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In this work, the ability of four newly synthesized oximes – K005 (1,3-bis(2-hydroxyiminomethylpyridinium) pro-
pane dibromide), K027 (1-(4-hydroxyiminomethylpyridinium)-3-(4-carbamoylpyridinium) propane dibromide), K033 
(1,4-bis(2-hydroxyiminomethylpyridinium) butane dibromide) and K048 (1-(4-hydroxyiminomethylpyridinium)-4-(4-
carbamoylpyridinium) butane dibromide) to reactivate acetylcholinesterase (AChE, EC 3.1.1.7) inhibited by nerve 
agents is summarized. Reactivation potency of these compouds was tested using standard in vitro reactivation test. 
Tabun, sarin, cyclosarin and VX agent were used as appropriate testing nerve agents. Rat brain AChE was used as a 
source of the enzyme. Efficacies of new reactivators to reactivate tabun-, sarin-, cyclosarin- and VX-inhibited AChE 
were compared with the currently used AChE reactivators (pralidoxime, obidoxime and HI-6).

Oxime K048 seems to be promising reactivator of tabun-inhibited AChE. Its reactivation potency is significantly 
higher than that of HI-6 and pralidoxime and comparable with the potency of obidoxime. The best reactivator of 
sarin-inhibited AChE seems to be oxime HI-6. None of the new AChE reactivators reached comparable reactivation 
potency. The same results were obtained for cyclosarin-inhibited AChE. However, oxime K033 is also potent reactiva-
tor of AChE inhibited by this nerve agent. In the case of VX inhibition, obidoxime and new oximes K027 and K048 
seem to be the best AChE reactivators.

None from the currently tested AChE reactivators is able to reactivate AChE inhibited by all nerve agents used 
and, therefore, the search for new potential broad spectrum AChE reactivators is needed.

INTRODUCTION

Organophosphate (OP) compounds are broadly used 
in the industry, veterinary and human medicine, in the 
agriculture or can be misused for military purposes1. 
There are many intoxications due to their broad use 
over the world2, 3. Nerve agents such as sarin (GB; 
O-isopropylmethylfluorophosphonate) soman (GD; 
O-pinacolylmethylfluorophosphonate), cyclosarin 
(GF; O-cyclohexylmethylfluorophosphonate), tabun (GA; 
O-ethyldimethylamidocyanophosphate) and VX agent 
(O-ethyl-S-(2-diisopropylaminoethyl)-methylthiophospho-
nate) represent extremely toxic OPs4. The threat of the 
intoxication with OPs, especially with the nerve agents, 
is relatively high5, 6.

OPs inhibit enzyme acetylcholinesterase (AChE, EC 
3.1.1.7) via its phosphorylation or phosphonylation at the 
serine hydroxy group in its active site. Afterwards, AChE 
is not able to serve its physiological function and intoxi-
cated organism can die due to acute cholinergic crisis7.

The current standard treatment for poisoning with 
highly toxic OPs usually consists of the combined admin-
istration of anticholinergic drugs (preferably atropine) 
and AChE reactivators (called “oximes”). Anticholinergic 
drugs block effects of accumulated acetylcholine at nico-
tinic and muscarinic receptor sites, while oximes repair 
physiological lesions of nerve agents-inhibited AChE by 
restoring its activity8, 9.

Pralidoxime (2-PAM; 2-hydroxyiminomethyl-1-
methyl pyridinium chloride), obidoxime (Toxogonin®; 
1,3-bis(4-hydroxyiminomethylpyridinium)-2-oxa-propane 
dichloride) and H-oxime HI-6 (1-(2-hydroxyiminometh-
ylpyridinium)-3-(4-carbamoylpyridinium)–2-oxa-propane 
dichloride) are considered to be the most important 
AChE reactivators (Fig. 1)10. These reactivators are char-
acterised by the presence of several structural features: 
functional oxime group, quaternary nitrogen group and 
different length of linking chain between two pyridinium 
rings in the case of bispyridinium reactivators11–12.

Unfortunately, none of the currently used oximes is suf-
ficiently effective against all nerve agents known. They are 
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not able to reactivate nerve agent-inhibited AChE regard-
less of the type of nerve agent used. While pralidoxime 
and obidoxime have very low potency to reactivate soman 
and cyclosarin-inhibited AChE, the oxime HI-6 seems to 
be practically ineffective to reactivate tabun-inhibited 
AChE10, 13. Therefore, to find another bispyridinium ox-
ime able to sufficiently reactivate nerve agent-inhibited 
AChE regardless of the type of nerve agent is still very 
important task for medicine with the aim to improve the 
efficacy of antidotal treatment of acute poisonings with 
nerve agents.

During the last years, four new potential reactivators 
(K005, K027, K033 and K048) of AChE inhibited by 
nerve agents were developed at our department (Fig. 1). 
We tested their ability to reactivate AChE inhibited by 
nerve agents. Tabun, sarin, cyclosarin and VX were used 
as typical representatives of nerve agents. All the kinetic 
measurements were done in vitro using AChE of the rat 
brain homogenate as the appropriate source of the en-
zyme. In this study, there are summarized all our in vitro 
results obtained within the last years.

MATERIAL AND METHODS

Chemistry
The newly synthesized oximes were designated as 

K005 (1,3-bis(2-hydroxyiminomethylpyridinium) propane 
dibromide), K027 (1-(4-hydroxyiminomethyl pyridinium)-
3-(4-carbamoylpyridinium) propane dibromide), K033 
(1,4-bis(2-hydroxyiminomethylpyridinium) butane dibro-
mide) and K048 (1-(4-hydroxyiminomethylpyridinium)-
4-(4-carbamoylpyridinium) butane dibromide). Their 
chemical structures were derived from the structures of 

currently used AChE reactivators, especially pralidoxime, 
trimedoxime and HI-6 (Figure 1).

From the chemical point of view, they are bisquater-
nary symmetric (K005 and K033) or asymmetric (K027 
and K048) pyridinium aldoximes with the functional 
 aldoxime group at position two (K005 and K033) or four 
(K027 and K048) at the pyridine rings. Their synthesis14–16 
and biological activities17–20 were described previously.

Source of the Enzyme
As a source of AChE, a homogenate of rat brains (Wis-

tar rats individuals weighing 200–240 g without sex pref-
erence) was used. The animals were killed in narcosis by 
cutting carotid arteries, the brains were removed, rinsed 
in physiological saline and homogenized in an Ultra-Tur-
rax homogenizer (Germany) in distilled water to make
a 10 % homogenate.

We have used the rat brain homogenate as a source of 
the enzyme for three reasons:
(i) The rat brain homogenate has been used in our experi-

ments for many years. Therefore we can compare our 
new results with the previous ones21–23.

(ii) In vitro experiments are followed by in vivo experi-
ments using the experimental animals. To compare 
our in vitro, and, in vivo results, the same source of 
AChE should be used24–26.

(iii) Data from animal experiments are indispensable for 
the licensing of oxime by regulatory authorities27.

In vitro Experiments
Standard in vitro method was used for the evaluation 

of reactivation potencies of mentioned oximes28.
Determination of activity of intact AChE (a

0
): Rat brain 

homogenate (0.5 ml) was added to a 0.3 M NaCl (20 ml). 
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Fig. 1. Structures of currently used oximes and their new analogues.
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Then 0.02 M solution of acetylcholine iodide (2.0 ml) was 
added and the system was adjusted with 0.3 M NaCl to 
a total volume of 25.0 ml. The liberated acetic acid was 
titrated with 0.01 M NaOH on an RTS 822 titrator in the 
pH-stat mode (pH 8.0) at room temperature (25 oC). The 
ionic strength of the solution was rendered with NaCl at 
constant value I = 0.25 M. The slope of the linear part of 
the time dependence of the NaOH used represents the 
activity of the intact enzyme (in fact, the initial rate of 
the enzymatic reaction).

Determination of activity of inhibited AChE (ai
): Rat 

brain homogenate (0.5 ml) was treated with 5.10–8 M 
aqueous solution of nerve agent (0.5 ml) for 30 min, 
which resulted in about 95 % inhibition of the enzyme. 
Solution of acetylcholine iodide (0.02 M, 2.0 ml) was 
added and the mixture was adjusted to 25.0 ml with 0.3 M 
NaCl solution. The activity of the inhibited enzyme (ai

) 
was immedi ately determined analogously as described in 
the previous experiment.

Determination of activity of reactivated AChE (a
r
): Reac-

tivation of the enzyme, inhibited in the above mentioned 
experiment, was performed immedi ately after the inhibi-
tion. A solution (1.0 ml) of the reactivator was added 
to the enzyme in appropriate concentration in range 
1.10–7–1.10–2 M. After 10 min reactivation at 25 oC, 0.02 M 
acetylcholine iodide (2.0 ml) was added. The mixture was 
adjusted to 25.0 ml with 0.3 M NaCl solution and imme-
diately afterwards the activity of the reactivated enzyme 
was determined analogously as described in the previous 
experi ments. According to our observation, the possibility 
of nerve agent-induced inhibition of released free enzyme 
during the reactivation of the enzyme is negligible.

Determination of percentage of reactivation (%R): The 
percentage of reactivation (%R) was calculated from the 
measured activities of the intact enzyme a0

, nerve agent-
inhibited enzyme a

i
, and reactivated enzyme a

r
, using 

equation 1. The enzyme activity was measured at room 
temperature (25 oC) and pH 8.0.

%R = [1 – (a
0
 – a

r
)/( a

0
 – a

i
)] × 100 (1)

Calculation of rate and dissociation constants: The 
measured values of enzyme activity vs. concentrations 
of reactivator were used for the calculation of rate and 
dissociation constants using equation 2:

%A = (100 * (1 – EXP(–t * k
R
*C

R 
/ (C

R 
+ K

R
)))*(1 – a

i
/

a
0
) + 100*a

i
/a

0
) / (1 + (C

S 
/ K

M 
+ 1) * C

R 
/ (K

dis
* f

d
))

 (2)

where: %A = percentage of enzyme activity after reactiva-
tion, when 100%= activity of intact enzyme; t = time of 
the reactivation; k

R 
= pseudofirst order-rate constant of 

reactivation for C
R
 = ∞; C

R 
= molar concentration of reac-

tivator; K
R 

=
 
dissociation constant of the enzyme-inhibitor-

reactivator complex; a
i 
= activity of inhibited enzyme; a

0 
= 

activity of intact enzyme; C
S 
=

 
molar concentration of sub-

strate; K
M 

= dissociation constant of enzyme – substrate 

complex (Michaelis constant); K
dis

 = dissociation constant 
of enzyme – reactivator complex; f

d 
= dilution constant 

calculated from the ratio of volume of substrate reaction 
and volume of reactivator reaction; * = multiplication

The first part of the above mentioned equation 
(1 – EXP(–t * k

R
*C

R 
/ (C

R 
+ K

R
))) describes an increase in 

enzyme activity due to dephosphorylation of the enzyme 
and the second part (1 + (C

S 
/ K

M 
+ 1) * C

R 
/ (K

dis
* f

d
)) 

describes a decrease in enzyme activity due to a competi-
tive reaction of reactivator and substrate about binding 
site of enzyme. Fraction a

i 
/ a

0
 introduces correction for 

subtotal inhibition of enzyme in equation 2. A computer 
program for non-linear regression was used to calculate 
reactivation parameters. Calculated parameters were k

R
, 

K
R
 and K

dis
. Other parameters of equation were introduced 

as constants.
The second-order rate constant of reactivation (k

r
) was 

calculated using equation 3:

 k
r = 

k
R 

/ K
R  

(3)

Determination of the dissociation constant of enzyme-
reactivator complex: Appropriate volume of 0.01 M solu-
tion of the oxime was added to the rat brain homogenate 
(0.5 ml) so as to achieve the desired oxime concentration 
CR

 in the interval 5.10–5–5.10–2 M. Then 0.02 M solution 
of acetylcholine iodide (2.0 ml) was added, the mixture 
was adjusted to 25.0 ml with 0.3 M NaCl and the rate 
of the enzyme reaction (v) was immediately determined 
analogously as in the previous experiments. The dissocia-
tion constant (Kdis

) was obtained by non-linear regression 
from the dependence of v on C 

R
 using equation 4:

 v = v
max

 × C
S
/( C

S
 + K

M 
× (1 + C

R 
/ K

dis
)) (4)

where, in addition to the above-defined symbols, v
max

 
denotes the maximum (limiting) rate of the enzymatic 
reaction, C

S
 is the substrate concentra tion and K

M
 is the 

Michaelis constant for hydrolysis of acetylcholine with 
AChE (1.9 ×10–4 M).

It is generally known that inhibition of AChE by reac-
tivators has competition character2. Dissociation constant 
(K

dis
) characterizes affinity of ligand (reactivator) to intact 

enzyme (AChE). Thus, the lower value of K
dis

 character-
izes higher affinity of oxime to AChE. For better predicted 
antidotal efficacy of oximes, the value of dissociation con-
stant of reactivation (K

R
) should be lower in comparison 

with the value of K
dis

.

Statistical evaluation
Statistical significance was determined by the use of 

Student’s t-test and the differences were considered signifi-
cant when P < 0.05. Statistical evaluation was determined 
with the relevant computer programs29.
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RESULTS

Affinity towards the intact AChE
Values of the constant Kdis

 characterizing the affinity of 
newly synthesized oximes to the intact AChE are shown in 
Table 1. With a decrease of its value, the affinity of tested 
oximes to AChE is increasing. As indicated in the Table 1, 
oxime HI-6 has the lowest value of the constant Kdis

. His 
result demonstrates that the affinity of the HI-6 towards 
the enzyme is the highest among all the tested oximes. Af-
finity of K033 and K005 oximes is comparable. Oximes 
K048, pralidoxime and obidoxime exhibit the values of 
this constant about 10 times higher in comparison with 
the oxime HI-6. Oxime K027 has the lowest affinity to the 
intact enzyme among all tested quaternary oximes.

Reactivation of tabun-inhibited AChE
Kinetic parameters (dissociation constant: KR

; rate 
constants: k

R
 and k

r
) shown in Table 2 characterize the 

ability of new oximes to reactivate tabun-inhibited AChE 
in vitro. The values of the constant KR

 characterizing the 
affinity of oximes to tabun-inhibited AChE indicate that 
the affinity of obidoxime to the enzyme-inhibitor complex 
is the highest among all new oximes tested. Values for the 
oximes K033 and HI-6 are comparable.

The values of the constant kR
 express the breakdown 

of the intermediate complex. The highest value of this 
constant for oxime K048 was obtained. The values of this 
constant decrease in the following order: K048 > Obi-
doxime > K005 > K027 > K033 > HI-6.

Obidoxime has the highest bimolecular constant of 
reactivation (kr

,
 
representing overall reactivation ability), 

followed by K033, HI-6, K048, K027 and K005 (2.4, 5.6, 
18, 22.9 and 781 fold lower compared with obidoxime, 
respectively).

The potency of oximes tested to reactivate tabun-inhib-
ited AChE is demonstrated in Figure 2. In the case of high 
(10–3 M) oxime concentration, 28 %, 16 %, 15 %, 2 %, 1 % and 
1 % reactivation of tabun-inhibited AChE was obtained 
for K048, K027, K005, HI-6, pralidoxime and K033, re-
spectively. Obidoxime at this concentration was not able 
to sufficiently reactivate tabun-inhibited AChE. Unfortu-
nately, this concentration is not suitable for humans. In 
the case of concentration range (10–5 M) relevant human, 
the percentage of reactivation of tabun-inhibited AChE 
does not reach 15 % regardless of the oxime used. The 
reactivation potency of K048 at the concentration 10–4 M 
(probably acceptable for human use) is similar to the po-
tency obtained for obidoxime.

According to our evaluation of all kinetic constants 
and concentration-reactivation relationships of tabun-in-
hibited AChE, we can confirm that the best reactivator 
from the new oximes seems to be the K048, however, in 
the high concentrations only.

Table 1. Affinity of the tested oximes towards 
acetylcholinesterase.

Oxime K
dis 

[µM]

K005 53
K027 5888
K033 65
K048 228

Pralidoxime 210
Obidoxime 280

HI-6 24

Table 2. Kinetic parameters of the reactivation 
of tabun-inhibited AChE in rat brain homogenate in vitro.

Oxime
K

R

[µM]
k

R

[min.–1]
k

r

[M–1.min.–1]

Pralidoxime 575 0.006 10
Obidoxime 3.2 0.020 6250

HI-6 6.3 0.007 1111
K005 2510 0.0198 8
K027 54 0.0148 273
K033 5 0.0121 2591
K048 93 0.0324 348

Table 3. Kinetic parameters of the reactivation 
of sarin-inhibited AChE in rat brain homogenate in vitro.

Oxime
K

R

[µM]
k

R

[min.–1]
k

r

[M–1.min.–1]

2-PAM 354 0.140 403
Obidoxime 781 0.380 486

HI-6 9 0.210 22000
K005 1940 0.083 43
K027 281 0.054 191
K033 16 0.042 2695
K048 240 0.0683 284

Table 4. Kinetic parameters of the reactivation of cyclosa-
rin-inhibited AChE in rat brain homogenate in vitro.

Oxime
K

R

[µM]
k

R

[min.–1]
k

r

[M–1.min.–1]

Pralidoxime 12000 0.040 3
Obidoxime – – –

HI-6 12 0.350 29000
K005 5 0.010 2196
K027 – – –
K033 20 0.095 4872
K048 – – –

(–) = not measurable values
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Reactivation of sarin-inhibited AChE
The ability of all studied oximes to reactivate sarin-in-

hibited AChE in vitro is demonstrated in Table 3 (kinetic 
parameters) and in Figure 3 (relationship concentration-
reactivation). The values of the dissociation constant 
KR

 indicate that the affinity of the oxime HI-6 to the en-
zyme-inhibitor complex is comparable to that of the oxime 
K033. Their KR

 constants are approximately 20–80 times 
higher in comparison to other oximes studied. The differ-
ences in the affinity of the oxime HI-6 to inhibited enzyme 
correspond to the differences in the second-order rate 
constant of sarin-inhibited AChE reactivation (kr

). Ac-
cording to our results shown in Figure 3, the oxime HI-6 is 
sufficiently effective to reactivate sarin-inhibited AChE at 
the concentrations from 10–6 to 10–4 M that should be at-
tainable for human use. On the other hand, oximes K048, 
K027, obidoxime and pralidoxime are able to reactivate 
sufficiently sarin-inhibited AChE in vitro in higher con-
centration (from 10–3 to 10–2 M only) that would be toxic 
for human use. In the case of the oxime K033, reactiva-
tion potency of this oxime does not reach percentage of 
the reactivation higher than 30 %. Oxime K005 has no 
potency to reactivate AChE inhibited by sarin.

Reactivation of cyclosarin-inhibited AChE
Kinetic parameters shown in Table 4 characterize the 

ability of the studied oximes to reactivate cyclosarin-inhib-
ited AChE in vitro. We were not able to measure rate con-
stants of the reactivation of cyclosarin-inhibited AChE for 
obidoxime and new oximes K027 and K048, due to their 
very low ability to reactivate cyclosarin-inhibited AChE.

The values of the constant KR
 characterizing the affin-

ity of oximes to cyclosarin-inhibited AChE indicate that 
the affinity of the compound K005 to the enzyme-inhibi-
tor complex is the highest among all new oximes tested. 
The affinity of other oximes tested decreases as follows: 
HI-6 > K033 > pralidoxime.

The values of the constant kR
 express the breakdown 

of the intermediate complex. The highest value of this 
constant for oxime HI-6 was obtained. The values of 
this constant decrease in the following order: K033 > 
 pralidoxime > K005.

Oxime HI-6 has the highest bimolecular constant of 
reactivation (kr

) representing overall reactivation ability. 

Oximes K005 and K033 have comparable values of this 
constant. The lowest constant was obtained for pralid-
oxime.

The potency of tested oximes to reactivate cyclosarin-
inhibited AChE is demonstrated in Figure 4. In the case 
of oximes HI-6 and K033, 94 % and 46 % reactivation of 
cyclosarin-inhibited AChE was obtained at the concentra-
tion 10–4 M. Maximal reactivation potency for pralidoxime 
(25 %) was obtained at a very high concentration of the 
reactivator. Obidoxime, oxime K048 and K005 reached 
the maximum reactivation potency 13 %, 11 % and 9 %, 
respectively. Oxime K027 was not able to reactivate AChE 
inhibited by cyclosarin.

According to our evaluation of all kinetic constants 
and the concentration-reactivation relationship, we can 
confirm that the best reactivator for cyclosarin-inhibited 
AChE from the tested oximes seems to be oxime HI-6 
followed by the oxime K033, which is the best reactivator 
of cyclosarin-inhibited AChE from the newly synthesized 
oximes.

Reactivation of VX-inhibited AChE
The results for VX-inhibited AChE are described in 

the Table 5. KR
, that represents affinity of the quaternary 

oximes to the inhibited AChE, is the highest for the oxime 
K005. The values of the KR

 for the other oximes are lower. 
Their values decrease in the following order: obidoxime 
> K048 > K027 > HI-6 > pralidoxime. Oxime K033 is 
reactivator with the highest affinity towards VX-inhibited 
AChE among all the oximes tested.

Obidoxime has the highest rate constant kR
 for the 

breakdown of the intermediate complex. The oximes 
K005, K027, K048 and H-oxime HI-6 have similar values 
of this constant. The lower value (about 3-times) is dem-
onstrated for pralidoxime and oxime K033.

Oxime K033 has the highest bimolecular constant of 
reactivation (kr

, representing overall reactivation ability) 
than HI-6, K027, K048, obidoxime, pralidoxime and K005 
(1.7, 2.8, 2.9, 4.2, 6.7 and 25.2 fold lower compared to 
K033, respectively) due to its low value of the dissociation 
constant KR

 (k
r 
= k

R 
/ K

R
).

The potency of tested oximes to reactivate VX-inhib-
ited AChE is shown in Figure 5. 10–3 M concentration of 
the obidoxime, oximes K027 and K048 is necessary to 
reach 78 %, 70 % and 71 % reactivation of VX-inhibited 
AChE, respectively.

DISCUSSION

Due to the fact that none of the currently used AChE 
reactivators is able to reactivate AChE inhibited by all 
kinds of nerve agents, search for a new AChE reactivator, 
which could reactivate AChE inhibited by broad spectrum 
of nerve agents, is needed. In our work, we have presented 
reactivation potency of the new bisquaternary pyri dinium 
AChE reactivators – K005, K033, K027 and K048 in 
tabun-, sarin-, cyclosarin- and VX-inhibited AChE. Al-
though this work presents just in vitro experiments, our 

Table 5. Kinetic parameters of the reactivation 
of VX-inhibited AChE in rat brain homogenate in vitro.

Oxime
K

R

[µM]
k

R

[min.–1]
k

r

[M–1.min.–1]

2-PAM 127 0.047 370
Obidoxime 562 0.330 587

HI-6 130 0.191 1469
K005 1350 0.132 98
K027 181 0.157 867
K033 16 0.040 2469
K048 208 0.174 837



80 K. Kuča, L. Bartošová, D. Jun, J. Patočka, J. Cabal, J. Kassa, G. Kunešová

0

10

20

30

40

50

60

70

80

90

100

-8 -7 -6 -5 -4 -3 -2 -1

log concentration of reactivator [M]

noitavitcaer 
%

2-PAM

Obidoxime

HI-6

K005

K027

K033

K048

0

5

10

15

20

25

30

-9 -8 -7 -6 -5 -4 -3 -2 -1

log concentration of reactivator [M]

noitavitcaer 
%

2-PAM
Obidoxim
HI-6
K005
K027
K033
K048

0

10

20

30

40

50

60

70

80

90

100

-8 -7 -6 -5 -4 -3 -2 -1

log concentration of reactivator [M]

noitavitc aer 
%

2-PAM

Obidoxime

HI-6

K005

K027

K033

K048

0

10

20

30

40

50

60

70

80

90

100

-8 -7 -6 -5 -4 -3 -2 -1

log concentration of reactivator [M]

noitavitcaer 
%

2-PAM

Obidoxime

HI-6

K005

K027

K033

K048

Fig. 2. Reactivation-concentration relationship of oximes 
to tabun-inhibited AChE

Fig. 3. Reactivation-concentration relationship of oximes 
to sarin-inhibited AChE

Fig. 4. Reactivation-concentration relationship of oximes 
to cyclosarin-inhibited AChE

Fig. 5. Reactivation-concentration relationship of oximes 
to VX-inhibited AChE

results are important because of the close relationship 
between in vitro and in vivo results24, 25.

It is very difficult to find an ideal broad-spectrum re-
activator of nerve agents-inhibited AChE. It should have 
the value of K

R
 from 10 to 100 times lower than K

m
 of the 

native substrate (K
M

 for AChE + acetylcholine iodide is 
200 µM) and the value of K

dis
 from 10 to 100 times higher 

than K
M

18. Thus, the affinity of the AChE reactivator to 
the inhibited enzyme should be higher than the affinity 
to the reactivated or, intact enzyme. Ratio between these 
both constants (K

dis
 and K

R
) differ according to the nerve 

agent used24, 25.
Our results presented in this work confirm the fact that 

the reactivation of inhibited AChE depends not only on 
the inhibitor used but also on the chemical structure of 
the reactivator11, 12, 14. Reactivators differ from each other 
by the position of the oxime group on the pyridinium ring 

and, in the case of bispyridinium oximes, by the chemi-
cal structure of the bridge between both pyridinium rings 
only11.

Oxime K005 does not reactivate sarin inhibited AChE 
in vitro. On the other hand, it is able to reactivate cyclosa-
rin and VX-inhibited AChE. However, its reactivation po-
tency in both cases is lower than that for all currently used 
oximes (pralidoxime, obidoxime and HI-6). In the case of 
tabun intoxications, its reactivation is lower compared to 
HI-6 and comparable with pralidoxime and obidoxime at 
the high concentrations of the oximes16, 19, 30.

Oxime K027 seems to be a good reactivator of orga-
nophosphates-inhibited AChE. Its reactivation potency 
is lower compared to the other oximes in the case of the 
reactivation of sarin-inhibited AChE, nevertheless, it is 
sufficient to significantly increase the activity of sarin-in-
hibited AChE. On the other hand, its reactivation ability 
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is comparable to obidoxime in the case of reactivation of 
VX- and tabun-inhibited AChE. In addition, its reactiva-
tion potency of tabun-inhibited AChE is higher than that 
of the oxime HI-6, which is currently regarded to be the 
most promising reactivator of organophosphates-inhibited 
AChE14, 19.

Oxime K033 was found to be more efficacious re-
activator of sarin and cyclosarin-inhibited AChE than 
 pralidoxime and obidoxime but it did not reach the ef-
ficacy of the oxime HI-6 in the case of the inhibition 
of AChE by sarin or cyclosarin. On the other hand, the 
oxime K033 is more efficacious than the oxime HI-6 to 
reactivate tabun-inhibited AChE16, 20, 30.

Oxime K048 was found to be more efficacious reac-
tivator of nerve agents-inhibited AChE than pralidoxime 
(in the case of VX, tabun and cyclosarin), obidoxime (in 
the case of cyclosarin and tabun) and HI-6 (in the case 
of tabun) but it did not reach the efficacy of currently 
used oximes in the case of the inhibition of AChE by 
sarin15, 17.

None of the newly synthesized AChE reactivators 
is able to reactivate AChE inhibited by all tested nerve 
agents. Comparison of the currently used oximes (pralid-
oxime, obidoxime and HI-6) with our newly synthesized 
oximes (K005, K027, K033 and K048) confirms that 
there is no single AChE reactivator, which can universally 
reactivate AChE inhibited by all nerve agents.

CONCLUSION

We have synthesized and tested in vitro four new 
AChE reactivators (K005, K033, K027 and K048). Their 
reactivation potency was studied using tabun-, sarin-, cy-
closarin-and VX-inhibited AChE. Although none of the 
new AChE reactivators was able to reactivate AChE in-
hibited by all nerve agents tested, their abilities to reacti-
vate nerve agents inhibited AChE in vivo using standard 
reactivation tests will be soon tested31–33.
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