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The gangliosides of ra t s  differ f rom those of rabbits in their lower content of the G 3 fract ion,  
the principal  disialoganglioside, and by their proport ionately higher content of the G 2 and 
G2a f ract ions ,  two other disialogangliosides.  During poisoning by an organophosphorus cho- 

l inesterase  inhibitor the content of gangliosides in the ra t  brain is unchanged, but in the rab-  
bit brain it falls by 15%. No change takes place in the composition of the ganglioside f rac -  
tions. 

Poisoning by organophosphorus chol inesterase inhibitors (OCI), which disturb the mechanism of syn- 
optic t ransmiss ion  of excitation [7], is accompanied by a marked decrease  in the ganglioside content in the 
rabbit  brain [5]. 

Since the gangliosides are  a mixture of severa l  components differing in the s t ructure  of the carbohy- 
drate part  of their molecule and by the number of N-acetylneuraminic  acid (N-ANA) res idues ,  the investi-  
gation descr ibed below was car r ied  out to study the relationship between fract ions of mono-,  di, and t r i -  
sialogangliosides in the brain of rabbits and rats  by the method of th in- layer  chromatography,  and to study 
the effect of OCI on the composition of the ganglioside fractions.  

E X P E R I M E N T A L  M E T H O D  

Experiments  were ca r r i ed  out on male rabbits weighing 2.5 kg receiving an in t ramuscular  injection 
of the OCI GA-,3 (O-N-butyl-S--N-butyImethylthiophosphonate), synthesized by Godovikov and Abduvakhabov 
[1], in a dose of 10 mg/kg  body weight.  Analogous experiments  were car r ied  out on male albino rats  weigh- 
ing 250 g, receiving GA-3 in a dose of 5 mg/kg,  

Lipids were extracted f rom a homogenate of the whole brain by the method of Folch et al. [8], fol-  
lowed by re -ex t rac t ion  by Suzuki's method [12]. Gangliosides were separated f rom the lipid extract  by 
washing with 0.75% KC1 solution. The upper aqueous phase containing gangliosides was purified by dialy- 
sis,  and after its N-ANA content had been determined [14], it was lyophilized. The result ing residue was 
dissolved in 6-8 ml of a 1 : 1 mixture of chloroform and methanol, filtered to remove undissolved sub- 
s tances,  and evaporated to dryness  at 50~ in a current  of air.  The residue of gangliosides was dissolved 
in 0.3-0.5 ml of 1 : 1 chloroform and methanol mixture and kept at 2-4~ 

The chromatographic  fractionation of the gangliosides in a thin layer  of KSK sil icagel,  with part icle 
size 10-20 #, was car r ied  out on plates measur ing  6 • 18 cm 2 by Avrova ' s  method [2] in a solvent sys tem 
of CHC13 : CH3OH:H20:NH 3 ( 6 0 : 3 5 : 8 : 1 )  for 50-60 min. The plates were developed with iodine vapor,  iden- 
tical f ract ions f rom three plates were combined, and the N-ANA content was determined in each fract ion 
by the color react ion with r e so rc in  without pre l iminary  elution of the gangliosides [13]. 

The sphyngosine content in each fraction was determined by the method of Lauter  and Trams  [10] 
after elution of the si l icagel with 30 ml CHCI 3 : CH3OH (1 : 1) and 10 ml CH3OH. 
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Rat  Rab-1  R a b - 2  

Fig. i. Chromatogram of gangliosides 
from brain of normal rat, normal rab- 
bit (Rab-1), and rabbit poisoned with 
OCI (Rab-2). Nomenclature of Korey 
and Gonatas [9]. 

EXPERIMENTAL RESULTS AND DISCUSSION 

The rabbits developed definite toxic manifestations 7-10 
rain after receiving the lethal dose of OCh salivation, tremor. 

dyspnea, fibrillation of skeletal muscles, and convulsions lasting 
30-40 rain. The ganglioside content in the whole brain of the 
rabbits poisoned with GA-3 was reduced from 7.5 • 16 (M • m) 

to 606• #g NaANA/g, tissue (P < 0.05), i.e., by 15~o. 

In analogous experiments on rats, administration of OCI 
(the compound GA-3) did not induce convulsions and the total ganglio- 
side content in the brainwas unchanged (normal 712• 31, after in- 
jection of GA-3 724 • 37 #g N-ANA/g). This confirms the previous 
conclusionthat the ganglio side content inthe brain is reduced during 

OCI poisoning only if the complete inhibition of cholinesterase 
is accompanied by severe convulsions [5]. Marked species dif- 
ferences in the response of animals to OCI poisoning have also 
been found by Dvorkin et al. [3]. OCI poisoning was found to 
cause marked hypothermia and to reduce the intensity of phos- 
pholipid metabolism in the brain in mice, but it had no such ac- 
tion on rats. Consequently, species differences in the reaction 
of the central nervous system to OCI poisoning consist not only 
of the development of symptoms of poisoning, but also of differ- 
ent effects on brain lipid metabolism. 

By means of thin-layer chromatography, the total ganglio- 
sides were separated into 9-10 fractions (Fig. i) which were de- 
scribed by the nomenclature of Korey and Gonatas [9]. 

The results (Table I) demonstrate that the 3 most mobile 
fractions (Go, , Go, and Gi) are trisialogangliosideso Next fol- 
lowed 3 fractions of disialogangliosides and 2 fractions of mono- 
sialgogangliosides. Because of their low content of N-ANA, the 

most mobile fractions G~ and G 7 can be regarded as asialogangliosides with monosialogangliosides as im- 
purities. The structure of all these and of some other ganglioside s has been discussed in detail in a survey 
by Leeden [11] and illustrated by appropriate formulas. 

The various fractions are unequally represented quantitatively in the brain (Table 2). About 90~ of 
the total N-ANA was contained in 5 fractions (GI, G2, G2a , G3, and G4), so that these can be regarded as the 

"chief" gangliosides of the rabbit brain. The remaining fractions (Go, , Go, Gs, G6, and GT) were present in 

such small quantities that the term "minor" gangliosides has been attached to them [11]. 

Comparison of the spectra of gangliosides in the control rabbits and rabbits poisonedwithOCIshowed 
no significant difference in the relative proportions of the fractions. This means that the OCI had no selec- 
tive action on particular fractions of gangliosides but reduced their total content in the brain uniformly. 
Gangliosides from the rat brain were separated into 9-10 fractions identical in their mobility and N-ANA 
content with rabbit gangliosides. However, in rats the G 3 fraction (the "major" disialoganglioside) was 
present in much smaller amounts than in rabbits, and the amounts of the fractions G 2 and G2a were corre- 

spondingly increased. This similarity between the qualitative and quantitative composition of the ganglio- 
side spectra of the brain has also been found [15] in animals belonging to phylogenetically more distant 
species of warm-blooded animals. This fact supports the suggestion made by Kreps [4] that the chemical 
organization of nerve cell membranes in higher animals is based on a single common plan, produced at a par- 
ticular stage of evolution and consolidated during the subsequent development of the animal world and the 
increasing complexity of its central nervous system. 

In poisoning with a lethal dose of GA-3 the relative proportions of the ganglioside fractions were not 
significantly changed either in the rats or in the rabbits (Table 2). The same constancy of fractional com- 
position of gangliosides during acute hypoxia was described previously by Romanova and Tumanova [6]. 
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TABLE 1. 
of Gangliosides from Rabbit Brain (in nmoles) 

Test 
substance 

N-ANA 
Sphyngosine 

N-ANA 
Sphyngosine 

D i s t r i bu t i on  of N-ANA and Sphyngosine a mong  F r a c t i o n s  

Go'"~Go [ O1 

29,o9,2 
3,15:1 2,95:1 

o,I 
78,0 
40,2 

,95:1 

Fraction of gangliosides 
G2a Gs 0, 

71,5 174,0 91,0 
37,0 93,0 89,0 

1,93:1 1,87:1 1,02:1 

I1,3 
10,6 

0,94:1 

Trisialoganglio- 
sides 

Disialogangliosides 

O~+Q, 

3,9 
8,0 

0,49:1 

Monosialogang liosides 

TABLE 2. D i s t r i b u t i o n  of N-ANA among  F r a c t i o n s  of Gang l ios ides  
in Rabb i t  and Rat  B r a i n  unde r  Norma l  Condi t ions  and in GA-3 
P o i s o n i n g  (percen t  of to ta l  N-ANA) 

Percent of N-ANA among fractions (M2m) 
rab bits rats Fraction Gangliosides 

control (6) [ GA-3 (5) control (4) [ GA-3 (4) 

G0'-[-G o Trisialogangliosid es 5,5• 5,2i0,3 4,2-1-0,47 6,7+0,95 
G1 21,34-1,4 19,3~- 1,4 21,64-0,65 18,74-1,30 

G~ Disialogangliosides 12,34-0,6  12,54-1,1 16,3• 14,84-0,80 
G2a 9,84-1,1 10,84-0,7 12,84-1,14 12,84-0,50 
G8 31,1 4-1,5 32,64:0,9 25,44-1,20 28,84-1,50 

G 4 Monosialogangliosides 14,3+0,7 14,64-1,5 14,1 4-1,40 14,44-1,60 
G~ 2.94-0,4 3,34-0,6 2,64-0,80 2,8=t=0,70 

G6-]-G 7 2,7~=0,8 1,610,7 2,84-1,05 1,64-0,26 

Note.  N u m b e r s  in p a r e n t h e s e s  show n u m b e r  of a n i m a l s  tested~ 

Main tenance  of the cons t ancy  of the f r a c t i o n a l  s p e c t r u m  of gang l ios ides  located in n e r v e  ce l l  m e m -  
b r a n e s  is ev iden t ly  a phys io log i ca l  n e c e s s i t y  for  m a i n t e n a n c e  of the func t ions  of the c e n t r a l  n e r v o u s  s y s -  
t em du r ing  e x p o s u r e  to powerfu l  e x t e r n a l  i n f luences .  
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