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Abstract: The first and second (two) dimensional gel electrophoresis has a broad protein resolution power. It was used 
to separate and identify cobra venom proteome. The importance of characterizing venom proteins contents from the 
Egyptian elapidae, specifically neurotoxins, is based on the need to produce effective anti-venom. About 30-55distinct 
protein spots were identified on silver stained two-dimensional gels. Around two-thirds of the venom proteins displayed 
low a molecular weight and a migration into hydrophobic side. The venoms from Naja haja and Naja nigricollus showed 
45-55 spots, while Walternnesia aegyptia had less (31-37) spots. The commercial prepared polyclonal antivenom had a 
strong signal for anionic and cationic venom protein spots with molecular weight 20-115 kDa. However, it showed weak 
or non immunoreactivity toward anionic low molecular weight spots (2.5-15kDa). These results suggest the need to 
change the immunization schedule to include low molecular weight toxin-proteomes as separate dose or sequester 
injection. 
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INTRODUCTION 
 
Still, the snake envenomating is emergency crisis need 
immediate intensive medical care using effective anti-
venom, although most patients are scattering over rural 
and/or villages' areas. The accurate global of snakebite 
cases and its associated mortality are difficult to estimated 
(Correa-Netto et al., 2010). A recent study reported that 
the worldwide snakebite incidence was 20,000 deaths out 
of at least 4,210,000 envenomating cases annually 
(Calvete, 2009). In Egypt, snakes belonging to Elapidae 
such as Naja haja, Naja nigricollus and Walternnesia 
aegyptia are widely distributed in several rural and 
villages regions. All bites from Egyptian elapidae are 
potentially fatal for humans (Stein and Helmy, 1992). 
Biochemical analysis of the cobra venom indicated the 
presence of neurotoxin (NT) and other enzymes (Kamil 
1974, Boquet, 1979, Redwan, 2002a). The venome 
protein content based on its dry weight will reach 90% 
(Nawarak et al., 2003), while the neurotoxins (α-
neurotoxin and short chain neurotoxin) represent 
approximately 20-65% by weight of the whole cobra 
venom, and are highly toxic (Le Goas et al., 1992, Lallem 
and, 1992, Nawarak et al., 2003), which their 
biochemical, biological and protein characteristic are still 
wanted. 
 
The anti-venome are produced commercially by more 
than 46 of different public and private laboratories 
worldwide (Theakson and Warrell, 1991, Pla et al., 2012). 
There are two major problems with the effectiveness of 

most antivenoms: i) approximately 30-84% of 
envenomating patients receiving anti-venom develop 
early (anaphylactic) and/or delayed serum sickness type 
reactions (Malasit et al., 1986; Theakston and Smith, 
1995; and Moran et al, 1998). ii) The anti-venoms are not 
effective against the low molecular weight toxins, 
specifically the NT (Boquet 1979; Li and Owenby 1992, 
and Sells et al, 1994). In addition to, the world has 
permanent anti-venom shortage specifically the poorer 
regions within developing countries (Gutierrez, 2012). 
Pharmaceutical antibody in general and anti-venom 
specifically have a significance development during the 
last 20 years (Redwan 2003, Royle et al., 2003, Redwan 
2006, 2007, 2002, 2009a, 2005). Animal-derived anti-
venom remains the effective drug for this neglected and 
tropical pathology of snakebite envenoming (Redwan 
2009b, Gutierrez, 2012). The anti-venom volume to be 
infused for each envenomated patient critically dependent 
on its ability to neutralize and/or reverse venom induced 
pathological signs. The low effectiveness anti-venom 
leads to increase the anti-venom volume to control the 
venom toxic effect, which mains subsequently increase of 
the adverse effects (Calvete et al., 2009). 
 
The inefficacy of anti-venom was shown by ELISA 
against purified NT, or SDS-PAGE/immunoblot of crude 
venom, and clinically by observation (Malasit et al., 
1986; Sells et al., 1994). Two-dimensional gel 
electrophoresis (2DE) is one of the most powerful 
techniques for protein analysis, as it can separate and 
quantities thousands of individual proteins from complex 
biological samples (Pini et al., 1998, Redwan, 2002a). *Corresponding author: e-mail: redwan1961@yahoo.com
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While, recently the resolution power of 2-DE was 
equipped with mass spectroscopy, which has more 
molecular protein identification power (Calvete et al., 
2009). The use of 2DE can be extended if good quality 
affinity reagents (e.g. antibodies) can be produced against 
individual spots from gels. Unfortunately we do not have 
availability of this sophisticated equipment. The main aim 
was harnessed the 2DE technique for cobra venome 
proteome identification and anti-venom immunreactivity 
against different venome protein spots.  
  
MATERIALS AND METHODS 
 
Venoms and anti-venoms 
Venom was obtained by milking from Naja haja, Naja 
nigricollus and Waltrnnesia aegyptia. All venom collected 
was weighed, lyophilized and stored at -20oc in the dark. 
Polyclonal anti-venom (produced against Naja haja, Naja 
nigricollus, Echis carinatus and Cerastus cerastus) was 
raised in horses and purified by caprylic acid 
methodology (VACSERA, Cairo, Egypt). 
  
SDS-PAGE 
Electrophoretic separation of venom proteins were 
performed under reducing and non-reducing conditions 
using 15% gels (Laemmli, 1970). Venom was dissolved in 
pyrogen free water (1mg/ml) then mixed with an equal 
volume of the corresponding sample buffer, and 100 Mg 
of sample was applied to each lane. Following SDS-
PAGE, gels were transblotted or stained with Coomassie 
brilliant blue R-250 (BioRad, CA, USA). 
  
Immunodiffusion 
Horse anti-venom F (ab)2 was tested by immunodiffusion 
on 1% agarose plates (Ouchterlony and Nilson 1978). 
Samples included 10 Ml of individual venom and horse 
anti-venom were loaded into separate wells. Plates were 
incubated for 72 hour at 4C, then extensively washed with 
saline buffer for 3 days and stained with Coomassie 
brilliant blue R-250. 
  
Two dimensional gel electrophoresis (2DE)  
2DE electrophoresis was performed according to the 
method of O’Farrell (1975). The first dimension; was 
carried out using 2% ampholines in the range of pH 3-10. 
Bio Rad colored IEF standards were run in parallel with 
each gel as IP markers. The gel was focused for 30 min at 
150 constant volts then for 3 hours at 200 constant volt. 
The final pH gradient was measured by slicing the slab 
gel into 0.5cm strips/tube containing 1ml of 0.1M KCl. 
the second dimension, SDS-PAGE, was performed using 
15% acryl amide gels. Following the electrophoresis, the 
gels were fixed overnight (10% acetic acid/50% 
methanol/40% water) then stained with silver nitrate kit 
(Bio Rad). 
  
 

Western blotting 
The venom proteins separated by SDS-PAGE or 2DE 
were transblotted onto nitrocellulose sheets. The blot was 
blocked for 60 min in 3% bovine serum albumin in 0.5% 
Tween 20-Tris buffer saline (TBS), then washed three 
times (5-10 min each) with TBS (0.5% BSA-0.1% Tween 
20). The blot was incubated with polyclonal horse anti-
venom F (ab) 2 (1:600) for 2 hours at room temperature 
(Redwan, 2002b). After washing, the blot was incubated 
for 60 min with goat anti-horse IgG alkaline phosphates 
(1:1000) (KPL, MA, USA). The blot was washed and the 
stained proteins were visualized with ready-made 
substrate (Promega, MD, USA). 
  
RESULTS 
 
The results demonstrated in fig. 1 venom proteins of the 
W. aegyptia (A;2 and B;7, 8), N. haja (A;3, 6 and B; 3, 5), 
N. nigricollus (A;4, 7 and B; 4, 6) were separated under 
reduced (A; 2,3, 4, and B; 3, 4, 8; lane 2 control horse 
serum) or non-reduced (A; 5, 6, 7 and B; 5, 6, 7) SDS-
PAGE and either visualized by Coomassie blue staining 
(A) or transferred to nitrocellulose sheet and probed with 
horse anti-venom (1:600) (B). The acryl amide 
concentrations in stacking and separating gels were 4% 
and 15%, respectively. Each loaded sample contains 50 
µg of snake crude venom. Lane 1 was molecular weights 
marker. While, fig. 1B illustrated the staining patterns by 
western blot of the Egyptian commercial anti-venom 
against three different crude venoms separated by SDS-
PAGE under reduced (lane 3,4,8) and non-reduced (lane 
5-7) conditions. All venoms and anti-venoms were used at 
the same concentration as indicated in fig. legend. The 
anti-venom has strong signals against most separated 
bands under reducing or non-reducing conditions except 
the very low molecular weight bands 3-15 kDa in both 
Naja haja and Naja nigricollus. In addition, the same 
anti-venom generated very weak signals against the 
reduced and non-reduced pattern of W. aegyptia (lanes 7, 
8). 
 
Naja haja and Naja nigricollus venom proteins exhibited 
intense low molecular weight bands around 3-15 kDa in 
both reduced and non-reduced gels (fig 1A). W. aegyptia 
venom showed 9 intense plus 4 faint bands in reduced gel. 
fig. 1A shows the reduced (lane 1-3) and non-reduced 
(lane 4-6) of SDS-PAGE patterns of the W.aegyptia (1,4) 
Naja haja (3,6) and Naja nigricollus (2,5) venom. The 
bands of molecular weight 34, 31, 10, 7 and 3 kDa were 
completely absent in non-reduced gel, which contained a 
heavy band of molecular weight 20-22 kDa. These 
changes were not clearly apparent in Naja haja and Naja 
nigricollus, which showed very faint bands above 
molecular weight 22 kDa. The result in fig. 2 shows the 
quantitative immunoreactivity of anti-venom against 
native crude venoms. The anti-venom formed about 5-6 
precipitin lines with venom of Naja haja (a), 4 precipitin 
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lines with Naja nigricollus, and 2 precipitin lines with W. 
aegyptia (c). fig. 2 Ouchterlony-Nilson immunodiffusion 
of snake venom against antibody. Central well contained 
horse anti-venom (100 µg), a, b, c wells contained N. haja 
(50 µg), N. nigricollus (50 µg), W. aegyptia (50 µg), 
respectively. 

 
Fig. 1: Snake venom (50µg/well) fractionated on 15% 
SDS-PAGE then either visualized with Coomassie blue 
staining (A) or transferred to nitrocellulose sheet and 
probed with horse anti-venom (1:600) (B). venom 
proteome of W aegyptia (lane 2A and 7,8B), N haja (3,6A 
and 3,5B), N. nigricollus (lane 4,7A and 4,6B) were 
separated under reduced (lane 2,3,4A and 3,4,8B) or 
under non-reduced (5,6,7A and 5,6,7B) conditions. 
Lane1A and 1B were represent the prestain protein 
molecular weight marker (KDa) and normal horse serum, 
respectively. 

 
Fig. 2: Ouchterlony-Nilson immunodiffusion of snake 
venom against antibody. Central well contained horse 
anti-venom (100µg), A, B, C wells contained Naja haja, 
Naja nigricollus, Wlaternesia aegyptia (100 µg/each), 
respectively. 
 

A gel of fresh venom from Naja haja is shown in fig. 3A. 
Several compact small protein spots are seen at the basic 
side around molecular weight 15-115 kDa, while below 
these spots, a heavy spot of molecular weight 3-13 kDa 
could be seen. Generally, these spot patterns are similar to 
Naja nigricollus venom protein spots pattern (fig. 4A). 
Also, fig. 4A shows the isoelectric points of 5 spots with 
molecular weights 115, 80, 75.5, 60.5, 49.5 kDa at acidic 
side, which exhibited very intense staining fig. 3. Naja 
haja crude venoms (10 µg) were analyzed using two-
dimensional gel electrophoresis, then either stained with 
silver stain (A) or transferred to nitrocellulose sheet (B). 
Western blot was developed using VACSERA anti-venom 
(diluted 1:600) and goat anti-horse alkaline phosphates 
(1:1000). The fig. shows that the VACSERA anti-venom 
detects the low molecular weight spots visualized by 
silver staining. 

 

Fig. 3: Naja haja crude venom (10µg) were analyzed 
using two-dimensional gel electrophoresis then either 
stained with silver nitrate (A) or transferred to 
nitrocellulose sheet (B). Western blot was developed 
using VACSERA anti-venom (diluted 1:600) and goat 
anti-horse alkaline phosphates (1:1000). The figure shows 
that the VACSERA anti-venom weakly immunodetect the 
low molecular weight spots visualized by silver staining. 

 
Fig. 4: Naja nigricollus crude venom (10µg) were 
analyzed using two-dimensional gel electrophoresis then 
either stained with silver nitrate (A) or transferred to 
nitrocellulose sheet (B). Western blot was developed 
using VACSERA anti-venom (diluted 1:600) and goat 
anti-horse alkaline phosphates (1:1000). The fig shows 
that the VACSERA anti-venom weakly immunodetect the 
low molecular weight spots visualized by silver staining. 
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The venom from W. aegyptia (fig. 5A) gave 30-35 spots 
corresponding to fig. 1A (lane 2). Most intense spots were 
of molecular weights 115-110, 50, 25 and 3-8 kDa with 
relatively anionic migration. Immunoblots of the same 
2DE (fig. 3B, 4B, 5B) were performed. Under the 2DE 
conditions, the horse anti-venom recognized 19 out of 51 
spots (67%) and 29 out of 55 spots (49.3%) of Naja haja 
and Naja nigricollus, respectively (fig. 3B, 4B). However, 
it failed to recognize any characterized spots of W. 
aegyptia venom (fig. 5B). Most of these signals (fig. 3B, 
4B, 5B) were directed to the spots in the basic side above 
the molecular weight 20 kDa. Identical results were 
obtained in three separate experiments. 

 
Fig. 5: Walternesia aegyptia crude venom (15µg) were 
analyzed using two-dimensional gel electrophoresis then 
either stained with silver nitrate (A) or transferred to 
nitrocellulose sheet (B). Western blot was developed 
using VACSERA anti-venom (diluted 1:600) and goat 
anti-horse alkaline phosphates (1:1000). The fig shows 
that the VACSERA anti-venom weakly immunodetect the 
low molecular weight spots visualized by silver staining. 
 
While, Naja nigricollus crude venoms (10ug) were 
analyzed (fig. 4) using two-dimensional gel 
electrophoresis, then either stained with silver stain (A) or 
transferred to nitrocellulose sheet (B). Western blot was 
developed using VACSERA anti-venom (diluted 1:600) 
and goat anti-horse alkaline phosphatase (1:1000). The 
fig. shows that the VACSERA anti-venom detects the low 
molecular weight spots visualized by silver staining. W. 
aegyptia crude venoms (15µg) were analyzed using two-
dimensional gel electrophoresis (fig. 5), then either 
stained with silver stain (A) or transferred to 
nitrocellulose sheet (B). Western blot was developed 
using VACSERA anti-venom (diluted 1:600) and goat 
anti-horse alkaline phosphatase (1:1000). The fig. shows 
that the VACSERA anti-venom detects the low molecular 
weight spots visualized by silver staining. 
  
DISCUSSION 
 
The successful anti-venom should have three 
characteristics: first, should be safe and cannot elicit high 
incidence of both early and late reactions. Second, 
affordability the anti-venom should be available by its 

intend market. Third, the product should be active with 
minimal dose volume. Using immunodiffusion, our 
results indicated that, the anti-venom-venom interaction is 
strong and gave quantitively clear precipitin lines. When 
venom proteins of three cobra species were separated by 
SDS-PAGE under reducing and non-reducing conditions, 
could observed that N. haja and N. nigricollus had similar 
staining patterns characterized by intense bands of low 
molecular weights 3-15kDa, while the W. aegyptia had a 
distinctive pattern. On the other hand, the 2DE of the 
three venoms gave similar results, which the W. aegyptia 
had distinct protein spots, and Naja haja and N. 
nigricollus had a conserved intense and highly basic 
protein spots pattern of low molecular weight. These 
results are consistent with previous comparisons of the 
chromatographic and SDS-PAGE profiles (Arid and Da 
Silva, 1991; Tan and Ponnudurai, 1992, Nawarak et al., 
2003). Most venome proteome spots of the cobras toxin 
are scattered in lower molecular mass region of the 
hydrophobic migration, which gave a unique features for 
cobra venome 2DE. It was documented that the 
hydrophobic proteome has historical 2DE separation and 
identification difficulties (Cordwell et al, 2001). 
 
The immunore activity analysis of the cobra venom using 
2DE indicates that the commercial anti-venom had strong 
signals against anionic and cationic venom proteins of 
molecular weight 20-115 kDa and very weak or no signal 
to low molecular weight (3-15 kDa) venom proteome of 
N. haja, N. nigricollus and W. aegyptia. The weak or no 
signal may be due to one of the following reasons: a) the 
anti-venom recognizes only the conformational epitopes 
of the venom proteins. However, venom proteins are 
usually extremely stable compounds, resistant in 
particular to various enzymatic attacks, high temperature, 
or even chemical modification (Boquet, 1979; Menez et 
al, 1980; Maillere et al, 1995). b) The anti-venom did not 
contain specific antibodies against these low molecular 
weight proteins. This suggestion may support the 
antigenic competition between high and low molecular 
weight antigens of snake venom during the immune 
response (Li and Owenby, 1992). It was observed that the 
rabbit immunized with γ-globulin (160kDa) and albumin 
(66kDa) produced antibodies against γ-globulin, but not 
against the albumin, although both proteins were present 
in the inoculums (Kelin and Horejsi, 2000). In addition, 
the study of Sells et al (1994) showed that out of fifty 
patients envenomed by Thai cobra Naja kouthia and 
tested for the prevalence of antibodies against the purified 
neurotoxin, only 16% were positive for the antibodies 
against neurotoxins, while 76% were positive for 
antibodies against whole venom. However, the purified 
low molecular weight proteins (neurotoxins) have been 
shown to be highly antigenic in mice when injected with 
Freunds Complete Adjuvant (Sells et al, 1994, Espino-
Solis, 2009). Also, in considering the availability of a 
neurotoxin as an antigen ii in vivo as a result of natural 
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envenoming, its low molecular weight may reduce its 
exposure to the immune system through rapid excretion 
and may form antigenic competition with other venom 
components (Kochwa et al, 1959). Another characteristic 
of the neurotoxin, which may affect its availability as an 
antigen, is its basic pI (9-10) which can lead to tissue 
binding (Sells et al, 1994, Nawarak et al., 2003). 
 
In summary, 2DE analysis of cobra venom provides us 
with a new analytical tool. The results presented here do 
not differ significantly from previous report (Redwan, 
2002a) therefore, it reinforced that the available 
VACSERA antivenom has a very weak or no reactivity 
against low molecular weight venom proteins and crude 
venom of N. haja, N. nigricollus and W. aegyptia, 
respectively. As previously mention (Redwan, 2002a) our 
studies recommend that the venom of W. aegyptia and the 
purified low molecular weight proteins (neurotoxins) of 
N. haja and N. nigricollus to be included in the production 
immunization regime as separate dose or sequester 
injection. The alternative and may be more accurate 
avenue is the generation of protein/peptide library of 
cobra species proteome species using more advance 
proteomics tools prelude to produce effective, specific 
and distinguish pharmaceutical anti-venom. 
 
REFERENCES 
 
Aird SD and Da Silva NJ (1991). Comparative enzymatic 

composition of Brazilian coral snake (Micrurs) 
venoms. Com. Biochem. Physiol., 99B: 287-294. 

Boquet P, Grifantini R, finco O, Bartotini E, Draghi M, 
Giudice GD, Kochen C, Thomas A, Abrignani S and 
Grandi G (1998). Multi-plasmid DNA vaccination 
avoid anti-genic competition and enhances 
immunogenicity of a poorly immunegenic plasmid. 
Eur. J. Immunol., 28: 1225-1232.  

Boquet P (1979). Immunological properties of snake 
venoms. In: Snake venoms, Lee C.Y. (ed.), Handbook 
of experimental Pharmacology. Springer-Verlag, 
Berlin, 52: 825-846. 

Calvete JJ, Sanz L, Angulo Y, Lomonte B and Gutiérrez 
JM (2009). Venoms, venomics, anti-venomics. FEBS. 
Lett., 583: 1736-1743. 

Calvete JJ (2013). Snake venomics: From the inventory of 
toxins to biology. Toxicon. Apr 8. pii: S0041-
0101(13)00115-3. doi: 10.1016/j.toxicon.2013.03.020.  

Cordwell SJ, Nouwens AS and Walsh BJ (2001). 
Comparative proteomics of bacterial pathogens. 
Proteomics., 4: 461-472. 

Correa-Netto C, Teixeira-Araujo R, Aguiar AS, Melgarejo 
AR, De-Simone SG, Soares MR, Foguel D and Zingali 
RB (2010). Immunome and venome of Bothrops 
jararacussu: A proteomic approach to study the 
molecular immunology of snake toxins. Toxicon, 55: 
1222-1235. 

Espino-Solis GP, Riaño-Umbarila L, Becerril B and 
Possani LD (2009). Anti-dotes against venomous 

animals: State of the art and prospectives. J. 
Proteomics., 72: 183-199. 

Gutiérrez JM (2012). Improving anti-venom availability 
and accessibility: Science, technology and beyond. 
Toxicon., 60: 676-687. 

Kamil A (1974). Fractionation of Egyptian cobra venom. 
Toxicon., 12: 495-499. 

Kelin J and Horejsi V (2000). Antigenic competition. In: 
Immunology, Blackwell Science Inc. USA, pp.518. 

Kochwa S, Gitter S, Strawss A, Devaries A and 
Leffkowitz M (1959). Immunological study of viper 
xanthina paletinae venom and preparation of potent 
anti-venom in rabbits. J. Immunol., 82: 107-115. 

Laemmli UK (1970). Cleavage of structural proteins 
during the assembling of the head of bacteriophage T4. 
Nature, 227: 680-685. 

Le Goas R, Laplante SR, Mikou A, Delsuc MA, Guittet E, 
Robin M, Charpentier I and Lallemand JY (1992). α-
neurotoxin: Proton NMR assignments and solution 
structure. Biochemistry, 31: 4867-4875. 

Li Q and Owenby CL (1992). Evaluation of four different 
immunogens for the production of snake anti-venoms. 
Toxicon., 30: 1310-1330. 

Maillere B, Mourier G, Herve M, Cotton J, Leroy S and 
Menez A (1995). Immunogeni city of a disulfide-
containing neurotoxin: Presentation to T-cells requires 
a reduction step. Toxicon, 33: 475-482. 

Malasit P and Warrell DA and Chanthavanich P (1986). 
Production, prevention and mechanism of early 
(anaphylactic) anti-venom reactions in victims of snake 
bites. Br. Med. J. Clin. Res. Ed., 292(6512): 17-20. 

Menez A, Montenary-Garestier T, Fromageot P and 
Helene C (1980). Conformation of two homologous 
neurotoxins, fluorescence and circular dichroism 
studies. Biochemistry, 19: 5202-5208. 

Moran NF, Newman WI, Theakston RD, Warrell DA and 
Wilkinson D (1998). High incidence of early 
anaphylactoid reaction to SAIMR polyvalent snake 
antivenom. Trans R. Soc. Trop. Med. Hyg., 92: 69-70. 

Nawarak J, Sinchaikul S, Wu CY, Liau MY, Phutrakul S 
and Chen ST (2003). Proteomics of snake venoms from 
elapidae and viperidae families by multidimensional 
chromatographic methods. Electrophoresis, 16: 2838-
2854. 

O’Farrell PH (1975). High resolution two-dimensional 
electrophoresis of proteins. J. Bio. Chem., 250: 4007-
4071. 

Ouchterlony O and Nilsson L (1978). Immunodiffusion 
and immunoelectrophoresis. In: Handbook of 
experimental immunology. Oxford, Blackwell, USA, 
pp.19.1–19.44. 

Pini A, Viti F, Santucci A, Carnemolla B, Zadi L, Neri P 
and Neri D (1998). Design and use of phage display 
library: Human anti-bodies with subnanomolar affinity 
against a marker of angiogenesis eluted from a two-
dimensional gel. J. Bio. Chem., 273: 21769-21776. 



Egyptian cobra venom proteome 

Pak. J. Pharm. Sci., Vol.28, No.1, January 2015, pp.59-64 64

Pla D, Gutiérrez JM and Calvete JJ (2012). Second 
generation snake anti-venomics: Comparing 
immunoaffinity and immunodepletion protocols. 
Toxicon., 60: 688-699. 

Redwan E.M. (2002a). Identification of horse antivenom 
reactivity against Egyptian Elapidae venom proteins by 
two-dimensional gel electrophoresis. The Egyptian. 
J.Immunol., 9: 27-32. 

Redwan EL-RM (2002b). Biochemical and 
immunological properties of four intravenous 
immunoglobulin G preparations. Hum Antibody, 11: 
79-84. 

Redwan EL-RM (2006). Comparison between 
therapeutics anti-toxin F (ab)2 fractionated with 
ammonium sulfate and caprylic acid. J. Immunoassay 
and Immunochem., 27: 319-329. 

Redwan EL-RM (2007). Cumulative updating of 
approved biopharmaceuticals. Hum Antibodies, 16: 
137-158. 

Redwan EL-RM (2009b). Animal-derived pharmaceutical 
proteins. J. Immunoassay Immunochem., 30: 262-290. 

Redwan EL-RM, Fahmy A, Hanafy AE, EL-Baky NA, 
and Sallam SMA (2009a). Ovine anti-rabies anti-body 
production and evaluation. Comp. Immunol. Microbiol. 
Infect Dis., 32: 9-19. 

Redwan EL.-RM, Khalil A and EL-Dardiri Z (2005). 
Production and purification of ovine anti-tetanus 
antibody. Comp. Immunol. Microbiol. Infect Dis., 28: 
167-176. 

Redwan EL-RM, Larsen NA, Zhou B, Wirschingm P, 
Jandam KD and Wilson IA (2003). Expression and 
characterization of a humanized cocaine-binding 
antibody. Biotechnol. Bioeng., 82: 612-618. 

Royle L, Roos A, Harvey DJ, Wormald MR, Gijlswijk-
Janssen D, Redwan EL.-RM, Wilson IA, Daha MR, 
Dwek RA and Rudd PM (2003). Secretory IgA N- and 
O-glycans provide a link between the innate and 
adaptive immune systems. J. Biol. Chem., 278: 20140-
153. 

Sells PA, Theakston RD and Warrell DA (1994). 
Development of α-neurotoxin antibodies in patients 
envenomed by monocellate Tha I cobra (Naja kouthia). 
Toxicon., 32: 1667-1671. 

Stein KJ and Helmy IM (1994). Some new distribution 
records for the snakes in Egypt (Squamata: 
Serepentes). Bulletin Maryland Herpetol. Soc., 30: 15-
26. 

Tan N-H and Ponnudurai GA (1992). A comparative study 
of the electrophoretic patterns of snake venoms. Com. 
Biochem. Physiol. B., 102: 103-109. 

Theakston DR and Smith DC (1995). Therapeutic anti-
bodies to snake venom. In: Therapeutic antibodies, 
Landon, J and Chard T (Eds.), Spinger-Verlag, London, 
pp.100. 

Theakston DR and Warrell DA (1991). Anti-venom: A list 
of hyperimmune sera currently available for the 
treatment of envenoming by bites and stings. Toxicon., 
29: 1419-1470. 

 


