
Z. Ern&hrungswiss. 19, 266-271 (1980) 
�9 1980 Dr. Dietrich Steinkopff Verlag, Darmstadt 
ISSN 0044-264 X 

The Egyptian Organization for Biological and Vaccine Production, Agouza, Cairo 

C o m p a r a t i v e  s tud ies  on  E g y p t i a n  e lap id  v e n o m s  1) 

F. Hassan and S. Seddik 

With 3 figures and 2 tables 

(Received July 3 I, 1980) 

A m o n g  a g rea t  n u m b e r  of v e n o m o u s  snakes ,  t he  m e m b e r s  of t he  f a m i l y  
E l a p i d a e  are  d i s t r i b u t e d  all  ove r  t he  w o r l d  e x c e p t  i n  E u r o p e .  I t s  m a i n  
g e n u s  Na ja  is also w i d e l y  d i s t r i b u t e d ,  i t  r a n g e s  f r o m  J a p a n ,  F o r m o s a ,  
Ch ina ,  S o u t h  E a s t  Asia,  to Ind i a ,  C e n t r a l  Asia,  S i b e r i a  a n d  I ran .  I n  Afr ica ,  
it  is f o u n d  i n  t he  Nor th ,  C e n t r a l  a n d  Eas t  pa r t s  of the  c o n t i n e n t .  I t  has  b e e n  
s h o w n  b y  a n u m b e r  of i n v e s t i g a t o r s  t h a t  t he  c h e m i c a l  p r o p e r t i e s  of 
v e n o m s  can  be  u s e d  as a n  i n d e x  for  t a x o n o m y  a n d  p h y l o g e n e t i c  r e l a t ion -  
sh ip  (1-3). 

I t  is t he re fo re  of i n t e r e s t  to i n v e s t i g a t e  a n d  c o m p a r e  the  le thal ,  b io-  
c h e m i c a l  a n d  i m m u n o l o g i c a l  p r o p e r t i e s  of m o r p h o l o g i c a l l y  s i m i l a r  s n a k e s  
( E g y p t i a n  e lapids)  ye t  g e o g r a p h i c a l l y  sepa ra t ed .  Also  deg ree  of neu t r a l i za -  
t i o n  of a n t i  Na ja  ha je  of the  De l t a  t y p e  (Nh) a g a i n s t  al l  t y p e s  of E g y p t i a n  
e lap ids ,  Na ja  ha je  of the  W e s t e r n  D e s e r t  (Nm), Na ja  ha je  of the  Ni le  De l t a  
(Nh), Na ja  n ig r ico l l i s  of U p p e r  E g y p t  (Ng) a n d  W a l t e r i n n e s i a  a e g y p t i a  (W) 
f r o m  S i n a i  Deser t .  

Mater ia l  and m e t h o d s  

Snakes were collected from their native localities and captured in our Agouza 
Serpentarium. Snakes of the same species were milked and venoms separately 
dried at 25~ under  reduced pressure. Univalent  anti Naja haje (ACS) is raised in 
horses as a routine in our Institute. 

Lethality of venoms was determined by intravenous injection of albino Swiss 
mice (16-18 mg) using 5--6 serial doses each injected into six animals. Results are 
recorded after 24 hrs and the LD50 expressed as ~g/mouse were calculated accord- 
ing to methods of Dragstedt and f a n g  (6) and Behrens (1). 

Neutralization tests were performed by intravenous injection of mixing different 
doses of venom and 0.25 ml of antivenin. Control tests with pure venom were 
carried out. Four  albino Swiss mice (weighing 16-18 g) were used at each level dose, 
and number  of survivors at 24 hrs was observed. 

A 5 % venom solution in saline was used in the following tests: 
Cellulose acetate electrophoresis was carried out by a Beckman microzone 

model R-101 at a current  of 3.5-5.8 A and a voltage of 250 for 20 rain. Results were 
registered by a Beckman analytrol Model R-110. 

Antigen-antibody studies were performed by Ouehterlony(16) immunodiffusion 
technique. Immunoelectrophoresis  was carried out as modified by Schiedegger(17) 
at 130 V for 2.5 hrs. 

1) This research is sponsored by O.N.R contract No. 0014-73--C-0508. 
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Results and discussion 

T a b l e  1 s h o w s  t h e  LDs0 of  t h e  4 v e n o m s  u n d e r  i n v e s t i g a t i o n .  I t  is  c l e a r  
t h a t  t h e  m o s t  p o t e n t  v e n o m  is t h e  D e l t a  N a j a  ha je .  A l s o  i t s  a n t i s e r u m  is 
m o s t  e f f e c t i v e  t o w a r d s  i t s  h o m o l o g o u s  v e n o m  (1 m l  n e u t r a l i z e s  631 LDs0) 
a n d  l e a s t  e f f e c t i v e  t o w a r d s  N a j a  n i g r i c o l l i s  v e n o m .  

Table 1. Effectiveness of a univalent  anti-naja-haje serum (Delta Nh) in neutraliza- 
t ion of Egypt ian  elapid venoms. 

Venom LDs0 
~g/mouse 

Neutralization capaci ty  of 
1 ml of univalent  ant iserum 
mg venom LDs0 

Naja haje (Delta) (Nh) 1.9-2.00 
Naja haje (Western desert) 
juvenile (Nmj) 40.0 
Naja haje (Western desert) 
Mature (Nm) 8.0 
Naja nigricollis (Ng) 6.0 
Walterinnesia aegyptia  (W) 13.0 

1.2 600 

0.50 62 
0.25 40 
1.10 85 

C e l l u l o s e  a c e t a t e  e l e c t r o p h o r e s i s  r e s u l t s  ( t ab l e  2, f igs.  1 a n d  2) s h o w e d  
t h e  d i f f e r e n t  l o c a l i z e d  p r o t e i n  c o m p o n e n t s  in  t h e  t e s t e d  v e n o m s .  N a j a  h a j e  
(Nh) s h o w e d  7--8 p r o t e i n  f r a c t i o n s ,  6 m i g r a t i n g  to  t h e  c a t h o d e  a n d  1-2 
f r a c t i o n s  t o w a r d s  t h e  a n o d e .  T h e  m o s t  c o n c e n t r a t e d  f r a c t i o n  w a s  t h e  m o s t  
c a t i o n i c  c o m p o n e n t ,  a n d  i t  a m o u n t e d  to  38.2% of  t h e  w h o l e  v e n o m .  

T h e  W e s t e r n  D e s e r t  N a j a  h a j e  (Nm)  s h o w e d  s i m i l a r  m i g r a t i n g  f r a c t i ons ,  
b u t  w i t h  m o r e  p r o t e i n  c o n c e n t r a t i o n  in  c a t i o n i c  f r a c t i o n s  2 a n d  3 (59.2 %), 
w h i l e  in  c o n t r a s t  to  (Nh) t h e  m o s t  c a t i o n i c  f r a c t i o n  is t h e  l e a s t  c o n c e n t r a t -  
e d  (14.07 %). 

Table 2. Cellulose acetate fractions in elapid venoms. 

Venom Dry venom 
5% total prote in  
sol- mean___ S. D. 
ut ion gm % 

% of protein in electrophoret ic  fractions 

A 2 A 1 O C 1 C2 C3 C4 C5 C6 

N.mj 80.2 + 3.6 
N.m 88.5 + 5.9 
N.h 92.0 + 4.42 
N.g 96.0 + 2.14 
W 90.0 + 2.75 

5.5 8.00 10.0 20.0 46.0 3.5 
2.5 6.00 12.8 17.06 42.26 5.31 
3.6 5.7 11.4 20.5 4.9 12.3 3.27 
6.6 8.8 7.0 5.6 9.5 13.5 46.5 2.50 

33.57 23.92 13.07 12.86 6.72 9.86 

7.00 
14.07 
38.20 

A: anodic 
O: non-movable 
C: cathodic 
Nmj: Naja haje Western desert  (juvenile) 
Nm: Naja haje Western desert  (mature) 
Nh: Naja haje (Delta) 
Ng: Naja nigricollis 
W: Walterinnesia aegyptia  
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Fig. 1. Cellulose-acetate electrophoresis  of Normal  serum (Ns), (2) Naja haje Western 
Desert  juvenile (Nmj), (3) Naja haje (Nh), (4) Naja haje Western Desert  (Nm), (5) 

Normal serum (Ns), (6) Naja nigricollis (Ng), (7) Walternesia aegyptia  (W). 

Fig. 2. Immunodif fus ion of venoms; Naja haje Delta (Nh), Naja nigricollis (Ng), 
Walternnesia aegyptia  (W), and Naja haje of Western Desert  (Nm), against  anti  Naja 

haje serum (ACS) in central well. 
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Of interest  in the juvenile Western Desert  cobra  (Nmj), the concentra-  
tion of fractions 3 and 4 are maximal,  and they  grow less on matura t ion  of 
the snake. On the other  hand, W. aegypt ia  showed  7 protein fractions, 2 
towards  the anode, the fastest of which  is the mos t  concent ra ted  fraction 
in the v e n o m  (33.57 %), the other  5 fractions were all cathodic.  The N. 
nigricollis showed less migrat ing cathodic  fractions, 3-4 only; in addit ion 
to 2-3 more  concent ra ted  anodic  fractions. It lacked the fast cathodic  
fraction of the Delta cobra. 

Immunod i f fus ion  results of different elapid venoms  against  the anti- 
se rum Naja haje showed  4-5 and 6-7 precipit in bands  being shared be- 
tween Naja haje (Nh) and the venoms  of W. aegypt ia  and N. nigricollis, 
respectively. 

The two mature  Naja haje venoms  of Delta and Western Desert  (Nm) 
showed almost  similar, but  not  identical patterns.  They  differed again in 
the concent ra t ion  of some  of the shared precipit in lines (fig. 2). 

Moreover, pat terns  of an t igen-ant ibody react ion were fur ther  resolved 
by  immunoelec t rophores is ,  thus  conf i rming both  cellulose acetate and 
immunodi f fus ion  results in adult  and juvenile cobras (fig. 3, a & b). 

Elect rophoret ic  s tudies revealed the individual  protein levels in Egyp-  
tian elapids. Almost  all v e n o m  componen t s  migra ted  to the ca thode  as 
expec ted  for true elapids ( G r a s s m a n  and H a n n i n g  (7)). However,  remark-  
able differences in migra t ion or concent ra t ion  of some protein fractions 
were observed even within  the same species (Naja) as reported by Tu and 
G a n t h a v o r n  (19), B e r t k e  et al. (2), work ing  on Asian cobras. Also the 
e lectrophoret ic  analysis helped in ident i fying the mos t  cationic neuro- 

Fig. 3. Immunoelectrophoresis of adult Naja haje Delta (Nh), Naja haje Western 
Desert and Naja haje juvenile of Western Desert (Nmj) against specific serum of anti 

N.h. 
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t o x i c  f r a c t i o n  (C6) in  t h e  E g y p t i a n  D e l t a  c o b r a  (Nh),  r e p o r t e d  b y  lo t s  of 
w o r k e r s  (3, 5, 11-14). I n  a d d i t i o n ,  t h e  e l e c t r o p h o r e t i c  r e s u l t s  c o n f i r m e d  
r o u g h l y  t h e  t e s t  of  m a g n i t u d e  of  l e t h a l i t y  of t h e  N a j a  h a j e  v e n o m s  as  t h e  
l a t t e r  c o u l d  b e  p r o p o r t i o n a l  to  t h e  c o n c e n t r a t i o n  of  (C6) f r ac t i on .  T h i s  w a s  
n o t i c e d  in  t h e  j u v e n i l e  s a m p l e s  of  t h e  W e s t e r n  D e s e r t  c o b r a  w h e r e  (C6) 
f r a c t i o n  w a s  n e g l i g i b l e  a n d  a c c o r d i n g l y  i t s  t o x i c i t y  w a s  m i n i m a l .  

T h e  n e u t r a l i z a t i o n  c a p a c i t y  of  t h e  an t i  N a j a  h a j e  (ACS)  s e r u m  s h o w e d  
i t s  e f f e c t i v e n e s s  t o w a r d s  i ts  h o m o l o g o u s  v e n o m  as  w e l l  as  t h e  v e n o m  of  W. 
a e g y p t i a  a n d  i t s  m o d e r a t e  e f f ec t  t o w a r d s  W e s t e r n  D e s e r t  N a j a  h a j e  (Nm)  
v e n o m .  I t  w a s  l e a s t  e f f e c t i v e  t o w a r d s  N a j a  n i g r i c o l l i s  v e n o m .  T h i s  is  
p a r a l l e l  to  a s i m i l a r  f i n d i n g  r e p o r t e d  b y  M o h a m e d  et  al. (15) a n d  m a y  b e  
d u e  to  d i f f e r e n t  l e t h a l  m e c h a n i s m  i n c l u d e d  in  N a j a  n i g r i c o l l i s  v e n o m  as  
s u g g e s t e d  b y  B o u q u e t  et  al. (4). 

A l t h o u g h  i m m u n o d i f f u s i o n  a n d  i m m u n o e l e c t r o p h o r e s i s  t e c h n i q u e s  
s h o w e d  g r e a t  s i m i l a r i t i e s  b e t w e e n  t h e  a n t i g e n i c  s t r u c t u r e  of t h e  E g y p t i a n  
e l a p i d  v e n o m s ,  y e t  n e u t r a l i z a t i o n  t e s t  c o u l d  n o t  a l w a y s  c o r r e l a t e  w i t h  s u c h  
d a t a  as  r e p o r t e d  b y  K e e g a n  et  al. (10), H a s s a n  a n d  E1 H a w a r y  (8). T h i s  
s t u d y  m a y  l e a d  to  t h e  n e c e s s i t y  of  p r e p a r i n g  r e g i o n a l  t y p e s  of  a n t i s e r a  as  
r e p o r t e d  b y  J l m e n e z  P o r r a s  (9). H o w e v e r ,  t h e s e  r e s u l t s  s u p p o r t  t h e  i d e a  
t h a t  b i o c h e m i c a l  d i f f e r e n c e s  d u e  to  g e o g r a p h i c a l  d i s t r i b u t i o n  m i g h t  
c h a n g e  t h e  p o t e n c y  o r  m e c h a n i s m  of  a c t i o n  of  s o m e  v e n o m s  of  t h e  s a m e  
s p e c i e s .  

S u m m a r y  

The immunological  propert ies  of Naja haje from Western Desert, Naja hajeof  the 
Nile Delta, Naja nigrlco111s from Upper  Egypt  and Walternnesia aegyptia  from Sinai  
Desert  were compared  using horse serum antivenin prepared from the Delta Naja 
haje venom. All elapid venoms showed very similar precipi t in  lines with immuno-  
diffusion or immunoelect rophores is  on agar  gel. Results  of cellulose-acetate elec- 
t rophoresis  showed either different  concentrat ion of certain similar protein compo- 
nents  or the absence of some major  protein fractions. However,  different migrat ion 
and localization of protein components  were observed. LDs0 of the  4 elapids and 
their  degree of lethali ty was determined.  Naja haje (Delta) ant ivenin had different  
degree of neutralization capaci ty  on the invest igated elapid venoms. No correlation 
between immunodif fus ion similarit ies and the degree of neutral izat ion could be 
deducted.  
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