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Summary
Toxicities expressed as LD50 values of 2-dialkylaminoalkyl-(dialkylamido)-fluorophosphates for rats and mice (i.m. administration) were 
determined. Rats were more sensitive to these compounds than mice: LD50 values varied from 17 (rats) to 1222 (mice) ^g/kg. LD50 values at 
different routes of administration (i.v., i.m., s.c., p.o. and p.c.) for one derivative of this group, 2-dimethylaminoethyl-(dimethyIamido)- 
fluorophosphate, were determined. Depending on the route of administration, LD50 values varied from 11 (i.v.) to 190 (p.o.) pg/V.g for rats 
and from 27.6 (i.v.) to 222 (p o.)/rg/kg for mice, respectively. Percutaneous toxicity in rats only (LD50 = 1366//g/kg) was determined.
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There exist many compounds comprising high 
toxicity and therefore exhibiting military significance 
for their possible use as chemical weapons (CW) 
(Document 1992). However, organophosphorus 
compounds like sarin, soman and VX are the main part 
of these chemicals. The existence of other classes of 
organophosphorus agents cannot be excluded. 
Therefore any kind of information dealing with highly 
toxic compounds is of importance for the risk 
assessement of their possible conversion into CW. 
Moreover, these types of chemicals could be used as 
model compounds in pharmacology, toxicology, 
neurochemistry etc.

The aim of this article is to describe toxicities 
of some organophosphorus compounds with different 
chemical structure than that observed for the most 
obvious representatives of CW like sarin, soman and 
VX. This new class of organophosphates can be 
described in general as 2-dialkylaminoalkyl- 
(dialkylamido)-fluorophosphates. In their chemical 
formulae (Table 1), the structural similarities with the 
group of so called G-compounds (i.e. sarin, soman) 
and V-compounds (i.e. VX and others) can be 
observed. These chemicals were designated as GV 
compounds. Their toxicities are not known at present.

Female rats (VELAZ Praha) weighing 
180-220 g or mice (VELAZ Praha), weighing 21-27 
g, were used. They were divided into groups with 6 
animals in each. The animals in different groups 
received an i.m. injection of different doses of 
compounds tested (Table 1) and LD50 values were 
determined 2 hours after the injection of the 
organophosphate. In some cases, other routes of 
administration (i.v., s.c., p.o. and p.c.) were used. 
Organophosphates used were obtained from The 
Military Research Institute 070, Brno, 
(Czechoslovakia). The LD50 values were calculated 
according to the probit-logarithmic method. The 
calculations were done on a Hewlett-Packard 
calculator 9830 A.

The toxicities of the compounds studied are 
given in Table 1. It is clear from this Table that rats are 
more sensitive to these compounds than mice. It can 
also be observed that prolongation of the radical on the 
phosphorus head decreases the toxicity. A similar 
situation can be demonstrated for these dialkyl 
substituents on nitrogen. With the prolongation of 
alkyle chains on nitrogen, the toxicity also decreased 
(Table 1). For one compound (GV), the toxicities for 
different routes of administration were examined and
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Table 1
Chemical formulae of the compounds examined

R1 O
\  »

N - P  —  OR3 
/  I

R2 F

Designation R1 R2 R3
LD50 (¿rg/kg) with their 95% confidence limits

Mice Rats

GV Me Me CH2CH2NMe2 30.5 (28-55) 17 (15.5-23.6)

GV 1 Et Et CH2CH2NMe2 191 (180-203) 35.5 (33-38)

GV 2 Me Me CH2CH2NEt2 162 (150-175) 94 (87-101)

GV 3 Et Et CH2CH2NEt2 409 (378-441) 261 (238-286)

GV 4 Me Me CH2CH2NMe2 105 (94-118) 59 (52-67)

GV 5 Et Et CH2CH2NMe2 1222 (1118-1336) 261 (238-286)

are given in Table 2. It can be demonstrated that all 
routes of administration are very effective, including 
percutaneous administration.

If we compare the toxicides of well known 
compounds like G compounds (Clement et al. 1981, 
Bajgar 1991, Kovacevic and Maksimovic 1991) or V 
compounds (Bajgar 1991, Bajgar et al. 1982, Kovacevic 
and Maksimovic 1991), it can be concluded that the 
group of compounds examined is more toxic than G 
compounds and less toxic than V compounds.

Value of LD50 is a basic toxicological 
characteristic for toxic compounds. However, a 
comparison of this parameter is difficult because of 
many factors influencing this value, i.e. temperature 
(Kaliste-Korhonen et al. 1989), age (Shih et al. 1990), 
species (Maxwell and Brecht 1991), time of observation 
of animals (Bajgar 1991, Kaliste-Korhonen et al. 1989, 
Shih et al. 1990) etc.

It can be concluded from the results presented 
that the class of chemicals studied can be considered as 
extremaly toxic, comparable with other known 
chemical warfare agents. It is also clear that there exist 
differences of species sensitivities: in general, rats are

more sensitive than mice. This is in agreement with 
literature data for soman (Clement et al. 1981, 
Kovacevié and Maksimovic 1991, Shih et al. 1990, 
Maxwell and Brecht 1991, Clement 1989, Doctor et al. 
1991, Shapira et al. 1990), sarin ( Kovacevic and 
Maksimovic 1991, Kaliste-Kerhonen et al. 1989) and 
VX (Bajgar et al. 1982, Kovaéeviô and Maksimovic 
1991, Clement 1989, Doctor et al. 1991) toxicitics. Our 
toxicity data on mice (Bajgar 1991, Bajgar et al. 1982, 
Clement et al. 1981, Maxwell and Brecht 1991, Clement
1989, Doctor et al. 1991) or rats (Bajgar 1991, Bajgar et 
al. 1982, Kovacevié and Maksimovic 1991, Shih et al.
1990, Doctor et al. 1991) correspond to similar values
described in the literature. Comparison of toxicities at 
various routes of administration [i.v.(Shapira et al. 
1990), i.p. (Kaliste-Korhonen et al. 1989), i.m. 
(Bajgar 1991, Bajgar cl al. 1982, Shih et al. 1990,Doctor 
et al. 1991), s.c. (Clement et al. 1981, Kovacevic 
andMaksimovic 1991, Maxwell and Brecht 1991)J 
showed the highest toxicity for VX followed by soman 
and sarin, respectively. There is no information dealing 
with toxicity of GV and its derivatives.
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Tabic 2
LD50 values of GV in mice and rats with various routes of administration

LD50 (jug/kg) with their 95 % confidence limits 

Route of administration Mice Rats

i.v. 27.6 (25.6-29.4) 11 (8.5-17.6)

i.m. 30.5 (28-55) 17 (15.5-23.6)

s.c. 32 (29-53) 21 (18-26)

p.o. 222 (194-255) 190 (881-272)

p.c. not tested 1366 (881-3138)

Though this class of compounds is not stable 
-  one compound (GV) is spontaneously isomerized to 
less toxic aziridine derivative (Halamek et al. 1988) -  
its possible use as CW cannot be excluded especially in 
binary form. Preliminary determination of 
anticholinesterase activity (lying in the range of 0.2-0.5 
//g.ml"1) (Halamek et al. 1988) corresponds well to its 
toxicity. It can be pointed out that this class of 
chemicals is not included in the present lists of 
chemicals (Schedules) to be controlled within the scope 
of the future Chemical Weapons Convention 
(Document 1992). Our observations support the 
requirement for further toxicological study of this 
group, especially in the light of inhibition of
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cholinesterase activity in vitro and in vivo and 
therapeutic possibilities: with regard to the chemical 
structure, it cannot be excluded that the therapeutic 
efficacy of the usual antidotes (atropine and 
reactivator) will be very limited. This could be caused 
by the character of cholinesterase inhibition by GV as 
was demonstrated by our previous results (Bajgar 
1992).
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