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Abstract

Introduction: Accidental and suicidal exposures to organophosphorus compounds (OPC) are frequent. The inhibition of esterases
by OPC leads to an endogenous ACh poisoning. Recently, the FDA approved, based on animal experiments, for military combat
medical use oral pyridostigmine (PSTG) for pre-exposure treatment of soman; the concept is to block the cholinesterase
reversibly using the carbamate pyridostigmine in order to deny access to the active site of the enzyme to the irreversible inhibitor
(OPC) on subsequent exposure. We have shown previously that tiapride (TIA) is in vitro a weak inhibitor of AChE. We also
have shown recently that in rats coadministration of TIA with the organophosphate paraoxon significantly decreases mortality
without having an impact on red blood cell cholinesterase (RBC-AChE) activity.

Purpose of the study: To establish in a prospective, non-blinded study in a rat model of acute high dose OPC (paraoxon; POX)
exposure the ideal point in time for TIA pre-treatment administration and to correlate it with measured TIA plasma levels.

Material and Methods: There were six groups of rats in each cycle of the experiment and each group contained six rats. The
procedure was repeated twelve times (cycles) (n = 72 for each arm; half male and half female). All substances were applied ip.

All groups (1–6) received 1 μMol POX (≈LD75); groups 1–5 also received 50 μMol TIA at different points in time.

Group 1 (G1): TIA 120 min before POX
Group 2 (G2): TIA 90 min before POX,
Group 3 (G3): TIA 60 min before POX,
Group 4 (G4): TIA 30 min before POX,
Group 5 (G5): TIA & POX simultaneously,
Group 6 (G6): POX only.

The animals were monitored for 48 hours and mortality/survival times were recorded at 30 min, 1, 2, 3, 4, 24 and 48 h. AChE
activities were determined at 30 min, 24 and 48 h in surviving animals.

Statistical analysis was performed on the mortality data, cumulative survival times and enzyme activity data. Mortality data
was compared using Kaplan-Meier plots. Cumulative survival times and enzyme activites were compared using the Mann-
Whitney rank order test. No Bonferroni correction for multiple comparisons was applied and an α ≤ 0.05 was considered
significant.

Results: Mortality is statistically significantly reduced by TIA pre-treatment at all points-in-time. Highest protection is
achieved if TIA is given 90 to 0 min before OPC exposure. The reduction in mortality is not correlated to TIA plasma
levels (Cmax ≈ 120 min post ip-administration). TIA pre-treatment is not affecting AChE activity regardless of the timing of
administration.
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Conclusion: The lack of correlation between TIA plasma levels and degree of mortality reduction as well as the lack of protective
effect on enzyme activity seem to indicate that the site of action of TIA is not the blood. While our hypothesis that TIA would
protect AChE in a pyridostigmine-like manner (via protection of the enzyme) could not be confirmed, the reduction in mortality
with TIA pre-treatment is nevertheless of potential interest. (Mol Cell Biochem 285: 79–86, 2006)
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Introduction

Organophosphorus compounds are widely used serine es-
terase and protease inhibitors. The inhibition of esterases (bu-
tyrylcholine: EC # 3.1.1.8 and acetylcholine: EC # 3.1.1.7)
results from reacting covalently with the active centre serine
[1]. Inhibition of AChE by different agents both acylating i.e.
acting at the esteratic site (nerve agents, organophosphate
pesticides and carbamates) and non-acylating i.e. acting at
various anionic sites (tacrine, atropine) was described in great
detail previously [1, 2].

Paraoxon (POX) and diisopropyl-fluoro-phosphate (DFP)
are examples of OPC compounds with acute toxicities com-
parable to that of nerve agents. The use of these highly
toxic compounds is restricted in most parts of the world.
Despite such regulatory efforts especially POX is still widely
(miss)used.

In 1990 a WHO task group noted that there may be 1
million serious unintentional pesticide poisonings each year
and, on the basis of a survey of self reported minor poisoning,
estimated there may be up to 25 million agricultural workers
in the developing world suffering an episode of poisoning
each year [3].

The effects of poisoning with organophosphorus com-
pounds are well known and have been described extensively
[4–8].

Oximes are the only enzyme reactivators clinically avail-
able [9]. Pralidoxime (PRX) is used as an adjunct to at-
ropine in the treatment of poisoning by most cholinesterase
inhibitors. Clinically while atropine relieves muscarinic
signs and symptoms PRX is supposed to shorten the dura-
tion of the respiratory muscle paralysis by reactivation of
cholinesterases [9]. Clinical experience with PRX (and other
oximes) is disappointing [10, 11].

In addition it is known that oximes are not equally effec-
tive against all existing organophosphorus compounds. There
is a clear demand for ‘broad spectrum’ cholinesterase re-
activators with a higher efficacy than PRX. Over the years
new reactivators of cholinesterase of potential clinical utility
have been developed. Their chemical structures were derived
from those of existing esterase reactivators, especially prali-
doxime, obidoxime and HI-6.

While up to now no clear picture with respect to their
respective abilities to reactivate nerve agent or organophos-
phate inhibited enzymes exists, it seems that the newly syn-

thesized AChE reactivators are superior to the clinically avail-
able oximes pralidoxime and obidoxime [12, 13].

Recently the FDA based on animal experiments, approved
for military combat medical use oral pyridostigmine [3-
hydroxy-methyl-pyridinium bromide dimethyl-carbamate]
for preexposure treatment (minimum 30 min) of nerve agent
soman; the concept is to block the cholinesterase reversibly
using the carbamate pyridostigmine -in order to deny access
to the active site of the enzyme to the irreversible inhibitor
(nerve agent or pesticide) on subsequent exposure (hence pre-
treatment). Pretreatment with oral pyridostigmine followed
by the conventional atropine plus oxime treatment increased
LD50 of soman by at least one order of magnitude as com-
pared to atropine plus oxime. Pyridostigmine pretreatment is
effective only when followed by atropine and oxime; pyri-
dostigmine alone is not effective [14, 15].

Pyridostigmine itself is a fairly potent cholinesterase in-
hibitor with an inhibitory constant K in the low nanomolar
range. The drug does not penetrate into the CNS and the
maximal dose is limited by peripheral side effects [16].

Similar to metoclopramide, tiapride (TIA) is also a weak
inhibitor of cholinesterases [17]. We speculated that a weak
inhibitor of cholinesterases (i.e. TIA) applied at high dose
might offer similar or superior benefits with less side effects.
The concept was previously tested with promising results
both in vitro and in vivo [18–21]. The putative mode of pro-
tective action of TIA – when administered in excess- is com-
petition for the enzyme with the more potent organophos-
phate, so that the enzyme is occupied by the week inhibitor
(benzamide) instead of the potent one (organophosphate) and
thus – less inhibited.

The purpose of the present work was to establish in a
prospective, non-blinded study in a rat model of acute high
dose OPC (paraoxon; POX) exposure the ideal point in time
for TIA pre-treatment administration and to correlate it with
measured TIA plasma levels.

Material and methods

Tiapride assay by HPLC

Instrumentation: HPLC system comprising a Waters 616
pump with a Waters 600S controller, Waters 996 photo-
diode array detector, and Waters 717 + autosampler with
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temperature control (Waters Corporation; Milford, MA,
USA). Peak identification and integration was done using
the millenium software of Waters.

Separation of tiapride (and sulpiride Internal standard)
were effected by a Waterman partisil 10 ODS 2 column, with
a mobile phase comprised of acetonitrile (HPLC grade): 0.1
M ammonium acetate, 94: 6 v/v at a flow rate of 3 mL/min
at a wave length of 250 nm.

Biological samples: Plasma was used to make calibration
standards by spiking it with known amounts of Tiapride dis-
solved in methanol. Internal standard (sulpiride) was dis-
solved in methanol and further dilutions made to give a peak
of considerable peak height and area.

Extraction procedure: 1 ml plasma (calibrator or unknown
samples) was mixed with 1 μg of internal standard (10 μL
of 100 μg/mL solution), and 200 μL of 1 M NaOH solu-
tion and the mixture vortexed mixed for 1 min. To this was
added 3 mL of ethyl acetate: n-butanol mixture (9:1) v/v
and mixed for 10 min in a rotating mixer. Centrifuged in
a refrigerated centrifuge at 4000 rpm for 5 min. The sol-
vent layer aspirated using a micro pipette, evaporated to dry-
ness in a current of nitrogen, and reconstituted in 100 μL of
ethyl acetate and 70 μL injected into the system. Tiapride
and the internal standard eluted at 11.65 min and 12.84 min
respectively.

Linearity: Peak areas showed a linearity from 20–500 ng/mL.
Recovery: Recovery was estimated 62%.
Precision and accuracy of the assay

Intra assay precision:

50 ng/mL cv 4.66% (n = 5)
500 ng/mL cv 4.01% (n = 5)

Interassay precision:

50 ng/mL cv 5.06% (n = 5)
500 ng/mL cv 3.73% (n = 5)

For plasma sampling groups of five rats each were sacrificed
at the 15, 30, 60, 90, 120, 180, 240 and 360 min after TIA ip
injection.

Experimental animals

The original stock of Wistar rats was purchased from Harlan
Laboratories (Harlan Laboratories, Oxon, England). The ani-
mals used in the actual experiments were bred at our own An-
imal Facility from the original stock. All rats were weighing
>200 g and <250 g. The animals were housed in polypropy-
lene cages (43 × 22.5 × 20.5 cm; six rats/cage) in climate and
access controlled rooms (23 ± 1 ◦C; 50 ± 4% humidity). The

day/night cycle was 12 h/12 h. Food and water was available
ad libitum. The food was standard maintenance diet for rats
purchased from Emirates Feed Factory (Abu Dhabi, UAE).

Paraoxon exposure

There were six groups of rats in each cycle of the experi-
ment and each group contained six rats. The procedure was
repeated twelve times (cycles) (n = 72 for each arm; half
male and half female). All substances were applied ip.

All groups (1–6) received 1 μMol POX (≈ LD75); groups
1–5 received in addition 50 μMol TIA at different points in
time.

Group 1 (G1): TIA 120 min before POX
Group 2 (G2): TIA 90 min before POX,
Group 3 (G3): TIA 60 min before POX,
Group 4 (G4): TIA 30 min before POX,
Group 5 (G5): TIA & POX simultaneously,
Group 6 (G6): POX only.

The animals were monitored for 48 h and mortality was
recorded at 30 min, 1, 2, 3, 4, 24 and 48 h.

From surviving animals in three cycles (male and fe-
male rats) blood was taken from the tail vein for red blood
cell acetylcholinesterase (RBC-AChE) measurements at base
line, 30 min, 24 and 48 h.

Statistical analysis

Statistical analysis was performed on the mortality data, cu-
mulative survival times and enzyme activity data. Mortality
data was compared using Kaplan-Meier plots [22]. Cumu-
lative survival times and enzyme activites (expressed as %
baseline activity) were compared using the Mann-Whitney
rank order test [23]. The cumulative survival time is the sum-
mation of all survival times within one group of experimental
animals. Essentially by multiplying the number of survivors
with the respective time point conversion of yes vs. no type
of information (dead vs. alive) to quantitative information is
achieved. No Bonferroni correction for multiple comparisons
was applied and an α ≤ 0.05 was considered significant.

Chemicals

POX stock solution (100 mM/L) was prepared in dry ace-
tone. Working solution for ip application was prepared ex
tempore by diluting stock solution with saline. TIA 100
mM/L solution in saline was used. POX and TIA were pur-
chased from Sigma-Aldrich Chemie (Sigma-Aldrich Chemie
GmbH, Steinheim, Germany).
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RBC AChE activity
Enzyme activity was measured in diluted whole blood sam-
ples in the presence of the selective butyryl-cholinesterase
inhibitor ethoproprazine as previously described [24]. The
assay which is based on Ellman’s method, measures the
reduction of Dithiobis-Nitrobenzoic Acid (DTNB) to ni-
trobenzoate (TNB−) by thiocholine, the product of acetylth-
iocholine hydrolysis [25]. Freshly drawn venous blood sam-
ples were diluted in 0.1 M phosphate buffer (pH 7.4) and
incubated with DTNB (10 mM) and ethopropazine (6 mM)
for 20 min at 37 ◦C prior to addition of acetylthiocholine.
The change in the absorbance of DTNB was measured at
436 nm. The AChE activity was calculated using an absorp-
tion coefficient of TNB− at 436 nm (ε = 10.6 mM−1 cm1).
The values were normalized to the hemoglobin (Hb) con-
tent (determined as cyanmethemoglobin) and expressed as
mU/μmol/Hb [26]. All enzyme activities were expressed as
percentage of the baseline activity (100%).

Results

TIA plasma levels (HPLC)

Following ip administration of 50 μMol TIA in rats Cmax is
reached after 120 min (tmax) (Fig. 1).

Mortality

Table 1 summarizes the mortality results in the different
groups. Mortality occurred mainly in the first 30 min after

Fig. 1. Plasma tiapride levels: Following ip administration of 50 μMol of tiapride i.p. in rats Cmax is reached after ≈120 min (tmax). The result is consistent

with previously published data [21].

POX application with minimal changes occuring thereafter.
Mortality is statistically significantly reduced by TIA pre-
treatment at all points-in-time. Highest protection is achieved
if TIA is given 90 to 0 min before OPC exposure. The reduc-
tion in mortality is not correlated with TIA plasma levels
(Cmax 120 min post-administration). Figure 2 shows Kaplan-
Meier plots based on mortality data from Table 1.

Cumulative survival times

Table 2 summarizes the cumulative survival times in the dif-
ferent groups. Cumulative survival times are statistically sig-
nificantly prolonged by TIA pre-treatment at all points-in-
time. An increase in cumulative survival times can be inter-
preted as the consequence of TIA conferred protection.

RBC-AChE

Table 3 summarizes the enzyme activity results in the differ-
ent groups. TIA pre-treatment is not affecting AChE inhibi-
tion bv POX.

Discussion

PRX and related oxime class reactivators are used to treat
poisoning by certain cholinesterase inhibitors. Recently pub-
lished consensus guidelines for stocking emergency antidotes
in the US recommend stocking PRX in every hospital at
tremendous costs [27].
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Table 1. Mortality results in the different groups. Mortality occurred mainly in the first 30 min after POX application with minimal changes occurring

thereafter. Mortality is statistically significantly reduced by TIA pre-treatment if TIA is given 90 to 0 min before OPC exposure. The reduction in mortality

is not correlated to TIA plasma levels (maximum 120 min post-administration)

30 min 01 hrs 2 hrs 3 hrs 4 hrs 24 hrs 48 hrs

Group 1 (G1): TIA 120 min before POX

Mean% ± SD 38 ± 27 60 ± 23 61 ± 22 61 ± 22 61 ± 22 61 ± 22 61 ± 22

95% CI 21–55 45–74 47–75 47–75 47–75 47–75 47–75

Absolute no. 27/72 43/72 44/72 44/72 44/72 44/72 44/72

Group 2 (G2): TIA 90 min before POX

Mean% ± SD 40 ± 30 50 ± 30 50 ± 30 50 ± 30 50 ± 30 53 ± 30 53 ± 30

95% CI 21–59 31–69 31–69 31–69 31–69 34–72 34–72

Absolute no. 29/72 36/72 36/72 36/72 36/72 38/72 38/72

Group 3 (G3): TIA 60 min before POX

Mean% ± SD 42 ± 22 50 ± 27 50 ± 27 51 ± 29 51 ± 29 53 ± 28 53 ± 28

95% CI 28–56 33–67 33–67 33–70 33–70 35–71 35–71

Absolute no. 30/72 36/72 36/72 37/72 37/72 38/72 38/72

Group 4 (G4): TIA 30 min before POX

Mean% ± SD 39 ± 20 46 ± 20 49 ± 18 49 ± 18 49 ± 18 50 ± 19 50 ± 19

95% CI 26–52 33–59 37–60 37–60 37–60 38–62 38–62

Absolute no. 28/72 33/72 35/72 35/72 35/72 36/72 36/72

Group 5 (G5): TIA & POX simultaneously

Mean% ± SD 42 ± 23 51 ± 21 51 ± 21 51 ± 21 51 ± 21 51 ± 21 51 ± 21

95% CI 27–56 36–64 36–64 36–64 36–64 36–64 36–64

Absolute no. 30/72 36/72 36/72 36/72 36/72 36/72 36/72

Group 6 (G6): POX only

Mean% ± SD 71 ± 16 72 ± 16 74 ± 16 74 ± 16 74 ± 16 74 ± 16 74 ± 16

95% CI 61–81 62–83 62–85 62–85 62–85 62–85 62–85

Absolute no. 51/72 52/72 53/72 53/72 53/72 53/72 53/72

However the clinical experience with PRX is mixed. A re-
cently published review of the topic offers a balanced view on
the use of oxime reactivators by alluding to the “disappoint-
ment” clinicians have experienced while using oximes and
their hope that higher concentrations might be more effective
(by increasing the measurable esterase activity) [9].

Recently the FDA approved oral pyridostigmine [3-
hydroxy-methyl-pyridinium bromide dimethyl-carbamate]
for preexposure treatment of some nerve agents; the con-
cept is to block the cholinesterase reversibly using the carba-
mate PSTG in order to deny access to the active site of the
enzyme to the irreversible imhibitor (nerve agent) on subse-
quent exposure (hence pretreatment). Pretreatment with oral
pyridostigmine followed by the conventional atropine plus
oxime treatment increased LD50 of soman by at least one or-
der of magnitude as compared to atropine plus oxime. Pyri-
dostigmine pretreatment is effective only when followed by
atropine and oxime; pyridostigmine alone is not effective [14,
15].

Pyridostigmine is a fairly potent cholinesterase inhibitor
with an inhibitory konstant K in the low nanomolar range.

The drug does not penetrate into the CNS and the maximal
dose is limited by peripheral side effects [16]. We speculated
that a weak inhibitor of cholinesterases applied at high dose
might offer similar or superior benefits with less side effects.

The concept was previously tested by us using a variety
of weak cholinesterase inhibitors including tiapride both in
vitro and in vivo with promising results [18–21, 28, 29].

The methods used to generate the presented work can be
criticized on the basis that they are not a true reflection of
clinical/battle field practice:

Intraperitoneal (ip) administration of drugs: The intraperi-
toneal route of drug administration is not used in the clinical
or combat zone setting. Therfore it can be argued that oral
or subcutaneous administration would have been closer to
reality and thus superior. The submitted work is based on the
hypothesis that maximal protective action of the pre-exposure
drug (TIA) is obtained when Cmax is concomitant with the
exposure to the ChE inhibitor (POX). The route of administra-
tion per se was not considered as being relevant as long as the
above-mentioned condition was met. The ip route was chosen
for practicability reasons. We had difficulty with intragastric
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Fig. 2. Kaplan-Meier plots: Mortality is statistically significantly reduced by TIA pre-treatment at all points-in-time. Highest protection is achieved if TIA is

given 90 to 0 min before OPC exposure.

administration (esophageal lesions in animals) and in addi-
tion the effect of a low gastric pH on the OPC was not quan-
tifiable. Subcutaneous administration was also rejected due
to unpredictable absorption from the site especially under

Table 2. Cumulative survival times: Cumulative survival times are statisti-

cally significantly prolonged by TIA pre-treatment at all points-in-time

Groups
∑

survival time

G-1 Mean% ± SD 6765 ± 3746

TIA 120 min 95% CI 4385–9145

before POX P value 0.045

G-2 Mean% ± SD 8218 ± 5160

TIA 90 min 95% CI 4939–11496

before POX P value 0.039

G-3 Mean% ± SD 8205 ± 4857

TIA 60 min 95% CI 5119–11291

before POX P value 0.019

G-4 Mean% ± SD 8683 ± 3233

TIA 30 min 95% CI 6628–10737

before POX P value 0.0003

G-5 Mean% ± SD 8435 ± 3559

TIA & POX 95% CI 6174–10696

simultaneously P value 0.004

G-6 Mean% ± SD 4568 ± 3111

POX only 95% CI 2591–6544

conditions of hemodynamic instability, which were expected
subsequent to OPC exposure.

TIA administration concomitant with POX: Pre-exposure
drugs must be administered in advance in order to work.
Therefore it can be argued that concomitant administration
of TIA and POX should have not been looked at. Indeed
the package insert for PSTG states “Pyridostigmine must not
be taken after exposure to Soman. If pyridostigmine is taken
immediately before exposure (e.g., when the gas attack alarm
is given) or at the same time as poisoning by soman, it is not
expected to be effective, and may exacerbate the effects of a
sub-lethal exposure to soman”.

In real life however the luxury of advanced warning might
be elusive and therefore it appears highly likely that more
often than not quasi-simultaneous administration will occur.
As such we consider the data derived from animals receiving
TIA and PSTG quasi-simultaneously valuable. The results
underscore the necessity of sufficient time-interval between
preexposure-drug (pyridostigmine or TIA and organophos-
phorus compound (soman or POX).

Choice of TIA dose: The choice of TIA dose of 50μMol/rat
is arbitrary. TIA is an extremely safe drug with an exception-
ally wide safety margin. In rats daily ip administration of up
to 200 μMol were comfortably tolerated with no signs of ap-
parent distress. The dose used (50 μMol per rat) was indeed
chosen somewhat arbitrarily at 20% of LD10 (≈250 μMol
per rat). The advantage of using 50 μMol substance per rat
is that it allows easy comparison with prior in vivo work.
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Table 3. AChE activities: TIA pre-treatment is not affecting AChE activity

regardless of the timing of administration

30 min 24 h 48 h

Group 1 (G1): TIA 120 min before POX

Mean% ± SD 18 ± 18 48 ± 24 59 ± 20

95% CI 9–26 33–63 47–72

n 19 12 12

p value 0.282 0.758 1.00

Group 2 (G2): TIA 90 min before POX

Mean% ± SD 22 ± 18 50 ± 21 65 ± 22

95% CI 15–29 40–61 54–74

n 29 18 18

p value 0.901 0.978 0.580

Group 3 (G3): TIA 60 min before POX

Mean% ± SD 22 ± 20 52 ± 15 73 ± 23

95% CI 13–30 43–61 60–87

n 23 14 14

p value 0.720 0.657 0.206

Group 4 (G4): TIA 30 min before POX

Mean% ± SD 26 ± 25 62 ± 28 76 ± 38

95% CI 16–36 47–77 56–95

n 25 17 17

p value 0.758 0.198 0.431

Group 5 (G5): TIA & POX simultaneously

Mean% ± SD 24 ± 18 54 ± 20 70 ± 25

95% CI 16–32 43–65 54–84

n 22 15 14

p value 0.486 0.583 0.453

Group 6 (G6): POX only

Mean% ± SD 17 ± 10 47 ± 14 60 ± 19

95% CI 12–23 36–59 44–75

n 15 8 8

The main results of the presented work can be summarized
as follows:

• Mortality is significantly reduced by TIA pre-treatment if
TIA is given 90 to 0 min before OPC exposure. High-
est protection is achieved if TIA is given 30 to 0 min
before OPC exposure. The reduction in mortality is not
correlated to TIA plasma levels (maximum 120 min post-
administration).

• TIA pre-treatment is not affecting AChE activity regardless
of the timing of administration.

The putative mode of protective action of tiapride –when
administered in excess- was assumed to be competition for
the enzyme with the more potent inhibitor (benzamide) in-
stead of the potent one (organophosphate organophosphate,
so that the enzyme is occupied by the weak) and thus – less

inhibited. This original assumption is not supported by the
results of the present study. While the protective effect of
TIA (as described by us previously) was confirmed no effect
of TIA on RBC AChE activity could be demonstrated and
the reduction in mortality did not correlate with TIA plasma
levels.

In light of these findings the demonstrated reduction in
mortality is difficult to satisfactorly explain by the original
assumption. Since it is also unlikely that TIA reduces mor-
tality by an anti-seizure CNS effect at the moment we cannot
offer an explanation for the mechanism of action [30–32].
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