
Introduction

Currently used antidotes against nerve agent intoxi-
cations consist of anticholinergics (atropine mainly) and
acetylcholinesterase (AChE; EC 3.1.1.7) reactivators (pra-
lidoxime, obidoxime and HI-6) (4). Unfortunately, abilities
of these antidotes are limited. For example, soman inhibi-
ted AChE is after several minutes not treatable due to the
aging (dealkylation) (5,6). Also AChE inhibited by tabun
and cyclosarin is difficult to reactivate due to the lone elec-
tron pair at the amide group (tabun) or presence of bulky
cyclohexyl group (cyclosarin), respectively (1,7) Currently
the most promising AChE reactivator – oxime HI-6 – is not
able to reactivate tabun or pesticide-inhibited AChE (1,14).

Due to this fact, many laboratories throughout the
world are interested in the synthesis of new AChE reacti-
vators with better reactivation potency (2,8,9–15). There
were synthesized new reactivators differing in the number
of quaternary pyridinium rings, in the length of the conne-
ction chain between pyridinium rings, presence of other
heteroarenium rings, using of different functional groups or
in the presence and position of oxime groups. There are
also several works aimed to elucidate the relationship bet-
ween structure of AChE reactivators and their biological
activities (3,10).

Unfortunately, till today, there was not synthesized one
broad-spectrum AChE reactivator able to satisfactorily re-
activate AChE inhibited by all kinds of nerve agents (broad

spectrum reactivator) (4,10). In 2005, we have prepared
new group of potential AChE reactivators with oxime groups
in position four at the pyridinium rings. According to our
former results, pKa of some of these reactivators were pro-
mising and comparable with currently available oximes
(13).

In this work, we wanted to test if also reactivation po-
tency of newly developed oxime is promising as their pKa.
For this purpose, in vitro reactivation potency of nine new
potential AChE reactivators was tested. Their reactivation
potency was compared with currently available oximes (pra-
lidoxime, obidoxime, trimedoxime, HI-6 and BI-6). Cyclo-
sarin was used as the appropriate member of the nerve agent
family.

Material and Methods

All tested AChE reactivators were synthesized earlier at
our department (13). Their purities were tested by 1H-
NMR (Varian Gemini 300; 300 MHz) and TLC using DC-
Alufolien Cellulose F (Merck, Germany) and elution
BuOH-CH3COOH-H2O 5 : 1 : 2, detection by solution of
Dragendorf’s agent (solution containing 10 ml CH3COOH,
50 ml H2O and 5 ml of basic solution prepared by mixing
of two fractions – fraction I.: 0.85 g Bi(NO3)3, 40 ml H2O,
10 ml CH3COOH; fraction II.: 8 g KI, 20 ml H2O). Nerve
agent cyclosarin (O-cyclohexylmethylfluorophosphonate)
was obtained from the Military Technical Institute (Brno,
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Czech Republic) and was of 95% purity. All other chemi-
cals used in this experiment were purchased from Fluka
and Aldrich (Czech Republic) and used without further pu-
rification.

In vitro testing of reactivators involved a standard col-
lection of experimental procedures. The whole method is in
detail described in the work of Kuca and Cabal (10). Their
efficacy was evaluated in 10% rat brain homogenate that
was incubated with cyclosarin for 30 minutes and then, the
tested oxime of appropriate concentration (10-4 and 10-2 M)
was added for 10 minutes. Afterwards, the activity of brain
AChE was determined using potentiostatic method with
the use of automatic titrator RTS 822 (Radiometer, Den-

mark). The data about initial rate of enzyme reaction with
substrate were transformed to the percentage of increase in
the activity of reactivated enzyme in the reaction mixture.

Results and Discussion

All results obtained are shown in Table 1. As it can be
clearly seen, all newly developed reactivators were not able
to reactivate cyclosarin-inhibited AChE. Also three oximes
used for comparison were poor reactivators. Only two oxi-
mes (HI-6 and BI-6) were potent reactivators of cyclosarin-
inhibited AChE. Moreover, these oximes seem to be very
promising because of their sufficient reactivation potency
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No Name Structures Reacti- Reacti- No Name Structures Reacti- Reacti-
vation vation vation vation 

potency potency potency potency
[%]* [%]# [%]* [%]#

1 Pralidoxime 4 0 8 K119 0 0

2 Obidoxime 4 2 9 K121 0 0

3 Trimedoxime 0 0 10 K122 1 0

4 HI-6 52 28 11 K123 0 0

5 BI-6 57 60 12 K124 0 0

6 4–PAM 0 0 13 K125 0 0

7 K120 0 0 14 K126 0 0

* concentration of tested reactivators 0.001 M; # concentration of tested reactivators 0.00001 M
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Tab. 1: Structures and reactivation activity of tested AChE reactivators.



at lower concentration (10-5 M). If both oximes are compa-
red, BI-6 seems to be the best reactivator tested in this
work.

As described in introduction, searching for new broad-
spectrum reactivators still continues. Synthesis of many
AChE reactivators of different chemical structures demon-
strates this fact (2,8,9–15). Unfortunately, till today, there
exists no single reactivator able to satisfactory reactivate
AChE inhibited by all kinds of nerve agents (4,9).

According to our results, unfortunately, none of the new-
ly developed reactivators was able to reactivate cyclosarin-
inhibited AChE. From the oximes tested as compounds for
comparison, only two oximes (HI-6 and BI-6) were potent
reactivators of cyclosarin-inhibited AChE. Trimedoxime,
obidoxime, pralidoxime and 4–PAM were poor reactivators
of cyclosarin inhibited AChE. Obtained results confirm
that bisquaternary oximes (BI-6 and HI-6) are more potent
reactivators compared to monoquaternary ones (pralidoxi-
me, 4–PAM, K119–K126) (9). Moreover, it is clear from
the results that reactivators with oxime group at the posi-
tion two are the most potent reactivators of cyclosarin-inhi-
bited AChE. These results are in good agreement with our
previous results (9,11).

Main reason for the insufficient reactivation potency of
novel reactivators seems to be the presence of the oxime
group in position four, which is considered to be favourab-
le in the case of tabun and pesticide inhibitions (1). Due to
this fact, in former studies, the whole serie of new oximes
should to be tested in this manner.

Thanks to our present knowledge of structural require-
ments of AChE reactivators, at this place, we could predict
structure of probably the most promising AChE reactiva-
tors, which should be synthesized in future. This reactivator
should be bisquaternary compound having in its structure
two oxime groups both at separate pyridinium rings. Posi-
tion of the oxime group should be two at the first pyridini-
um ring and four at the second pyridinium ring. Ideal length
of the connection chain should be three or four membered.

Conclusion

Unfortunately, none from the newly developed mono-
quaternary pyridinium oximes was able to reactivate cyclo-
sarin-inhibited AChE. As shown from the results, bisqua-
ternary AChE reactivators seem to be more potent oximes
compared to monoquaternary ones. However, also obidoxi-

me and trimedoxime did not reach good reactivation re-
sults. Only oximes HI-6 and BI-6 achieved sufficient reactiva-
tion potency. From the results obtained, it can be conluded,
that only bisquaternary reactivators with oxime group in po-
sition two are able to reactivate cyclosarin-inhibited AChE.
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