kg - - 0 

G3 Lethal dose of  

N.haje venom 

0.5mg/kg - - Died  

-: decrease in motor activity, 0: normal motor activity 
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Table 3.4 Neurological effects induced by Naja haje venom 

 

Group 

number 

 

Treatment 

groups 

 

 

Dose (mg/kg) 

 

Convulsions 

 

Paralysis 

G1 Control  

(normal saline) 

10ml/kg  

- 

 

- 

G2 

 

Toxic dose of 

N.haje venom 

0.08mg/kg  

+ 

 

+ 

G3 Lethal dose of  

N.haje venom 

0.5mg/kg  

+ 

 

+ 

 

 

+ = Present, - = Absent 
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3.5 Hematological effects of Naja haje venom 

3.5.1 Effect of Naja haje venom on RBCs 

Table 3.5 presents that, the mean score of red blood cells count is 4.85 for group 1, 

5.06 ± 0.1 for group 2 and 5.14 ± 0.14 for group 3. Statistical analysis shows no 

significant difference in red blood cells count between the 3 groups (P > 0.05). 

 

3.5.2 Effect of Naja haje venom on hemoglobin  

As shown on table 3.6, the mean value of hemoglobin level is 14.1 ± 0.76, 16 ± 

0.6, 14.9 ± 1 for group 1, group 2 and group 3 respectively.  Statistical comparison 

appears that, there is no significant change in the level of hemoglobin between the 

3 groups (P > 0.05). 
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Table  3.5. Effect of Naja haje venom on RBCs 

 

Groups 

No 
Treatment groups 

Dose 

mg/kg 

RBCs Count 

P value Mean
 
± SEM 

(cell *10
6
/mcl) 

G1 
Control 

(normal saline) 
10 ml/ kg 4.85 ± 0.1 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 5.06 ± 0.1 > 0.05 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 5.14 ± 0.1 

 

>0.05 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 

 

Table  3.6. Effect of Naja haje venom on Hemoglobin 

 

Groups 

No 
Treatment groups 

Dose 

(mg/kg) 

Hemoglobin 

concentration 
P value 

Mean ± SEM 

(g/dl) 

G1 
Control (normal 

saline) 
10ml/kg 14.1 ± 0.76 - 

G2 
N.h venom (toxic 

dose) 
0.08mg/kg 16 0.6 >0.05 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 14.9 ± 1 

>0.05 

 

 

 G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 
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3.5.3 Effect of Naja haje venom on WBCs 

In regards to the count of white blood cells, table 3.7 appears that, the mean value 

of WBCS is 4.9 ± 0.34 for group 1, 7.2 ± 1.09 for group 2 and 12.5 ± 2.07 for 

group 3. Statistical analysis reports no significant difference in the mean of WBCs 

count between group 2 and group 1 (P > 0.05) where as a highly significant 

increase in WBCs count of group 3 is found when compared with group 1 (P < 

0.01). There is a significant difference in the count of WBCs between group 3 and 

group 2 when compared statistically (P < 0.05). 

 

3.5.4 Effect of Naja haje venom on neutrophils count 

Table 3.8 reveals that, the mean of neutrophils count is 19.2 ± 1, 21.4 ± 1.5, 19.2 ± 

0.1 for group 1, group 2 and group 3 consecutively. Statistical analysis shows no 

significant difference in the count of neutrophil between the 3 groups (P > 0.05). 
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Table 3.7 Effect of Naja haje venom on WBCs 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

WBCs Count 

P value Mean ± SEM 

(cell*10
3
/mcl) 

G1 

Control 

(normal 

saline) 

10ml/kg 4.9 ± 0.3 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 7.2 ± 1.1 >0.05 

G3 

N.h 

venom(lethal 

dose) 

0.5mg/kg 12.5 ± 2 

<0.01**
 

 

<0.05
# 

 

G2 and G3 were compared statistically to Group 1, G3 compared statistically to group 2 

#
P value <0.05 considered statistically significant 

**P value <0.01considered statistically highly significant 

Table 3.8. Effect of Naja haje venom on neutrophils count 

Groups No 
Treatment 

groups 

Dose 

mg/kg 

Neutrophils 

count 
P value 

Mean ± SEM 

(cells/mm
3
) 

G1 
Control (normal 

saline) 
10 ml/kg 19.2 ± 1 - 

G2 

N.h 

venom(toxic 

dose) 

0.08mg/kg 21.4 ± 1 >0.05 

G3 

N.h 

venom(lethal 

dose) 

0.5mg/kg 19.2 ± 0.1 

 

 

>0.05 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 
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3.5.5 Effect of Naja haje venom on hematocrit 

As seen in table 3.9, the mean score of hematocrit for group 1 is 46.2 ± 2, 40.4 ± 1 

for group 2 and 48 ± 0.8 for group 3.the analysis didn’t find significant difference 

in hematocrit level between the 3 groups (P > 0.05). 

 

3.5.6 Effect of Naja haje venom on lymphocytes count 

Table 3.10 illustrates the mean of lymphocytes count as following, 66.2 ± 1.7 for 

group 1, 62.8 ± 2.3 for group 2 and 66 ± 1.5 for group 3. Statistical comparison 

appears no significant change in the level of lymphocytes count between the 3 

groups (P > 0.05). 
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Table 3.9. Effect of Naja haje venom on hematocrit 

Groups No Treatment groups 
Dose 

(mg/kg) 

Hematocrit 

% 
P value 

Mean ± SEM 

(%) 

G1 
Control(normal 

saline) 
10 ml/kg 46.2 ± 0.34 - 

G2 
N.h venom (toxic 

dose) 
0.08mg/kg 40.4 ± 1.2 >0.05 

G3 
N.h venom (lethal 

dose) 
0.5mg/kg 48 ±0.8 

>0.05 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 

 

Table 3.10. Effect of Naja haje venom on lymphocytes count 

Groups No Treatment groups 
Dose 

(mg/kg) 

Lymphocytes 

Count 
P value 

Mean ± SEM 

(cells/mcl) 

G1 
Control(normal 

saline) 
10 ml/kg 66.2 ± 1.7 - 

G2 
N.h venom (toxic 

dose) 
0.08mg/kg 62.8 ±2.3 >0.05 

G3 
N.h venom (lethal 

dose) 
0.5mg/kg 66 ± 1.0.5 

>0.05 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 
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3.5.7 Effect of Naja haje venom on MCV 

Data on table 3.11 present that, the mean score of MCV for group 1 is 83.6 ± 1.1, 

82.2 ± 1.3 for group 2 and 87.8 ± 2 for group 3. When these means compared 

statistically, the analysis reports no significant change in the level of MCV 

between the 3 groups (P > 0.05). 

 

3.5.8 Effect of Naja haje venom on MCH 

As shown in table 3.12, the mean value of MCH for group 1 is 27 ± 0.7, 28 ± 0.4 

for group 2 and 28.2 ± 0.8. There is no significant change in MCH level between 

the mean scores of the 3 groups (P > 0.05). 
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Table 3.11. Effect of Naja haje venom on MCV 

Groups 

No 

Treatment 

groups 

Dose 

(mg/kg) 

MCV Level 

P value Mean ± SEM 

(femtoliters/cell) 

G1 

Control 

(normal 

saline) 

10 ml/kg 83.6 ± 1.1 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 82.2 ± 1.3 >0.05 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 87.8 ± 2 

>0.05 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 

 

Table 3.12. Effect of Naja haje venom on MCH 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

MCH Level 

P value Mean ± SEM 

(pictograms/cells) 

G1 
Control 

(normal saline) 
10 ml/kg 27 ± 0.7 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 28 ± 0.4 >0.05 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 28.2 ± 0.86 

>0.05 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 
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3.5.9 Effect of Naja haje venom on MCHC 

Table 3.13 demonstrates that, the mean score of MCHC level is 31.6 ± 0.6, 31.6 ± 

0.7, and 30.18 ± 0.6 for group 1, group 2 and group 3 sequentially. Statistical 

analysis appears no significant difference in MCHC level between the 3 groups (P 

> 0.05). 

 

3.5.10 Effect of Naja haje venom on monocyte 

Data on table 3.14 exhibit that, the mean values of monocyte count is 16 ± 0.9 for 

group 1, 15.6 ± 1.1 for group 2 and 14.6 ± 0.74 for group 3. Statistical comparison 

reports no significant difference in the level of monocyte count between the 3 

groups (P > 0.05). 
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Table 3.13. Effect of Naja haje venom on MCHC 

 

Groups No Treatment groups 
Dose 

(mg/kg) 

MCHC Level 

P value Mean ± SEM 

(g/dl) 

G1 
Control (normal 

saline) 
10 ml/kg 31.6 ± 0.6 - 

G2 
N.h venom (toxic 

dose) 
0.08mg/kg 31.6 ± 0.7 >0.05 

G3 
N.h venom (lethal 

dose) 
0.5mg/kg 30.2 ± 0.6 

>0.05 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 

 

Table 3.14. Effect of Naja haje venom on monocyte 

 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

Monocytes 

(%) P value 

Mean ± SEM 

G1 

Control 

(normal 

saline) 

10 ml/kg 16 ± 0.9 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 15.6 ± 1.1 >0.05 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 14.6 ± 0.74 

>0.05 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 
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3.5.11 Effect of Naja haje venom on eosinophil 

Table 3.15 presents that, group 1, group 2 and group 3 have the same mean score 

of eosinophil count which is equal to 1 ± 0. 

 

3.5.12 Effect of Naja haje venom on basophil  

As seen on table 3.16 the mean of basophil count for the 3 groups is zero. 

 

3.5.13 Effect of Naja haje venom on platelets count 

Data on table 3.17 illustrate that, the mean value of platelet count for group 1 is 

368 ± 19.4, 571 ± 81 for group 2 and 615.8 ± 40.5 for group 3. Statistical analysis 

shows, no significant difference between group 2 and group 1 (P > 0.05) and a 

significant increase in platelet count in group 3 when compared with group 1 (P < 

0.0), while there is no significant difference in platelet count between group 3 and 

group 2 (P > 0.05). 
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Table 3.15. Effect of Naja haje venom on eosinophil 

Groups 

No 
Treatment groups 

Dose 

(mg/kg) 

Eosinophil 

Count 
P value 

Mean ± SEM 

(cells/microliter) 

G1 
Control (normal 

saline) 
10 ml/kg 1 ± 0 - 

G2 
N.h venom (toxic 

dose) 
0.08mg/kg 1 ± 0 - 

G3 
N.h venom (lethal 

dose) 
0.5mg/kg 1 ± 0 - 

Table 3.16. Effect of Naja haje venom on basophil 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

Basophil Count 

P value Mean ± SEM 

(cell/microliter) 

G1 
Normal saline 

(control) 
10 ml/kg 0 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 0 - 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 0 - 
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Table 3.17 Effect of Naja haje venom on platelets count 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

Platelets Count 

P value Mean ± SEM 

(cells/microliter) 

G1 
Normal saline 

(control) 
10 ml/kg 368.8± 19.4 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 571 ± 81 >0.05 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 615.8 ± 40.5 

<0.05*
 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2*P 

value <0.05 considered statistically significant 
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3.6 Biochemical effects of Naja haje snake venom 

3.6.1 Effect of Naja haje venom on AST enzyme 

Table 3.18 reveals the mean values of AST enzyme level for the 3 groups in this 

manner, 33 ± 7.1 for group 1, 227 ± 5.5 for group 2 and 231 ± 2.3 for group 3. 

Statistical comparison between the means of AST enzyme level of the 3 groups 

reports a very highly significant increase in AST enzyme level of group 2 and 

group 3  when compared with group 1 (P < 0.001) and no significant in the level of 

AST in group 3 when compared with group2.   

 

3.6.2 Effect of Naja haje venom on ALT enzyme 

By looking at the data of table 3.19, the mean of ALT enzyme level is 23.8 ± 0.8, 

60 ± 2.1 and 62 ± 0.4 for group 1, group 2 and group 3 consecutively. Statistical 

analysis demonstrates very highly significant increase in the level of ALT enzyme 

in group 2 when compared with group 1 (P < 0.001), moreover a very highly 

significant increase in ALT enzyme level of group 3 when compared with group 1 

(P < 0.001), whereas there is no significant difference in the level of ALT enzyme 

between group 3 and group 2 (P > 0.05). 
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Table 3.18 Effect of Naja haje venom on AST enzyme 

Groups 

No 

Treatment 

groups 

Dose 

(mg/kg) 

AST activity 

P value Mean ± SEM 

(IU/L) 

G1 
Normal saline 

(control) 
10 ml/kg 33 ± 7.1 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 227 ± 5.5 <0.001***

 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 231 ±2.3 <0.001*** 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

***P value < 0.001 considered statistically very highly significance 

 

Table 3.19 Effect of Naja haje venom on ALT enzyme 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

ALT activity 

P value Mean ± SEM 

(IU/L) 

G1 
Normal saline 

(control) 
10 ml/kg 23.8 ± 0.8 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 60 ± 2.1 <0.001***

 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 62.6 ± 0.4 

<0.001***
 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

***P value < 0.001 considered statistically very highly significance 
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3.6.3 Effect of Naja haje venom on ALP 

As shown on table 3.20, the mean value of ALP is 226 ± 23 for group 1, 91 ± 51 

for group 2 and 195 ± 97 for group 3. When these mean values compared 

statistically with each other, non-significant changes in ALP level between the 3 

groups is found (P > 0.05). 

 

3.6.4 Effect of Naja haje venom on serum urea 

Data on table 3.21 show the mean values of serum urea level for the groups as 

following, 10.5 ± 0.66 for group 1, 33.4 ± 7 for group 2 and 43.4 ± 1.4 for group 3. 

Statistical analysis indicates a significant increase in the level of plasma urea of 

group 2 when compared with group 1 (P < 0.05) in addition to a highly significant 

increase in serum urea of group 3 when compared with group 1 (P < 0.01), while 

there is no significant difference in the level of urea between group 3 and group 2 

(P > 0.05). 
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Table 3.20. Effect of Naja haje venom on ALP 

 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

ALP activity 

P value Mean ± SEM 

(IU/L) 

G1 
Normal saline 

(control) 
10 ml/kg 226 ± 23 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 91 ± 0.51 >0.05 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 195 ± 97 

>0.05 

 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

P value > 0.05 considered statistically not significant 

 

Table 3.21 Effect of Naja haje venom on serum urea 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

Urea 

Concentration 
P value 

Mean ± SEM 

(mg/dl) 

G1 
Normal saline 

(control) 
10 ml/kg 10.5 ± 0.66 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 33.4 ± 7 

<0.05*
 

 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 43.4 ±1.4 

<0.01**
 

 

 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

*P value < 0.05 considered statistically significant 

**P value < 0.01 considered statistically highly significance 
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3.6.5 Effect of Naja haje venom on serum creatinine 

Table 3.22 illustrates the mean scores of serum creatinine as follows, 0.38 ± 0.08, 

0.92 ± 0.08 and 0.88 ± 1 for group 1, group 2 and group 3 respectively. Statistical 

analysis appears a highly significant increase in serum creatinine level of group 2 

in comparison with group 1 (P < 0.01) as well as a highly significant increase in 

the serum creatinine level of group 3 when compared with group 1 (P < 0.01) in 

addition to no significant difference in the level of serum creatinine between group 

3 and group 2 (P > 0.05). 

 

3.7 Effect of Naja haje venom on blood glucose level 

As seen on table 3.23, the mean value of the random blood glucose level is 120.5 ± 

0.18 for group 1, 73.4 ± 12 for group 2 and 76.6 ± 10.4 for group 3. There is a 

significant decrease in in blood glucose level of group 2 when compared with 

group 1 (P < 0.05) furthermore a highly significant decrease in blood glucose level 

of group 3 when compared with group 1 (P < 0.01), while there is no significant 

change in blood glucose level between group 3 and group 2 (P > 0.05). 
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Table 3.22 Effect of Naja haje venom on serum creatinine 

Groups No Treatment groups 
Dose 

(mg/kg) 

Creatinine 

concentration 
P value 

Mean ± SEM 

(mg/dl) 

G1 
Normal 

saline(control) 
10 ml/kg 0.38 ±0.08 - 

G2 
N.h venom (toxic 

dose) 
0.08mg/kg 0.92 ±0.08 <0.01**

 

G3 
N.h venom (lethal 

dose) 
0.5mg/kg 0.88 ± 0.1 <0.01** 

G 2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 

**P value < 0.01 considered statistically highly significance 

 

Table 3.23 Effect of Naja haje venom on blood glucose level 

Groups No 
Treatment 

groups 

Dose 

(mg/kg) 

Blood glucose 

concentration 
P value 

Mean ± SEM 

(mg/dl) 

G1 
Normal saline 

(control) 
10 ml/kg 120.5 ± 0.18 - 

G2 
N.h venom 

(toxic dose) 
0.08mg/kg 73.4 ± 12 <0.05*

 

G3 
N.h venom 

(lethal dose) 
0.5mg/kg 76.6 ± 10.4 <0.01**

 

G2 and G3 were compared statistically to Group 1, G 3 compared statistically to group 2 , 

*P value < 0.05 considered statistically significant 

**P value < 0.01 considered statistically highly significance 

 

 



48 

3.8 Histopathological changes induced by Naja haje snake venom in 

Liver and Kidney rat tissues 

3.8.1 Histolopathological changes induced by Naja haje venom in rat liver 

As shown on image 3.1, image (A) liver of rat in the control group with normal 

morphological characteristics. Images (B-D), hepatic tissue of rat in the 

envenomated group, showed inflammatory response in liver indicated by cellular 

infilteration and hepatocytic swelling. 

Data of microscopic observation in table 3.24 reveals absence of infiltertation of 

lymphocytes and hepatocytic swelling in the control group, whereas a mild 

infilteration of lymphocytes appears in group 2 and group 3, moreover there is a 

moderate swelling of liver cell in group 2 (++) and severe hepaotocytic swelling in 

group 3 (+++) 
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A: Normal liver picture 

B: liver peri vascular inflammatory infiltration in the portal tract 

C: liver with ballooning of hepatocytes 

D: liver inflammatory infiltration in central area 

Table 3.24 Histolopathological changes induced by Naja haje venom 

in rat liver 

 

Microscopic Observation 

Group 

number 

Treatment 

groups 

Dose 

(mg/kg) 

Infilteration of 

Lymphocytes 

Hepatocytic 

swelling 

G1 Control 

Normal saline 

10ml/kg 
0 0 

G2  toxic dose N.h 

venom 

0.08mg/kg 
+ ++ 

G3  lethal dose N.h 

venom  

0.5mg/kg 
+ +++ 

0: no change, +: mild, ++: moderate, +++: severe 
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3.8.2 Histopathological changes induced by Naja haje in rat kidney 

By looking at image 3.2, image (A) shows untreated control kidney with normal 

architecture. Images (B-D) present histological changes in renal tissue of rat 

injected by Naja haje snake venom. Envenomated kidney appears with moderate 

inflammatory cellaular infilteration, damage of glomeruli, vacuolization of some 

kidney tubules and hydropic degeneration change. 

Table 3.25 demonstrates the microscopic observation of the impact of Naja haje 

snake venom in rat kidney. There is a minor hydropic degeneration change, besides 

minor glomerular damage and moderate inflammatory cellular infilteration in 

group 2. Group 3 appears with mild tubular vacuolization, moderate hydropic 

degeneration change, furthermore presence of moderate glomerular damage and 

inflammatory cellular infilteration, whereas control group records absence of these 

histological changes. 
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A: Normal kidney picture 

B: Inflammatory cellular infiltration 

C: Glomerular damage 

D: Hydropic degeneration change 

 

Table 3.25 Histopathological changes induced by Naja haje in rat 

kidney 

Microscopic Observation 

Group 

No 

Treatment 

groups 

Dose 

(mg/kg) 

Tubular 

Vacuoliza-

tion 

Hydropic 

Degeneratio

n- Change 

Glomerular 

Damage 

Inflammato

ry- Cellular 

Infilteration 

G1  
Control 

Normal saline 

10ml/kg 
0 0 0 0 

G2  
 toxic dose N.h 

venom 

0.08mg/

kg 
0 + + ++ 

G3  
 lethal dose 

N.h venom  

0.5mg/k

g 
+ ++ ++ ++ 

0: no change, +: mild, ++: moderate 
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3.9 Effect of Naja haje venom on rat fetus 

As shown on table 3.26, maternal weight at day 1 of pregnancy is 220 ± 10.5 for 

the control group and 220.5 ± 17 for the envenomated group. The number of 

fetuses born for each group is 0.5 ± 0.0, the mean of fetal weight is 4.2 ± 0.3 for 

group 1 and 4.3 ± 0.1 for group 2. Fetal death is zero in both groups in addition to 

absence of gross abnormalities. Statistical analysis shows no significant difference 

in the maternal weight at day 1 of pregnancy between group 1 and group 2 (P > 

0.05) and no significant change in the fetal weight (P > 0.05). 
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Table 3.26 Effect of Naja haje venom on rat fetus 

Group 

No 

Treatment 

group/ Dose 

Maternal 

Weight at 

day 1 of 

pregnancy 

No of 

Fetuses 

Born 

Fetal 

Weight(g) Fetal 

death 

Gross 

Abnormalities 

Mean±SEM Mean±SEM 

G1 

Control 

(normal saline 

10ml/kg) 

220 ± 10.5 5 4.2 ± 0.3 0 0 

G2 
N.h V 0.08 

mg/kg 
220.5 ± 17 5 4.3 ± 0.1 0 0 

  P value >0.05  P value >0.05   

 

G2 statistically compared with G1 

P > 0.05 considered statistically not significant 

  



54 

 

 

 

Chapter Four 

Discussion, 

Conclusion    

And 

Recommendations  

  



54 

4. Discussion, Conclusion and Recommendations 

 

4.1 Discussion 

Snake venom is a complex mixture consists of various substances such as 

enzymes, toxins, growth factor activators and inhibitors with a diversity of 

biological activities that result in multiple metabolic disorder, altering cellular and 

enzymatic activities in animals, besides releasing many pharmacological 

substances 
(25,37,38)

. 

 

4.1.1 Lethality of (Naja haje, Naja nubiae, Cerastes cerastes) venom: 

 Generally, lethality of snake venom depends on a combination of its potency, 

volume of venom injected into the prey and the size of the victim. In the present 

study, time taken for death following envenomation with different snakes (Naja 

haje, Naja nubiae and Cerastes cerastes) considered as an indicator of the lethality 

of the venom. 

Naja haje venom appeared to be the most poisonous one among the 3 snakes as the 

mean time of death for rats received this venom is 46 ± 3 min, Naja nubiae in the 

second place with mean time of death equal to 90 ± 15 min and Cerastes cerastes 

appeared to have the least lethality with mean time of death 180 ± 20 min. 

These findings are supported by the facts that Cerastes cerastes (the horned viper 

snake) of family viperidae which is more hemotoxic than other families of snakes. 

Viper venom contains several components which promote or inhibit hemostatic 

mechanisms including coagulation, platelet function, fibrinolysis and vascular 

integrity 
(39)

. Moreover, the bio distribution of viper venom from the site of 

injection to its numerous targets is supposably slow and partial, consistent with the 

fact that molecules in viper venom are medium and high molecular weight (20 – 60 
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KDa) compound that could have a longer residence time at the site of inoculation 

thereby reducing the venom bioavailability 
(40)

. 

On the other hand, Naja haje and Naja nubiae (Cobras) are of elapidae family they 

are mainly neurotoxic. Neurotoxic venom tends to act more quickly 
(41)

 by 

affecting the nervous system, stopping transmission of nerve signals to muscles, 

heart and lungs causing death due to complete respiratory failure 
(42)

. 

Cobra venom consist of small size molecules (MWT<15 KDa), such small 

molecules could have a shorter residence time at the site of injection causing an 

instant and complete bioavailability in the blood 
(40)

. 

In the current study, the Egyptian cobra venom (N.haje) was found to have rapid 

lethality than the Nubian cobra venom. N.haje snake is a non-spitting cobra and its 

venom is mainly neurotoxic (act more quickly), whereas Naja nubiae is a spitting 

cobra that’s have the ability to spit or spray venom from their fangs into the eyes or 

skin of the victim, spitting cobras are characterized by cytotoxic pattern of 

envenomation 
(43)

. The abundance of cytotoxic PLA2 and cytotoxins in the venom 

of N.nubiae is proposed to be the main factor for its clinical features of 

cytotoxicity. 

Kazandjan et al.
(44)

 stated that, most spitting cobra venoms are remarkably 

cytotoxic a part from the neurotoxic and cardiotoxic effects typical of other cobra 

species. So our findings are consistent with the general consideration that spitting 

cobras are primarily cytotoxic with little, if any neurotoxicity 
(45,46)

. Furthermore, 

the rank of world atlas classified venom of N.nubiae to be less toxic than N.haje 

venom which supported results of this study. 
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4.1.2 Median lethal dose (LD50) of Naja haje venom: 

The estimation of snake venom lethal dose  (LD50) is an essential step for an 

accurate evaluation of the toxic activity of specific venom and is also frequently 

used to select the relevant anti-venom batch in addition to establish the neutralizing 

capacity of each vial, according to WHO, venom lethality is expressed as median 

lethal dose (LD50) 
(47)

. 

In this study, the LD50 of N.h venom was determined via intraperitoneal injection 

of the venom in rats by karber method, according to this method the approximate 

LD50 for N.haje snake venom was determined to be equal to 0.28 mg/kg. In the 

study of Robert et al. 
(48)

, the subcutaneous LD50 of N.h venom in mice was 

reported to be 1.75 mg/kg. Other finding obtained by Ghazala et al. 
(47)

 

demonstrated that, the intravenous LD50 of the crude venom of N.h venom in rats 

was found to be 0.28 mg/kg, whereas LD50 equal to 0.25 mg/kg of N.haje venom 

by intramuscular injection into rats was found by Saeed et al. 
(31)

. 

LD50 methods have many intrinsic variables and factors that affect the toxicity 

results; one of these factors is the route of administration. Lethality of the venom 

varies with change in the route of administration; generally the LD50 values 

obtained in animals injected intravenously were lower than those acquired by 

intraperitoneal and intramuscular injection 
(40,47)

. 

Lethality of snake venom differs from species to species and even among 

individuals of the same species and this referred to multiple factors such as 

geographical location; most of the venom obtained from the same species with 

different geographical location has different LD50 values 
(47)

. Furthermore, 

seasonality, age of snake, genetic variations, and health of the snakes could 

potentially affect the LD50 values of the venom.  

The typical species of the targeted animals, its body weight and health also 

considered influencer variables which impact the lethality of the venom and the 
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values of the LD50. In the study performed by R.M Douglas 
(49)

,  to investigate the 

response of different animals to the same snake venom he found that, sheeps and 

horses are more susceptible to elapid venom than the other animals in the 

experiments (mice, guniea pigs and monkeys) and stated that different animals 

have different reactions to the same snake venom. 

 

4.1.3 Behavioral aspects: 

In the present study, both envenomed groups with two different doses of N.haje 

venom (toxic and lethal) showed decrease in motor activity at 15 and 30 minute 

time intervals (Table 3.3). This is referred to the action of snake neurotoxins which 

mainly intent the neuromuscular junction of skeletal muscle where the motor nerve 

terminal and the nicotinic acetylcholine receptors at the motor endplate are the 

dominant target sites.
(50)

  

Behavioral manifestations after snake bites have been mentioned in several case 

histories each involving varying degrees of motor weakness.
(51)

  

Comparing findings from different studies is difficult as there is a lack in the 

published experimental works studied the effect of N.haje venom on the motor 

activity of rats. 

 

4.1.4 Neurological aspects: 

Neurotoxicity is a common feature of envenomation by elapids such as Naja 

species. Acute neuromuscular paralysis is the principal type of neurotoxicity and 

it’s an important cause of mortality and morbidity related snake bite. 

In the current study, group of rat that received the lethal dose of the venom (0.5 

mg/kg) showed severe convulsions then peripheral paralysis within 15 min of 
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envenomation, whereas the group that treated by the toxic dose (0.08 mg/kg) 

exhibited moderate convulsion and peripheral paralysis after 30 min of the 

envenomation. 

The neurotoxic effects of the Egyptian cobra are referred to the presence of highly 

potent á neurotoxins which are post synaptic neurotoxins that bind and antagonize 

the nicotinic acetylcholine receptor at the neuromuscular junction resulting in 

systemic paralysis, respiratory failure and death 
(52,3)

. In similar context  Esmat et 

al.
(29)

, illustrated that N.h venom is highly lethal due to its content of alpha 

neurotoxin that’s kill by paralyzing respiratory muscles in few minutes. 

Convulsions are one of the known preparalytic symptoms and signs after 

envenomation.  

Campbell 
(53)

 revealed that, the onset of paralysis after envenomation with cobra 

venom has been shorter than its onset of bites from other snakes such as Australian 

and new quinea elapid.  
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4.1.5 Hematological aspects: 

In the present study, some hematological parameters had been measured to assess 

the hematological alterations in the envenomed rats. 

Regarding the count of white blood cells, there was a highly significant increase (P 

< 0.01) in the group rats received the lethal dose (0.5 mg/kg). 

The main function of WBCs as phagocytes is to defend against xenobiotic or 

invading microorganisms. WBCs departure from reservoir of bone marrow to the 

blood under circumstances like trauma, stress, fever or a medical agent 

administration
 (54,55)

.  Lifshitz et al. 
(56)

 assumed that, a sympathetic effect as a 

result of the stress experienced by the victims could release temperorarly WBCs 

from the marginal pools. Another suggestion is the venom can release 

inflammatory cytokines from macrophages. Maes et al. 
(57)

 stated that, snake bites 

could be considered as a type of stress exposure that leads to disputation in the 

production of WBCs and has an effect on different blood constituents.  

The finding of the elevation of  WBCs  following a lethal dose of Naja species is in 

agreed with the study of Riaz et al. 
(58)

 and Alsadoon et al. 
(59)

. 

In this study, insignificant increase in the count of white blood cells was observed 

in the group of rats that’s injected with the toxic or sub lethal dose (0.08 mg/kg) 

which is in agreement with Azza et al. 
(22)

 who reported that, injection of a sub 

lethal dose of Naja.haje venom exhibited non-significant elevation in the WBCs. 

On the other hand, high significant decrease in WBCs in mice treated 

subcutaneously with ½ LD50 of  N.haje cobra venom ,was observed by Shaker et 

al. 
(30)

 and Riaz et al. 
(58)

 whom reported that, the observed leukopenia was 

apparently an effect of peripheral destruction of cells in reticulo endothelial system 

or liver impairment. 

Differential count of white blood cells (lymphocytes, neutrophils, eosinophil, 

basophil and monocytes) showed non significant difference (P<0.05) in both 



60 

treated groups, which agreed with Shaker et al. 
(30)

 who reported that, injection of 

sub lethal doses of N.h venom in albino mice showed insignificant change in the 

count of neutrophils, monocytes and eosinophil. Similar findings obtained by Riaz 

et al. 
(58)

. 

In our study, hemoglobin, red blood cells count and erythrocytes indices (MCH, 

MCHC, MCV) exhibited in significant change in both envenomed groups. This 

result is compatible with the study of Sarang et al. 
(61)

 who stated that, 

hematological parameters such as HB, RBCs, and its indices weren’t affected by 

venom injection. 

Significant decrease in RBCs was found by Azza et al. 
(22)

 and Shaker et al. 
(30)

 they 

attributed this reduction due to the stress of envenomation which wasn’t observed 

in the present study. Diversely, a significant increase in RBCs obtained by Abdou 

et al.
(62)

 and Riaz et al. 
(58)

 whom assumed the elevation in erythrocytes could be 

due to liver failure or kidney impairment. 

The present study revealed a significant increase in platelets count in the group 

treated with the lethal dose. This thrombocytosis may describe the initiation of 

clotting process responding to bleeding and intravascular hemorrhage. This finding 

is in consistence with Shaker et al. 
(30)

 and Riaz et al. 
(58)

. 

Fluctuation of platelets count with time was observed by Alsaadon et al. 
(59)

 and 

hypothesized this fluctuation during the experiment might indicate the clotting 

process had arised to resist hemorrhage or bleeding then reduced parallel to RBCs.  
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4.1.6 Biochemical aspects: 

Owing to its fundamental anatomy, ability to clear xenobiotics from blood and 

high metabolic potential, the liver represents an organ with a high susceptibility to 

toxic effects of toxicants. 
(63)

  

Liver enzymes are the main biomarkers in assessing hepatic injury. Levels of AST 

and ALT enzymes are important in monitoring and evaluating liver inflammation 

and necrosis that’s result in release of these enzymes into the circulation due to 

increased cell membrane permeability and destruction of the cells 
(64)

. 

In the current study, the Egyptian cobra was found to induced high significant 

increase (P<0.01) in the activity of AST and ALT in both injected groups and this 

attributed to breakdown of hepatic cellular organelles and intracellular release of 

these enzymes 
(65)

. Elevation in AST and ALT levels could be attributed to the 

presence of a hepatotoxic agent in the snake venom 
(66,67)

.  

This finding is similar to those of Shaker et al. 
(30)

 who demonstrated that, 

biochemical parameters of injected animals with two different doses of N.haje 

venom showed high significant increase in the levels AST and ALT. Further 

studies supported our findings were performed by Tohamy et al. 
(38)

 and Algurashi 

et al. 
(68)

, the latter attributed the elevation of  AST and ALT in rats envenomed 

with N.haje cobra venom to damage of liver cells.  Significant increase in the 

levels of AST and ALT also found by Elamir et al. 
(22)

 and Esmat et al. 
(29)

. 

Regardless of the differences in dose, route of administration, time post 

envenomation and species all the studies of the effects of snake envenomation 

showed elevation in AST and ALT levels which indicated that liver is the primary 

target organ of snake venom.  

Results of the present study appeared that, the Egyptian cobra venom was found to 

produced significant increase in the concentration of urea in both groups with more 

significant increase (P<0.01) in group injected with the lethal dose than group 
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treated with the toxic dose (P<0.05), in addition to a highly significant increase 

(P<0.01) in creatinine concentration in both injected groups. 

 Levels of urea and creatinine in blood have been found to be a fairly reliable 

indicator of kidney function. Abnormally high levels of these two parameters worn 

of possible failure or malfunction of the kidneys. 
(69)

 

Snake venom enzymes specially phospholipase A2 and protease, initiate 

inflammatory processes that include generation of vasoactive mediators and 

proinflammatory cytokines resulting in renal and systemic hemodynamic 

alterations. 
(70)

 

Nephrotoxicity of snake venoms have been attributed to three mechanisms, 

hemodynamic effects of the venom, direct nephrotoxicity and immunologic 

reaction 
(71)

. 

Significant high levels of urea and creatinine followed receiving of N.haje venom 

is in agreement with Tohamy et al. 
(38)

, who reported that injection of N.haje 

venom induced a significant disturbance in kidney function. In the similar context, 

Al-quraishy et al. 
(68)

 claimed that, venom of the Egyptian cobra caused an 

impairment of renal function as indicated by high levels of urea and creatinine in 

rats.  Study of Saaeid et al. 
(31)

 by using two different doses (1\2 LD50, LD50) of 

N.haje venom referred the significant elevation in levels of urea and creatinine to a 

nephrotoxic effect of the cobra. Moreover our findings are incompatible with the 

studies result of Shaker et al. 
(30)

, Esmat et al. 
(29)

 and Elamir et al. 
(22)

. 

Another possibility for the increase in serum urea level in envenomed groups 

might refer to an increase of nitrogen retention and/or due to corrupted renal 

function 
(72)

. 
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4.1.7 Change in blood glucose level: 

In the current study, the Egyptian cobra venom was found to induce hypoglycemia 

in both envenomed groups. This reduction in blood glucose level indicates a 

disturbance in carbohydrate metabolism which could be as a result of some 

endogenous insulin-releasing effect of venom components 
(59)

. 

Stress from envenomation could be another factor in reducing the level of blood 

glucose, such stress might occur as direct effect of the venom stimulating the 

release of insulin or indirectly by inhibiting the release of catecholamine due to 

exhaustion or blockade of the adrenal sympathetic supply 
(73)

. Furthermore, 

hypoglycemia following N.h venom injection has been referred to be due to either 

an increased out-pouring of insulin or to an inhibition of the diabetogenic factors of 

the anterior pituitary and suprarenal cortex 
(74)

. In similar context, the study of the 

effect of the LD50 of desert cobra on rats by Alsaadon et al. 
(59)

, revealed a 

significant decrease in blood glucose level of the envenomed rats. Additionally 

Riaz et al. 
(58)

, demonstrated a reduction in in blood glucose concentration at 1 hour 

after envenomation with Naja cobra and hypothesized that, the observed 

hypoglycemia could be due to the stimulatory of phospholipase A on the facilitated 

transport of glucose, attributing that the venom exhibits kinetic resembling insulin. 

(75)
. Differently, several studies revealed the finding that, different types of snake 

venoms are responsible for hyperglycemia in different species (Esmat et al.
(29)

, 

Ezzat et al.
(47)

 ; Omran et al.
(77)

 and Sarang et al.
(61)

) whom reported that, 

hyperglycemia is probably due to mobilization of glycogen in the liver and 

muscles by a direct inhibition of glucokinase or indirectly by stimulating the 

release of epinephrine which increase the breakdown of glycogen 
(78)

. 
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4.1.8 Histopathological aspects: 

Liver damage is among the common and most serious signs of cobra snake 

envenomation 
(79)

. In the present study injection of two different doses of the 

Egyptian cobra venom (toxic and lethal dose) produced histopathological 

alteration.  

The histopathological effects of Naja haje cobra venom appeared that, livers of the 

group of rats that received toxic dose of venom (0.08 mg/kg) revealed mild 

infiltration of lymphocytes and moderate swelling of hepatocytes, whereas the 

other group that received a lethal dose of the venom (0.5 mg/kg) exhibited severe 

hepatocytes swelling and moderate infiltration of the cells. The hepatocytes 

swelling and cellular infiltration might indicate a status of inflammation of liver. 

Walter and Israel 
(80)

 proved that, the appearance of infiltrating cells is a feature of 

inflammation. 

Cellular swelling might be referred to the action of venom phospholipase enzyme, 

which causes perturbation of the cell membrane permeability with consequent 

influx of Na
+ 

and water 
(81)

. Chethankumar and Srinives 
(82)

 reported that, the 

exposure of cellular membranes to Naja haje venom phospholipase enzyme 

significantly decrease the Na
+
/ K

+ 
ATPase activities, thereby altering the ionic 

gradient, disorganizing membrane lipid bilayer and finally leads to cell death. 

As stated in Mukharjee and Maity 
(83)

, the progression of hepatic cellular swelling 

together with the effect of the venom phospholipase on the membranous 

phospholipids during envenomation might be one of the factors responsible for the 

rupture of hepatic cell membranes and the occurrence of cellular damage. 

The microscopical observations of liver rats in this study agreed with that of 

Tohamy et al. 
(38)

 who reported that, administration of ½ LD50 of Naja haje venom 

on mice had been found to cause a severe inflammatory response of the liver which 
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indicated by inflammatory cellular infiltration, hepatocytic swelling besides 

cytoplasmic vacuolation. 

Rahmy and Hemmaid 
(84)

 reported that, cobra venom induced a hepatotoxic action 

which reflected by histological and histochemical alterations of the hepatic tissues. 

Several studies revealed that, Naja haje envenomation causes cellular swelling, 

cytoplasmic vacuolization and granulation, besides intrahepatic hemorrhage, liver 

necrosis and hyperplasia of kupffer cells. 
(84,86,87,38,85)

 

The alterations in liver structure of envenomated rats in this study are confirmed 

with the elevation of liver enzymes.  

Results of the present work demonstrate that, a range of histopathological 

alterations in renal tissues had been caused by the venom of N.haje snake. 

Mild hydropic degeneration change, mild glomerular damage and moderate 

inflammatory cellular infiltration were appeared in renal tissues of group rats that 

received toxic dose of the venom (0.08 mg/kg). While, renal tissues of rats 

envenomed with the lethal dose (0.5 mg/kg) showed a mild tubular vacuolization, 

moderate hydropic degeneration change, glomerular damage and inflammatory 

cellular infiltration. 

Renal injuries following envenomation could be due to either direct or indirect 

effect of venom constituents 
(88)

. The direct effects mainly referred to presence of 

venom components that’s have an acute effects on the function a long with 

organization of the renal tissue, since the indirect action might be due to the deadly 

effect generated by reactive metabolites or mediators produced in the kidney 

during envenoming 
(89)

.  

Chang 
(90)

, interpreted the appearance of inflammation and congestion in kidneys 

on the basis of the fact that, renal excretion is the main route of excretion of elapid 

toxins. Furthermore, considering the glomerular and renal tubule epithelial cells 

are strategically intervened between the extra and intramilien, they are probable 
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targets for numerous nephrotoxic agents additionally glomeruli are the first 

structure of the nephron to come in contact with the circulating venom. As long as 

toxic substances are circulated throughout the body with blood flow and whole 

blood samples of higher organism are filtered in kidney, then, renal injury 

considered one of the most common and serious symptoms of cobra 

envenomation.
(91)

 

Results of the current observations were in agreement with the findings obtained 

by Tohamy et al. 
(38)

 who reported appearance of inflammatory cellular infiltration, 

vacuolization in tubules and shrinkage of glomeruli in most cases in renal structure 

of envenoming mice injected with ½ LD50 N.haje venom. Similar findings obtained 

by AL-Mamun et al. 
(91)

 who reported that, N.naja caused inflammatory cellular 

infiltration, tubular vacuolation, and shrinking of glomeruli in renal tissues of 

envenomed mice. 

Several types of lesions (tubular, glomerular, interstitial or vascular) were also 

recorded by Skaker et al. 
(30)

 and Scheemann et al. 
(92)

.      

 

4.1.9 Fetal aspects: 

During pregnancy snake bites could be a risk to gestation maintenance which 

depend on the pregnancy period, maternal envenomation degree a long with the 

time of the beginning of envenomation 
(93-95)

. Although snake bite envenomation 

during pregnancy not being entirely elucidated, the exposure to that venom during 

this period could lead to fetal growth retardant, teratogenic effect and mutation 
(95)

.   

Present results showed that  N.haje venom administered at toxic dose (0.08 mg/kg) 

on GD7 didn’t induce abortion nor external anomalies. The fetuses appeared with 

normal skull form, ears, eyes, mouth, tail, foot conforming and anal drilling when 

compared with the control group. Furthermore, there was non significant change in 

fetal weight between the two groups.   
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After extensive searching and reading, experimental records about the effect of 

N.haje snake venom on the continuity of pregnancy and induction of external 

malformations of fetuses weren’t found in literature. 

Study of Maria et al. 
(32)

 to investigate the effect of Bthrops jaraka snake venom on 

pregnant mice on GD5 (Gestation Day) reported that, experimental groups revealed 

presence of external malformation, yet, it occurs in just one fetus what couldn’t be 

related to venom exposure.  

It remains uncertain whether snake venom crosses the placenta, although indirect 

evidence of placental transfer has been already represented in cases where adverse 

fetal effects occurred in the absence of adverse maternal effects.
(96-98)
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4.2 Conclusion  

Results obtained in this study can be summarized as: 

❖ Among the three snakes venom (Naja haje, Naja nubiae, Cerastes cerastes) Naja 

haje is the most poisonous snake with the lowest minimal lethal dose rapid onset of 

lethality 

❖ Further toxicological studies conducted on N.haje venom :   

● The LD50 of N.haje snake venom is equal to 0.28mg/kg 

● Neurotoxicity of the venom presented as paralysis and convulsions in both 

lethal and toxic dose 

● Lethal and the toxic dose of the venom induced hypoglycemia 

● Both lethal and toxic doses of venom induced liver and renal dysfunction 

reflected by elevation in levels of liver enzymes (AST,ALT) and kidney 

parameters (urea, creatinine) 

● The two doses (lethal, toxic) caused pathohistological alterations in liver and 

kidney tissues. 

● Leukocytosis, thrombocytosis are the hematological effects of the lethal dose of 

venom  

● The toxic dose didn’t induce gross abnormalities 

Finally, it can be concluded that, lethal and toxic doses of Naja haje snake venom 

are neurotoxic, hepatotoxic and nephrotoxic. While the lethal dose of the venom 

had an additional hemotoxicity.  
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4.3 Recommendations: 

 

1. Toxicological effects of Naja haje snake venom on other organs (heart, 

brain, lung and spleen) should be studied 

2. Fractionation of the components of Naja haje snake venom  

3. Further toxicological studies concerning the two other snakes (Naja 

nubiae and Cerastes cerastes) presented in this study should be 

conducted 
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