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Abstract Despite six decades of extensive research in medi-
cal countermeasures against nerve agent poisoning, a broad
spectrum acetylcholinesterase (AChE) reactivator is not yet
available. One current approach is directed toward synthe-
sizing oximes with high affinity and reactivatability toward
butyrylcholinesterase (BChE) in plasma to generate an effec-
tive pseudocatalytic scavenger. An interim solution could be
the administration of external AChE or BChE from blood
products to augment pseudocatalytic scavenging with slower
but clinically approved oximes to decrease nerve agent con-
centrations in the body. We here semiquantitatively investigate
the ability of obidoxime and HI-6 to decrease the inhibitory
activity of VX with human AChE and BChE from whole
blood, erythrocyte membranes, erythrocytes, plasma, clini-
cally available fresh frozen plasma and packed red blood cells.
The main findings are that whole blood showed a VX con-
centration-dependent decrease in inhibitory activity with HI-6
being more potent than obidoxime. Using erythrocytes and
erythrocyte membranes again, HI-6 was more potent com-
pared to obidoxime. With freshly prepared plasma, obidoxime
and HI-6 showed comparable results for the decrease in VX.
The use of the clinically available blood products revealed
that packed red blood cells showed similar kinetics as fresh
erythrocytes. Fresh frozen plasma resulted in a slower and
incomplete decrease in inhibitory plasma compared to freshly
prepared plasma. In conclusion, the administration of blood
products in combination with available oximes augments
pseudocatalytic scavenging and might be useful to decrease
the body load of persistent, highly toxic nerve agents.
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Introduction

The recent attacks with the organophosphorus-based
nerve agent sarin killed several hundred civilians in Syria
and underline the need for effective medical counter-
measures, especially if high numbers of patients or larger
groups are affected (Dolgin 2013; Eisenkraft et al. 2014).
The toxic mechanism of organophosphorus compounds
(OP)—including nerve agents and pesticides—is based on
a covalent binding with subsequent inhibition of the serine
hydroxyl group in the active center of the pivotal enzyme
acetylcholinesterase (AChE) (Aldridge and Reiner 1972).
Failure of inhibited AChE to hydrolyze the neurotrans-
mitter acetylcholine (ACh) results in an endogenous ACh
overflow at muscarinic and nicotinic synapses resulting in
cholinergic crisis. Finally, death may occur due to mus-
carinic receptor-mediated strong secretion in the respira-
tory tract, the nicotinic cholinoceptor-mediated paralysis of
the respiratory muscles and central respiratory disturbance
(Kwong 2002; Lee 2003). Approved standard antidotal
therapies are based on the reactivation of inhibited AChE
by the reactivators obidoxime, pralidoxime, HI-6 or tri-
medoxime in order to reactivate the inhibited enzyme by
nucleophilic reactivation and restore the catalytic activity
of AChE (Worek and Thiermann 2013). Atropine is admin-
istered to competitively antagonize muscarinic symptoms.
This combined standard antidotal treatment is virtually
unchanged for the past 60 years. New and experimental
approaches are mainly based on the application of scaven-
gers (Nachon et al. 2013). As stoichiometric scavengers,
cyclodextrins and butyrylcholinesterase (BChE) are under
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research and have been evaluated in animal experiments
(Mumford et al. 2011; Worek et al. 2014b). Yet, stoichio-
metric scavengers would necessitate the administration
of an enormous amount in humans and would only pre-
vent signs of poisoning if administered before the poison
reaches target tissues (Mumford et al. 2013). Therefore,
catalytic scavengers are being developed and show, in prin-
cipal, feasibility for prophylaxis and therapy in nerve agent
poisoning. However, substrate specificity with a small
spectrum, low catalytic activity, low stability in vivo and
potential immunogenicity are serious points that need to be
addressed in future research to optimize catalytic scaven-
gers and allow advanced development for clinical approval
(Worek et al. 2016).

Next to the stoichiometric and catalytic scavengers,
the concept of so-called pseudocatalytic bioscavengers
has been conceived by Maxwell and colleagues in the late
1990s (Maxwell et al. 1999). Basic component is an oxime
that reactivates an inhibited AChE and/or BChE (both per
se stoichiometric scavengers) and thus accelerates break-
down of circulating OP. This effect can be augmented by
adding external ChE to increase the pool of enzyme in the
circulation. At the moment, this concept is mainly based on
BChE lacking an intrinsic mechanism of spontaneous reac-
tivation, which must therefore be combined with an oxime.
By now the reactivation of nerve agent-inhibited BChE
using the approved (bis-)pyridinium oximes obidoxime or
pralidoxime is rather weak (Aurbek et al. 2009; Elsinghorst
et al. 2013). Current research is directed toward synthe-
sizing oximes with new scaffolds combining high affinity
and reactivatability toward BChE in plasma to generate an
effective pseudocatalytic scavenger (Kovarik et al. 2010;
Radié et al. 2013; Sit et al. 2014).

An interim solution would be the administration of
native AChE and/or BChE from blood products which
might work as a pseudocatalytic scavenger in combina-
tion with clinically approved oximes (Fig. 1). As AChE

Fig.1 Concept of pseudocatalytic scavenging with VX-inhibited
cholinesterases and oximes. In this concept, the administration of obi-
doxime or HI-6 allows the regeneration of the inhibited stoichiomet-
ric scavengers AChE and BChE. The ChE pool in the body can be
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expressed on the membranes of red blood cells is coded by
the same gene as the neuronal AChE, erythrocyte concen-
trates represent an available external AChE source in emer-
gency medicine (Taylor and Radi¢ 1994). Plasma prepara-
tions [e.g., fresh frozen plasma (FFP)] are also available in
emergency departments and could be used as a treatment to
elevate the concentration of BChE and proteins in the vas-
cular compartment of a OP-poisoned patient (Wille et al.
2014; von der Wellen et al. 2016). Thus, we here set out
to test human blood and erythrocytes as AChE source and
plasma as BChE source in combination with the approved
obidoxime and HI-6, an oxime in advanced development in
several European countries, to evaluate the pseudocatalytic
scavenging potency of blood components to decrease the
highly stable nerve agent VX in vitro.

Materials and methods
Materials

5,5'-Dithiobis-2-nitrobenzoic acid (DTNB), acetylthiocho-
line iodide (ATCh) and S-butyrylthiocholine iodide (BTCh)
were supplied by Sigma-Aldrich (Taufkirchen, Germany).
VX (purity >98 % by GC-MS, 'H NMR and *'P NMR;
Fig. 1) was made available by the Ministry of Defence
(Bonn, Germany) and HI-6 by Dr. Clement (Defence
Research Establishment Suffield, Ralston, AB, Canada;
Fig. 1). All other chemicals including obidoxime were pur-
chased from Merck Eurolab GmbH (Darmstadt, Germany)
at the purest grade available. Heparinized human whole
blood was in part separated into plasma and erythrocytes
by centrifugation (3000 rpm, 10 min). Packed red blood
cells (PRBC) and FFP were supplied by the Bavarian Red
Cross Blood Donation Service, Munich, Germany. They
contained 86—88 % erythrocytes and 12—14 % CPD stabi-
lizer solution (8.9 mM tri-natriumcitrate dihydrate, 1.6 mM
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citric acid, 13 mM glucose and 1.6 mM sodium dihydro-
gen phosphate dihydrate) or 80-84 % human plasma and
16-20 % CPD stabilizer solution.

Human erythrocyte ghosts

Hemoglobin-free erythrocyte ghosts were prepared as source
of human erythrocyte AChE (HEG-AChE) (Worek et al.
2004). Prior to use, aliquots were homogenized on ice with
a Sonoplus HD 2070 ultrasonic homogenator (Bandelin elec-
tronic, Berlin, Germany), three times for 5 s with 30-s inter-
vals, to achieve a homogeneous matrix for the kinetic studies.

VX dilution

VX stock solutions for the biological assay (0.1 % in ace-
tonitrile) were stored at ambient temperature. Working
solutions were prepared in distilled water immediately
before the experiment and kept on ice until use.

Determination of concentration of binding sites
for nerve agents

Human plasma was incubated with at least five concentra-
tions of VX (10-60 nM) in phosphate buffer (0.1 mM, pH
7.4) for 10 min at 37 °C. Thereafter, residual BChE activ-
ity was determined. The residual BChE activity (% of con-
trol) was plotted versus the nerve agent concentration, and
the concentration of the BChE binding sites was obtained
from the X-intercept of the regression line. Concentrations
resulting in zero activity were excluded to allow proper
linear regression. FFP was adjusted to an identical BChE
activity to gain a comparable amount of ChE binding sites.
AChE binding sites were determined similarly for HEG-
AChHE with 2.5-20 nM VX final concentration. Blood dilu-
tions and dilutions of PRBC were prediluted 1:1 with phos-
phate buffer (0.1 M, pH 7.4) containing 0.2 % gelatine and
adjusted to an identical activity of HEG-AChE to achieve a
comparable concentration of ChE binding sites.

Evaluation of pseudocatalytic activity

Heparinized blood, erythrocytes, HEG-AChE or plasma
were mixed 1:1 with phosphate buffer (0.1 M, pH 7.4)
containing 0.2 % gelatine. PRBC and FFP were tested as
commercial external ChE sources and diluted comparably.
In addition, equal parts of PRBC and FFP were premixed
and then diluted 1:1 to mimic whole blood dilution. Subse-
quently, VX was added (100400 nM final concentration)
followed by 10 min incubation at 37 °C.

The sample was then incubated with HI-6 or obidoxime
(50 uM, respectively) to start the oxime-mediated pseudo-
catalytic breakdown of VX (Fig. 2). As a control, an assay
without oxime was performed. After various time intervals
up to 240 min, 20 pL samples were taken from both of the
two incubates and transferred to a prewarmed cuvette filled
with 3000 pL phosphate buffer, 100 uL DTNB (0.3 mM
final concentration). A preincubation of 5 min allowed sat-
uration of unspecific sulfhydryl groups in the sample, and
thereafter 50 pL. ATCh or BTCh was added to determine
AChE and/or BChE activity spectrophotometrically (Shi-
madzu UV 2600, Duisburg, Germany) with a modified Ell-
man assay (Worek et al. 1999) at 436 nm and 37 °C.

An additional sample of each incubate was taken and
mixed with 20 uL non-inhibited HEG-AChE and was incu-
bated for 15 min to allow inhibition of native HEG-AChE
by free VX especially in the early phase of the experi-
ment. Then, 20 pL. was transferred to a prewarmed cuvette
for determination of AChE activity. This assay allows the
semiquantitative assessment of the inhibitory activity in the
tested matrices.

Calculations

BChE or AChE activity of the previously VX-inhibited
(fresh frozen) plasma, blood, erythrocytes, erythrocyte
concentrate, and HEG-AChE was transferred into percent
according to the control activity of the tested matrices. The
inhibitory activity of incubates at a given time point was
calculated as well.

Calculation of AChE and BChE activity

A(%) = (As/Ac) x 100 (1)

Calculation for inhibition assay plus ghost and reactiva-
tion assay plus ghost

1(%) =100 — (Asg/(1/2AuEG + 1/245)) x 100 (2)

with A (%) = activity in %, Ag = activity of sample,
A = control activity, I (%) = inhibition in %, ASg = activ-
ity of sample after incubation with ghost, Ay = activity
of HEG-AChE.

The VX concentration in the sample was calculated
according to the following equation:

[VX]tg = [VX] — [ChE] 3)

[VX]ty = [VX]i—1 — [ChE]/2 x (tx — tx—1)/11)2 4)

with [VX]¢, = VX concentration at time zero, [VX] = ini-
tial VX concentration, [ChE] = calculated binding sites of
BChE and/or AChE, [VX]¢, = VX concentration at a time
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Fig. 2 Scheme of the proce-
dure to assess pseudocatalytic
scavenging. Various sources

of ChE were incubated with

VX followed by addition of
obidoxime or HI-6. ChE activity
was either assessed immediately
or assessed after incubation
with uninhibited HEG-AChE

to assess free VX in the early
phase of the experiments

Incubation for 5 min at
37°C in cuvette, then
addition of ATCh/BTCh
and determination of
ChE activity.

t., [VX],_; = VX concentration calculated for a previous
time point ¢,_,, t,,, = reactivation half-life.

The decrease in the VX concentration by the differently
used matrices was calculated assuming a zero order kinetic
in the presence of pharmacologically relevant oxime con-
centrations dependent on the determined ChE binding sites.
The used kinetic constants for reactivation of VX-inhibited
human AChE with obidoxime and HI-6 were taken from
Worek et al. (2004).

Results

AChE and BChE binding sites

The tested fresh plasma revealed 38.8 & 0.3 nM binding
sites for BChE. The concentration of binding sites of HEG-
AChE was 6.5 = 0.1 nM.

AChE and BChE inhibition in the absence of an oxime
Incubation of the different matrices with VX without add-
ing an oxime resulted in a complete inhibition of AChE
and BChE activity throughout the experimental period

(>99 %, Fig. 3a). Determination of inhibitory activity
showed complete inhibition of added HEG-AChE (<2 %

@ Springer

Whole blood, erythrocytes
plasma, PRBC or FFP is
incubated with VX (100 —

400 nM)

Incubation with obidoxime
or HI6 (50 uM)

Y

— pu >

incubate Incubation of 20 pL reactivation
assay with 20 yl HEG-AChE for
15 min at 37°C in cup.
20 pl

Incubation for 5 min at
37°C in cuvette, then
addition of ATCh/BTCh
and determination of
ChE activity.

activity) indicating the presence of free VX until end of the
experiment.

Pseudocatalytic scavenging of VX by obidoxime
and HI-6

Incubation of VX-treated whole blood dilution with 50 uM
oxime resulted in a rapid decrease in inhibitory activ-
ity, i.e., reduction in free VX, which was substantially
faster with HI-6 compared to obidoxime (Fig. 3b, c). Use
of higher VX concentrations in combination with 50 pM
HI-6 in whole blood dilutions resulted in a concentration-
dependent delay of half-maximal loss of inhibitory activity
after 2.2 min for 100 nM VX, 13.3 min for 200 nM VX
and 49.3 min for 400 nM VX (Fig. 3d, e). Half-maximal
increase in ChE activity was achieved after 17.2 min for
100 nM VX, 43.4 min for 200 nM VX and 84.4 min for
400 nM VX. The initial VX concentration showed a linear
relationship with both the loss of inhibitory activity and the
increase in ChE activity (R> > 0.99).

Addition of 50 uM obidoxime or HI-6 to VX-treated
HEG-AChE, erythrocytes and plasma again resulted in
a rapid decrease in inhibitory activity (Fig. 4). HI-6 was
more effective than obidoxime with HEG-AChE and eryth-
rocytes, while both oximes achieved a comparable effect
with plasma.
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Fig. 3 Pseudocatalytic scavenging of VX with obidoxime and HI-6
in whole blood. The non-oxime control showed persistent inhibition
during the whole experiment (a, red line red inverted triangle). The
addition of native HEG-AChE to an aliquot of VX-treated whole
blood resulted in a complete inhibition of the added HEG-AChE and
proofed free VX during the experiment duration (a, blue line blue tri-
angle). HI-6 was more effective than obidoxime in detoxification of
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VX at identical VX and oxime concentrations (b vs. ¢). The decrease
in inhibitory activity depended on the VX concentration and was
delayed with increasing VX concentrations (c—e, red line red inverted
triangle). Subsequently the activity increased (b—e, blue line blue tri-
angle). Data are given as ChE activity (%) or inhibitory activity (%)
of n = 4 experiments & SD (color figure online)
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Fig. 4 Pseudocatalytic scavenging of VX with obidoxime and HI-6
in HEG-AChE, erythrocytes and plasma. Obidoxime showed a slower
decrease in inhibitory activity (red line red inverted triangle) and
increase in activity (blue line blue triangle) than HI-6 with VX-incu-
bated (100 nM) HEG-AChE (a vs. b) and erythrocytes (¢ vs. d). With

Model calculations of VX detoxification in HEG-AChE,
erythrocytes and plasma

The theoretical decrease in the VX concentration was cal-
culated with Egs. (3) and (4) for HEG-AChE, erythrocytes
and plasma assuming a linear decrease dependent on the
ChE binding sites in the respective samples (Fig. 4, dashed
black line). With an oxime concentration of 50 uM and kg,
of 0.58 and 0.20 min~", calculated half-lives (t,,, = In 2/k,,)
were 1.2 min for the reactivation of VX-inhibited AChE with
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plasma, the decrease in inhibitory activity was comparable with both
oximes (e vs. f). The calculated VX concentration is given as dashed
black line. Data are given as ChE activity in % or inhibitory activity
in (%) of n = 4 experiments £+ SD (color figure online)

obidoxime or 3.5 min for HI-6. The calculation for the reacti-
vation of VX-inhibited human BChE by obidoxime (50 pM)
was achieved with a k, of 0.995 min~! and a K, of 1007 uM
resulting in k,, of 0.05 min~' and a half-life of 14.7 min. For
HI-6, a k. of 0.812 min~' and a K}, of 450 uM were deter-
mined resulting in k,; of 0.08 min~" and a half-life of 8.5 min
(unpublished data). The decrease in the VX concentration
in HEG-AChE, erythrocytes and plasma was in good agree-
ment with the measured data for HI-6. However, with obi-
doxime, there was a delay between the determined decrease in
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Fig. 5 Pseudocatalytic scavenging of VX with obidoxime and HI-6
in packed red blood cells (PRBC), fresh frozen plasma (FFP) and
combination of both. Obidoxime showed a slower decrease in inhibi-
tory activity (red line red inverted triangle) and increase in activ-
ity (blue line blue triangle) than HI-6 with VX-incubated (100 nM)
PRBC (a vs. b). With VX-incubated (100 nM) FFP the decrease in

inhibitory capacity and the calculated decrease in VX concen-
tration with HEG-AChE and erythrocytes (Fig. 4a, c).

Suitability of fresh frozen plasma and packed red blood
cells as clinically available source of ChE

To assess a potential clinical application of the concept of
pseudocatalytic scavenging FFP, PRBC and a 1:1 mixture
of both were tested (Fig. 5). Again, HI-6 was more effective
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inhibitory activity was comparable with both oximes (¢ vs. d). Com-
bination of PRBC and FFP resulted in a more rapid decrease in inhib-
itory activity and activity increase with HI-6 than obidoxime (e vs. f).
Data are given as ChE activity in % or inhibitory activity in (%) of
n = 4 experiments £ SD (color figure online)

in reducing inhibitory activity in the presence of PRBC
than obidoxime; the effect was comparable to the results
obtained with freshly drawn erythrocytes (Figs. 4, 5). With
obidoxime, the loss of inhibitory activity was slower with
PRBC compared to erythrocytes. Interestingly, the use
of FFP resulted in a substantially slower and incomplete
decrease in inhibitory activity compared to plasma. Finally,
the detoxifying effect of oximes in combination with PRBC
plus FFP was slightly slower compared to whole blood.
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Discussion

Current research is directed to develop primarily new
BChE-specific reactivators to turn plasma BChE into a
pseudocatalytic scavenger or to even augment this pro-
cess by administration of recombinant BChE (Kovarik
et al. 2010; Radi¢ et al. 2013; Elsinghorst et al. 2013;
Nachon et al. 2013; Sit et al. 2014). As a short-term solu-
tion, administration of the licensed obidoxime or HI-6 as
oxime in advanced development together with additional—
by itself stoichiometric—AChE and/or BChE from blood
products is a practical approach to elevate the oxime-
mediated pseudocatalytic breakdown of VX in the vascular
compartment to decrease the toxic body load and improve
physical recovery. We used 100 nM VX as multiple LDy,
and a possible blood concentration after extensive inhala-
tional uptake (Reiter et al. 2011). This represents a concen-
tration overwhelming the endogenous scavenging capacity
and mechanisms by a simple binding to free ChEs and pro-
teins and provided complete and stable inhibition during
the experiment duration (Fig. 3a).

We added the oximes obidoxime and HI-6 in concentra-
tions of 50 uM to our model—a concentration comparable
to the C,,, after intramuscular injection of 250 mg obi-
doxime and 500 mg HI-6 in humans (Sidell and Groft 1970;
Clement et al. 1995). Both oximes are supposed to turn ChE
into a pseudocatalytic scavenger thus elevating the endog-
enous scavenging capacity to steadily decrease the VX load
in the body. Accordingly, the degradation of higher VX con-
centrations with whole blood resulted in a linear relation-
ship of the VX concentrations and the half-maximal reacti-
vation time (Fig. 3c—e). The results of this semiquantitative
study show that the concept of pseudocatalytic scavenging
does not necessarily depend on the reactivation of OP-inhib-
ited BChE by specially designed oximes but that additional
AChE and BChE in combination with established oximes
might be a possible short-term solution too (Figs. 4, 5).

The decrease in inhibitory activity with HI-6 for VX-
inhibited HEG-AChE, erythrocyte and whole blood was
considerably faster than the respective kinetics of obidox-
ime (Figs. 3b vs. ¢, 4, 5). In addition, there was a delay of
the measured decrease in the VX concentration compared
to the calculated one with obidoxime for HEG-AChE and
erythrocytes (Fig. 4). This might be due to the effect of a
formation of stable phosphyl oximes with the 4,4’-oxime
obidoxime whose inhibitory activity toward AChE is of
impact here in a cuvette-based system and delays pseu-
docatalytic scavenging with obidoxime compared to the
2-oxime HI-6 (Herkenhoff et al. 2004). Although AChE
binding sites of erythrocytes were adjusted to that of HEG-
ACHhE, the decrease in inhibitory activity was faster with
erythrocytes and might be due to unspecific side reactions
with the intact membrane of erythrocytes.
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For plasma, the velocity of decrease in inhibitory activ-
ity showed similar kinetics as HEG-AChE and erythrocytes
(Fig. 4). This is a little surprising if comparing the lower
reactivation constants of BChE with obidoxime and HI-6
with the respective AChE data. However, as the BChE
binding sites (38.8 + 0.3 nM) were sixfold higher than the
ACHhE binding sites (6.5 = 0.1 nM), this effect is partly out-
weighed here (Figs. 4, 5).

Klose and Gutensohn (1976) described a case report
of deliberate intramuscular demeton-O-methyl poisoning
where the administration of 500 mg obidoxime showed
no immediate beneficial effect, and thus it was decided to
infuse isolated human BChE. The small amount of lyoph-
ilisated BChE (90 mg) does not necessarily explain the
early improvement of the patient’s symptoms alone if one
assumes a stoichiometric mechanism only. Yet, the combi-
nation of the previously administered oxime followed by
the intravenous BChE application was possibly the first—
although unwittingly—use of pseudocatalytic scavenging
in a clinical case report. However, the isolation of human
plasma BChE or production of recombinant BChE is time-
consuming and costly, yet. We therefore tested PRBC, FFP
and a mixture of both as external, clinically available ChE
source to proof feasibility as therapeutic approach (Fig. 5).

The PRBC showed a decrease in inhibitory activity
with HI-6 and obidoxime similar to the native erythrocytes
(Figs. 4c vs. 5a, 4d vs. 5b), the decrease in the VX con-
centration being faster with HI-6. In contrast, the kinetics
of inhibitory activity with FFP and freshly prepared plasma
were comparable with both tested oximes.

Finally, the possible benefit of the emergency treat-
ment options PRBC and FFP was calculated. Both were
adjusted to the ChE activities of the fresh HEG-AChE and
freshly drawn plasma due to the correlation between ChE
activity and binding sites (Wille et al. 2014). Assuming
6.5 & 0.1 nM AChE binding sites, 6 1 blood and a haemato-
crit of 50 %, this would result in 19.5 nmol AChE binding
sites in the blood compartment. With a PRBC volume of
450 mL, this pool is elevated by additional 3 nmol bind-
ing sites in the vascular compartment, i.e., 15 %. Accord-
ingly, administration of 250 mL FFP with 38.8 £ 0.3 nM
BChE binding sites would result in additional 10 nmol
binding sites in the blood compartment and an increase of
9 %. Both erythrocyte and plasma administration would
increase the ChE level in the body to allow a somewhat
faster scavenging of highly toxic nerve agents in a nanomo-
lar concentration range [2LD5, VX s.c., i.e., 18 ug kg™!
resulted in roughly 10 nM VX in whole blood samples
(Worek et al. 2014a)]. From a practical point of view, the
concept of pseudocatalytic scavenging would start with the
first and even preclinical-administered oxime dose. Admin-
istration of external ChE sources should be considered
as supportive treatment in the hospital if percutaneous or
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oral uptake by persistent OP has to be taken into account
to counteract prolonged absorption and decrease or even
inhibit OP-transfer into target tissue. For an acute inhala-
tion type exposure with volatile nerve agents and rapid dis-
tribution for target tissues, this approach does not seem to
be useful. For OP pesticide poisoning, the estimated body
load would be much higher and concentrations of almost
1 mM of omethoate have been detected in blood (Pavlic
et al. 2002). In such a case of mega-dose-poisoning, oxime-
mediated breakdown of the OP pesticide could be acceler-
ated and shorten the time of artificial ventilation. One has
to keep in mind that AChE and BChE activities show inter-
individual variability and are not routinely tested in blood
products but will influence rate of pseudocatalytic scaveng-
ing (Augustinsson 1955).

In conclusion, pseudocatalytic scavenging of VX can be
achieved with commercially available AChE (PRBC)- and
BChE (FFP)-containing blood products in combination
with obidoxime or HI-6. Hereby, HI-6 proved to be more
effective and the velocity of VX detoxification was more
rapid with combined use of PRBC and FFP. This approach
may be a useful supportive adjunct to standard atropine
plus oxime treatment in case of poisoning with persistent
nerve agents, e.g., VX and its analogues, in order to reduce
the period of toxicologically relevant agent concentrations.
Additional research is needed to evaluate the effectiveness
of this concept in vivo. In the end, the use of commercial
ChE products and established oximes may serve as an
interim solution until more effective oximes and eventu-
ally AChE or BChE mutants with superior properties are
available.
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