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ABSTRACT 
 

The most effective and acceptable therapy for snakebite victims is the immediate administration of 
antivenin following envenomation which is limited by problems of hypersensitivity reactions in 
sensitive individuals and its inability to resolve the local effects of the venom. In this study, we report 
the specificity studies of Phospholipase A2 (PLA2) Inhibitor isolated from Echis ocellatus Serum 
(PIES) towards snake venom neurotoxic PLA2 and non-toxic mammalian secretory PLA2. Membrane 
stabilizing and protective ability of PIES was recorded by its potential to reduce hemolysis due to 
venom PLA2 from 81.20% to 35.30% in vitro. Coagulant potentials of PIES were also seen in its 
ability to restore plasma coagulation time to less than a minute. Interestingly, PIES does not affect 
the enzymatic activity of mammalian secretory PLA2 but strongly inhibits PLA2 activity of Echis 
ocellatus (carpet viper) in this study. The present study shows that PIES holds a good promise for 
the development of novel antivenin drug in future. 
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1. INTRODUCTION 
 
The number of known venomous species of 
snakes does not exceed 650 [1]. About 100 
different species have been reported in Africa. In 
Nigeria, 57 species have been documented of 
which only 10 are known to be fatally venomous 
[2,3]. In the recent past, the incidence of 
snakebite worldwide has been reported to be in 
excess of 300,000 per year with more than 
150,000 deaths [4] mainly due to Echis ocellatus 
(carpet viper). Based on hospital records, the 
four most deadly Northern Nigerian snakes are 
Echis ocellatus, Naja nigricollis, Bitis arietans 
and Naja katiensis [5], 
 
The carpet viper, Echis ocellatus has been 
reported to be the most medically important 
snake and among the commonest cause of 
envenomation in West Africa, being responsible 
for approximately 95% of the reported cases in 
northern Nigeria causing several hundreds of 
deaths annually [6]. Echis ocellatus is commonly 
found in the Benue- Niger valley axis and the 
hilly north-eastern part of Nigeria [7]. 
 
Snake venom, the most complex of all poisons is 
a mixture of enzymatic and non enzymatic toxic 
compounds as well as other nontoxic proteins, 
non proteins including carbohydrates and metals 
all stored in the poison gland [8]. 
 
Phospholipase A2 (PLA2) is a lipolytic enzyme 
that hydrolyses the fatty acyl ester bonds at the 
2-sn position of membrane phospholipids 
producing equimolar amounts of free fatty acid 
(FFA) and lysophospholipid, mainly arachidonic 
acid (AA) The enzyme from snake venoms is 
primarily used for trophic and defence functions 
in most species but show wide range of 
pharmacological activities such as neurotoxicity, 
myotoxicity, cardiotoxicity, but with a greater 
impact on platelet aggregation and blood 
coagulation [9]. 
 
The treatment for snake bite is as variable as the 
bite itself. The only available treatment is the use 
of antivenin against snake bite. Antivenin binds 
to and neutralises the venom, stopping further 
damage, but do not reverse the damage already 
done [10]. Some individuals may react to the 
antivenin with an immediate hypersensitivity 
reaction [11]. Other alternative treatment involves 
the use of folk and traditional medicines. 
 

Venomous snakes are resistant to their own 
venom and several natural neutralizing proteins 
have been identified in their plasma [12]. In 
particular, PLA2 inhibitors have been isolated 
from various snake sera and their primary 
structures have been determined [13]. However, 
information as regards the nature and specificity 
of these inhibitors from E. ocellatus is still scanty 
and yet to be fully elucidated. Thus, this study 
aims at investigating the specificity of PLA2 

inhibitor towards snake venom neurotoxic PLA2s 
(β-neurotoxins) and nontoxic mammalian PLA2s 
and its potential as therapeutic drug for snakes 
envenoming. 
 
2. MATERIALS AND METHODS 
 
Reagents were purchased from Sigma Chemical 
Company, St. Louis, U. S. A. twelve (12) adult 
Echis ocellatus snakes were obtained from 
Kaltungo, Gombe State, Nigeria and identified at 
the Department of Biological Sciences, Faculty of 
Science, Ahmadu Bello University, Zaria, Nigeria. 
Blood samples of Bovine, Ovine and Caprine 
were collected from Zangon Shanu abattoir, 
Zaria, Kaduna State, Nigeria. 
 
2.1 Collection and Preparation of Venom 
 
Echis ocellatus identified were kept in wooden 
boxes. They were fed with raw meat fortnightly. 
Venom was collected by the modified milking 
method [14] from twelve (12) adult Echis 
ocellatus of both sexes, pooled and lyophilized 
using a dessicator with activated silica as the 
dessicant and stored at 4°C until required. These 
was referred to as crude venom. 
 
2.2 Collection and Preparation of Serum  
 
The blood was obtained by bleeding the snakes 
through the caudal vein. After blood clotting at 
room temperature, the serum was separated by 
centrifugation at 3000xg for 5mins and kept in 
the refrigerator until further use [15]. 
 
Blood samples were collected each from five (5) 
Bovine, Ovine and Caprine from Zangon Shanu 
abattoir in Zaria, Kaduna State, Nigeria. The 
blood were allowed to stand for 30 minutes at 
room temperature and thereafter centrifuged at 
3000xg for 5 mins to collect the serum. The 
serum obtained from these animals were 
regarded as the non toxic secretory PLA2. 
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2.3 Partial Purification of Phospholipase 
A2 from Crude Venom Echis ocellatus 

 

2 ml of 10 mg/ml of crude E. ocellatus venom 
was loaded on sephadex G-75 column 
equilibrated with 50 mM phosphate buffer (pH 
6.5). The column was eluted with the same 
buffer, maintaining a flow rate of 1 ml/min. 2 ml 
each of 50 fractions were collected and assayed 
for PLA2 [16] and total protein concentration by 
taking absorbance at 280 nm [17]. The PLA2 
active fractions were used for the study. 
 

2.4 Purification of PLA2   Inhibitor from 
Echis ocellatus Serum 

 

5 ml of serum collected from the E. ocellatus 
snakes was directly fractionated at 4°C on a 
sephadex G-200 column, pre equilibrated with 
0.05 M Tris HCl buffer, pH 8.1 containing 0.15 M 
NaCl. The column was eluted with the same 
buffer at a flow rate of 2 ml/hr. 2 ml of twenty 
fractions were collected and inhibition studies 
(assay for residual PLA2 activity) was carried out 
and fractions exhibiting inhibitory activity against 
the partially purified PLA2 from Echis ocellatus 
venom were pooled together and directly loaded 
on a DEAE cellulose column pre equilibrated with 
0.05 M phosphate buffer, pH 6.8. The column 
was eluted with a stepwise linear gradient of 
sodium chloride (0.01- 0.1 M NaCl) at a flow rate 
of 5 min/ml. 2 ml of fifty Fractions collected were 
assayed for residual PLA2 activity and total 
protein and fractions exhibiting inhibitory activity 
against E. ocellatus PLA2 were pooled together, 
dialysed and stored at -4°C until further use [18]. 
 

2.5 In vitro Studies of Effect of PIES on 
Echis ocellatus Venom 

 

2.5.1 Red blood cell fragility test 
 

Membrane stabilizing activity of the partially 
purified PIES was assessed using hypotonic 
solution-induced rat erythrocyte haemolysis. The 
tail tips of 3 clean healthy Albino rats were 
clipped and 200 µL of blood was collected each 
in heparinised capillary tubes and transferred to 
5 ml of phosphate buffered saline pH 7.4 and 
centrifuged. The washing was repeated until a 
clear supernatant was seen. The test sample 
consisted of stock erythrocyte (RBC) suspension 
(0.50 ml) mixed with 10 µl of partially purified 
PLA2 from Echis venom, 4 ml of 10 mM sodium 
phosphate buffered saline  (pH 7.4) and 25 µl of 
the partially purified PIES ( 5, 10 and 20%). The 
control sample consisted of 0.5 ml of RBC mixed 

with 4 ml hypotonic -buffered saline solution 
alone. The mixtures were incubated for 2 hours 
at room temperature and centrifuged at 3000xg 
for 10 min and the absorbance of the 
supernatant was measured at 540 nm. The 
percentage inhibition of haemolysis or membrane 
stabilization was calculated [19]. 
 

% Inhibition of heamolysis = 100 x {OD1-
OD2/OD1} 

 
Where: 
 

OD1 = Optical density of hypotonic saline 
solution alone 
OD2 = Optical density of test sample.  

 

2.6 Determination of Anticoagulant 
Activity 

 

A method with modification was adopted. 
Citrated bovine plasma was prepared by adding 
1% w/v of sodium citrate to 2 ml of blood. The 
blood was then centrifuged at 3000xg for 5 mins 
to obtain the plasma. The test sample consisted 
of 200 µl of plasma, 100 µl of crude E. ocellatus 
venom and 25 µl of 5%, 10% and 20% of PIES 
each. While the control samples consisted of 200 
µl of plasma for the normal and 200 µl of plasma 
and 100 µl of crude venom for the positive 
controls respectively. The samples were 
incubated in a water bath at 37°C for 60 seconds 
and a final 100 µl of 25 mM CaCl2 was added, 
and the coagulation time (Recalcification time) 
recorded [20]. 
 

2.7 Effect of PIES on the Enzymatic 
Activity of E. ocellatus PLA2 and Non 
Toxic    Mammalian Secretory PLA2s 

 

2.7.1 Effect of PIES on bovine, ovine and 
caprine serum 

 
The effect of partially purified PIES on Bovine, 
Ovine and Caprine serum was determined after 
measuring activities of the following groups: 
 
Group 1: Bovine, Ovine and Caprine Serum 

PLA2 + Substrate  
Group 2: Tannic acid + Bovine, Ovine and 

Caprine Serum PLA2 + Substrate 
(standard    control)  

Group 3: Bovine, Ovine and Caprine Serum 
PLA2 + partially purified PIES (10%) 
+ Substrate. 

Group 4: Bovine, Ovine and Caprine Serum 
PLA2 + partially purified PIES (10%) 
+ Echis PLA2 + Substrate. 
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2.7.2 Effect of PIES on partially purified                   
E. ocellatus PLA2 

 

Group 1: Partially purified Echis PLA2 + 
Substrate 

Group 2: Tannic acid + partially purified Echis 
PLA2 + Substrate (standard control) 

Group 3: Partially purified Echis PLA2 + 
partially purified PIES (10%) + 
Subtrate  

Group 4: Partially purified Echis PLA2 + 
partially purified PIES (30%) + 
Subtrate  

Group 5: Partially purified Echis PLA2 + 
partially purified PIES (40%) + 
Subtrate  

Group 6: Partially purified Echis PLA2 + 
partially purified PIES (50%) + 
Subtrate 

 

3. RESULTS 
 

3.1 In vitro Studies of Effect of Partially 
Purified PIES on Partially Purified 
Echis ocellatus Venom 

 

The in vitro hemolytic effect of partially purified 
Echis PLA2 significantly (p<0.001) reduced from 
81.2±0.010 in blood samples without PIES, to 
64.3±0.019% and 35.3±0.017% in blood samples 
treated with 10% and 20% PIES respectively. 
However, the percentage observed in untreated 
blood samples (81.2±0.010) was not significantly 
different from samples treated with 5% PIES 
(83.6±0.024), showing a dose dependent effect 
(Table 1). 
 
The anticoagulant activity of E. ocellatus venom 
in the presence and absence of partially purified 
PIES was given as the average recalcification 
time (in minutes) of citrated bovine plasma; and 
from the results (Table 2), it decreased 
significantly from 4.32 minutes in plasma without 
the inhibitor to 0.54 minutes on addition of 20% 
PIES. The recalcification time was found to be 
dose-dependent as it decreased with increasing 
concentration of PIES at 5% (3.56 minutes), and 
10% (1.23 minutes). 
 

3.2 Effect of Partially Purified 
Phospholipase A2 Inhibitor from 
Echis ocellatus Serum (PIES) on 
Non-toxic Secretory Phospholipase 
A2 

 

Table 3 shows the effect of partially purified PIES 
on non-toxic secretory PLA2 from Bovine, Ovine 
and Caprine. Tannic acid completely inhibited 

non-toxic PLA2 (0.200±0.000 µmol/min) and was 
significantly lower (p< 0.05) than values obtained 
in Bovine, Ovine and Caprine samples. 
 

Table 1. Inhibition of hemolysis due to 
phospholipase A2 from Echis venom by 

partially purified phospholipase A2 inhibitor 
from Echis ocellatus serum (PIES) 

 

Parameter Haemolysis (%) 

Hypotonic solution + blood 
only 

100 

Venom PLA2 + blood only 81.2±0.010a 
Venom PLA2 + 5%PIES + 
blood 

83.6±0.024a 

Venom PLA2 + 10%PIES + 
blood 

64.3±0.019b 

Venom PLA2 + 20%PIES + 
blood 

35.3±0.017c 

Mean ±SD for three determinations; values with 
different superscripts are significantly different at 

p<0.001 one way ANOVA 

 
Table 2. Effects of partially purified PIES on 
anticoagulant activity of E. ocellatus venom 

 

Sample Recalcification time 
(min) 

Plasma only 4.23 

Crude venom  *** 
Venom + plasma + 5% 
PIES 

3.56 

Venom + plasma + 
10% PIES 

1.23 

Venom + plasma + 
20% PIES 

0.54 

Average recalcification time for three determinations; 
***No clotting after 30 mins 

 
In Bovine, samples without treatment 
(6.880±0.759 µmol/min) were not significantly 
different (p< 0.05) when compared with those 
treated with 10% PIES (5.720±0.668 µmol/min). 
However, samples treated with 10% and partially 
purified PLA2 from E. ocellatus (4.965±0.487 
µmol/min) had values lower than the treated and 
untreated with partially purified PIES. 
 
In Ovine, there was no significant difference 
(p=0.105) between samples without treatment 
(7.260±0.263 µmol/min), samples treated with 
partially purified 10% PIES (6.480±0.580 
µmol/min) and samples treated with 10% PIES 
and partially purified PLA2 from E. ocellatus. 
(6.800±0370 µmol/min). 
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In Caprine, samples without treatment 
(6.580±0.944 µmol/min) were not significantly 
different (p< 0.05) when compared to those 
treated with 10% partially purified PIES 
(6.425±0.286 µmol/min), whereas, samples 
treated with partially purified 10% PIES and 
partially purified Echis PLA2 (5.342±0.628 
µmol/min) were lower than values obtained for 
the untreated samples and samples treated with 
10% PIES. 
 

3.3 Effect of Partially Purified PIES on              
E. ocellatus PLA2 

 
The partially purified PIES significantly (p< 
0.001) reduced the activity of partially purified 
PLA2 from E. ocellatus venom. Treatment of                 
E. ocellatus PLA2 with tannic acid (0.200±0.000 
µmol/min) significantly (p< 0.001)                         
reduced the Echis PLA2 activity when                  
compared with untreated samples in group 1 
(5.531±0.11 µmol/min) and samples treated with 
10% (3.281±0.28 µmol/min), 30% (2.277±0.87 
µmol/min), 40% (2.114±0.71 µmol/min) and 50% 
(1.587±0.09 µmol/min) PIES. Also the PLA2 

activity of samples treated with 40% and 50% 
PIES were significantly (p< 0.001) lower than the 
untreated samples in group 1 (5.531±0.1 
µmol/min), but were not significantly (p< 0.001) 
different from samples treated with 10%            
(Table 4). 
 
4. DISCUSSION 
 

The partially purified E. ocellatus PLA2 catalysed 
the extensive haemolysis of RBCs (Table 1). 
About 80% haemolysis was achieved after 2 
hours post incubation. However, in the presence 
of 20% (v/v) PIES, there was a significant 
decrease (p<0.001) in the haemolysis of RBCs to 
about  35.3±0.017%. It can be construed that the 
haemolytic activity may be linked to hydrolysis of 
membrane lecithin since the hydrolysis was 

followed as a function of released free fatty acids 
[21]. More so, the hydrolysis of lecithin generates 
free fatty acid and lysolecithin, while the former 
leads to acidosis, the later is a powerful 
hemolyzing agent with detergent-like effects [22]. 
In a related finding, Andrographis paniculata and 
Aristolochia indica extracts were capable of 
inhibiting PLA2 dependent hemolysis of Ovine 
RBCs induced by Echis venom in a dose 
dependent manner [23]. PLA2 causes a complete 
degradation of glycerol phospholipids in the cell 
membrane as they attack lecithin-converting 2/3 
of the phospholipids into lysoderivative [24]. The 
destruction of cell membrane integrity may in turn 
lead to phospholipase activation and release of 
arachidonate followed by the biosynthesis and 
release of eicosanoids to surrounding tissue, 
which, by themselves cause considerable 
membrane damage [25]. In this context,                             
an inhibition of PLA2 enzyme plays a significant 
role in preventing membrane damage [26]. The 
suppression of haemolysis by PIES                        
suggests that PIES- PLA2 interaction may protect 
the cell from haemolytic anaemia. 
 
The anticoagulant action of venoms due to 
Viperidae, Crotalidae and Elapidae bites is 
mainly due metalo and serino proteinases but 
PLA2 enzymes have a great importance too, 
though, there are quite a number of non PLA2 
anticoagulant from the same source [27,28]. It 
has also been reported that crude venom from 
Bothrops jararaca snakes has anticoagulant and 
PLA2 activities [29]. Table 2 shows that              
E. ocellatus venom is capable of preventing 
coagulation of citrated bovine plasma. Treatment 
with partially purified PIES reduced the 
recalcification time from over 30 minutes to less 
than 60 seconds. These shows that PIES is also 
likely to be a proteinase inhibitor because our 
results conforms with the findings who reported 
that both Indigofera pulchra nad Aristolochia 
albida were found to neutralise the anticoagulant,

Table 3. Effect of partially purified PIES on non toxic secretory PLA2 activity 
 

Group Bovine Ovine Caprine 

1 
2 

6.880±0.759a  
0.200±0.000 b 

7.260±0.263a 

0.200±0.000 b 
6.580±0.944a  
0.200±0.000 b 

3 5.720±0.668a 6.800±0.370a 6.425±0.286a 
4 4.965±0.487ab 6.480±0.580a 5.342±0.628ab 

F=0.239; p=0.791; F=2.741; p=0.105; F=2.132; p=0.365 
Statistically significant difference exists at p<0.05. Mean values were separated by Duncan’s Multiple Range test 

All values are expressed as phospholipase A2 activity in µmol/min 
Group 1: L-α-lecithin + Bovine, Ovine and Caprine serum 
Group 2: L-α-lecithin + tannic acid + Bovine, Ovine and Caprine serum 
Group 3: 10% PIES + L-α-lecithin + Bovine, Ovine and Caprine serum 
Group 4: 10% PIES + Echis PLA2 + L-α-lecithin + Bovine, Ovine and Caprine serum 
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haemolytic and PLA2 activities of crude venom 
from viperidae snakes [30]. Similarly, it has also 
been reported that PLA2 purified from Daboia 
russeli siamensis venom significantly (p<0.05) 
shortened the rate of coagulation activity of 
human citrated plasma [31] and this may be due 
to the binding of clotting factor Xa (FXa) to inhibit 
prothrombinase complex, which is the target 
protein for anticoagulant PLA2s as previously 
reported [32]. 

 

Table 4. Effect of partially purified PIES on E. 
ocellatus PLA2 

 

Group E. ocellatus PLA2 

1 5.531±0.11a 
2 0.200±0.00c 
3 3.281±0.28ab 
4 2.277±0.87ab 
5 2.114±0.71b 
6 1.587±0.09b 

F=9.476; p< 0.001*; a, b, c = statistically significant 
difference exists at p<0.01. Mean ±SD for three 
determinations separated by ANOVA 
All values are expressed as phospholipase A2 activity 
in µmol/min 
Group 1: partially purified Echis PLA2 + Substrate 
Group 2: Tannic acid + partially purified Echis PLA2 + 
Substrate (standard control) 
Group 3: Partially purified Echis PLA2 + partially 
purified PIES (10 %) + Substrate 
Group 4: Partially purified Echis PLA2 + partially 
purified PIES (30 %) + Substrate 
Group 5: Partially purified Echis PLA2 + partially 
purified PIES (40 %) + Substrate 
Group 6: Partially purified Echis PLA2 + partially 
purified PIES (50 %) + Substrate 

 
From our results, treatment of Bovine, Ovine and 
Caprine serum with partially purified PIES did not 
affect the PLA2 in the serum samples tested 
(Table 3); but significantly (p<0.001) decreased 
PLA2 activity in partially purified Echis PLA2 

(Table 4). Our findings are similar to the reports 
that a PLA2 inhibitor isolated from Crotalus 
durissus terrificus snake serum; Crotoxin 
Inhibitor from Crotalus Serum (CICS) inhibits the 
PLA2 activity and neutralizes the 
pharmacological action of crotoxin, the main 
neurotoxin from Crotalus durissus terrificus 
venom. It also inhibits and neutralizes other PLA2 
β-neurotoxins from Viperidae snake venom, but 
does not act on PLA2 β-neurotoxins from 
Elapidae venom or the toxic or nontoxic PLA2s 
from other sources [33]. In a related study, 
extract of Guiera senegalense and Sterculia 
setigera gave 33.4% and 44.3% protection to 
mice treated with a minimal lethal dose of 
Viperidae venom but offered no protection to 

mice treated with minimal lethal dose of Elapidae 
venom [34]. Thus, our findings suggest that the 
carpet viper contain in its blood a PLA2 inhibitor 
that inhibits the snake venom PLA2 but does not 
act on the non-toxic secretory PLA2 from 
mammals, indicating its specificity. 
 
5. CONCLUSION 
 
From this study, it is concluded that 
phospholipase A2 (PLA2) inhibitor from Echis 
ocellatus serum (PIES) have membrane 
stabilising potentials by its protective ability 
against venom induced RBCs hemolysis. 
Because of its specificity, PIES might be 
therefore useful in the treatment of 
envenomations by the Viperidae snakes. In this 
context, it is important to note that PIES has no 
effect on the mammalian secretory PLA2s, 
indicating that it should not interfere with the 
normal biological function of these enzymes. 
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