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ACUTE EXPERIMENTAL TABUN-INDUCED 
INTOXICATION AND ITS THERAPY IN RATS
Krejčová G., Kassa J.
Department of Toxicology, Purkyně Military Medical Academy, Hradec Králové, Czech Republic

SUMMARY
Pharmacological pretreatment and antidotal treatment on tabun-induced neurotoxicity were studied in male albino rats that were poisoned with 

a lethal dose of tabun (280 µg/kg i.m.; 100% of LD50 value) and observed at 24 hours and 7 days following tabun challenge. The neurotoxicity of 
tabun was evaluated using a Functional observational battery and an automatic measurement of motor activity.

Pharmacological pretreatment as well as antidotal treatment were able to reverse most of tabun-induced neurotoxic signs observed at 24 hours 
following tabun poisoning. However, there was not significant difference between the efficacy of profylaxis and antidotal treatment to eliminate 
tabun-induced neurotoxicity. The combination of profylactic pretreatment and antidotal treatment seems to be slightly more effective in the elimina-
tion of tabun-induced neurotoxicity in rats at 24 hours following tabun challenge in comparison with the administration of profylactic pretreatment 
or antidotal treatment alone. At 7 days following tabun poisoning, very few neurotoxic signs in tabun-poisoned rats were observed regardless of 
administration of pharmacological pretreatment or antidotal treatment.

Thus, our findings confirm that the combination of pharmacological pretreatment and antidotal treatment is not only able to protect the experi-
mental animals from the lethal effects of tabun but also to eliminate most of tabun-induced signs of neurotoxicity in tabun-poisoned rats.
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INTRODUCTION

Development of the inactivation of extremely toxic organophos-
phorus compounds (nerve agents) has become a subject of major 
importance in connection with international events of the recent 
years. Nerve agents effect is related to their potency to irrever-
sibly inhibit acetylcholinesterase (AChE, EC 3.1.1.7), the enzyme 
responsible for the regulation of neurotransmitter acetylcholine 
(ACh) concentration at cholinergic synapses (1). The inhibition 
of AChE induces a major increase in ACh level in the choliner-
gic nervous system producing muscle fasciculations, respiratory 
distress and epileptic fits leading to the generalized seizures. In 
surviving animals, the seizures lead to severe incapacitation and to 
irreversible brain damage with lesions especially in hippocampus, 
piriform cortex and other cortical structures (2, 3).

The current antidotal treatment of nerve agent-induced acute 
poisoning usually consists of anticholinergic drugs to antagonize 
the effects of ACh excess at cholinergic receptor sites and oximes 
to reactivate nerve agent-inhibited AChE (4). Unfortunately, some 
organophosphates were found to be resistant to standard antidotal 
treatment. One of the most resistant organophosphorus compound 
is tabun (ethyl-N,N-dimethyl phosphoramidocyanidate). Its de-
leterious effects are extraordinarily difficult to counteract because 
of the existence of a free electron pair located on amidic nitrogen 
that makes the nucleophilic attack of oximes almost impossible 
(5). According to various studies, obidoxime has higher reactiva-
ting efficacy for tabun-inhibited AChE than currently used oximes 
such as pralidoxime and HI-6 (6).

The relatively unsatisfactory treatment available for acute 
nerve agent poisoning has prompted studies of pretreatment pos-

Cent Eur J Publ Health 2004; 12, Suppl, p. S48–S52



S48 S49

Ma
rk

er
Sc

or
ed

 va
lue

s o
nly

-2
-1

0
1

2
3

4
5

6
7

Po
stu

re
sit

tin
g o

r s
tan

din
g

rea
rin

g
as

lee
p

fla
tte

ne
d

lyi
ng

 on
 si

de
cro

uc
he

d 
ov

er
he

ad
 bo

bb
ing

Ca
tch

 di
ffic

ult
y

pa
ss

ive
no

rm
al

ele
va

ted
 ac

tiv
ity

flig
ht

es
ca

pe
ag

grr
es

sio
n

Ea
se

 of
 ha

nd
lin

g
pa

ss
ive

no
rm

al
mo

de
rat

ely
 di

ffic
ult

dif
fic

ult

Mu
sc

ula
r to

nu
s

ato
nia

hy
po

ton
ia

no
rm

al
hy

pe
rto

nia
rig

idi
ty

fas
cic

ula
tio

ns
La

cri
ma

tio
n

no
ne

sli
gh

t
se

ve
re

cru
sta

co
lou

red
 cr

us
ta

Pa
lpe

bra
l c

los
ure

op
en

sli
gh

tly
 dr

oo
pin

g
ha

lf-w
ay

 dr
oo

pin
g

co
mp

let
ely

 sh
ut

pto
sis

En
do

-ex
op

hth
alm

us
en

do
no

rm
al

ex
o

Fu
r a

bn
orm

ali
tie

s
no

rm
al

co
lou

red
tou

sle
d

co
lor

.+t
ou

sl.
bla

ze
inj

ury
oth

er 
ch

an
ge

s
pil

oe
rec

tio
n

Sk
in 

ab
no

rm
ali

tie
s

no
rm

al
pa

le
ery

the
ma

cy
an

os
is

pig
me

nte
d

co
ld

inj
ury

Sa
liv

ati
on

no
ne

sll
igh

t
se

ve
re

No
se

 se
cre

tio
n

no
ne

sli
gh

t
se

ve
re

co
lou

red
Cl

on
ic 

mo
ve

me
nts

no
rm

al
rep

eti
tiv

e m
ov

em
en

ts 
of 

mo
uth

 an
d j

aw
s

no
nrh

yth
mi

c q
uiv

ers
mi

ld 
tre

mo
rs

se
ve

re 
tre

mo
rs

my
oc

lon
ic 

jer
ks

clo
nic

 co
nv

ul-
sio

ns
we

t d
og

 sh
ak

es

To
nic

 m
ov

em
en

ts
no

rm
al

co
ntr

ac
tio

n o
f e

xte
n-

so
rs

op
ist

ho
ton

us
em

pro
sth

oto
nu

s
ex

plo
siv

e j
um

ps
ton

ic 
co

nv
uls

ion
s

Ga
it

no
rm

al
ata

xia
ov

erc
om

pe
ns

ati
on

 of
 

hin
dli

mb
s m

ov
em

en
ts

fee
t p

oin
t o

utw
ard

s 
fro

m 
bo

dy
for

eli
mb

s a
re 

ex
ten

de
d

wa
lks

 on
 tip

toe
s

hu
nc

he
d b

od
y

bo
dy

 is
 fla

tte
ne

d 
ag

ain
st 

su
rfa

ce
At

ax
ia

no
ne

sli
gh

t
se

ve
re

Ga
it s

co
re

no
rm

al
sli

gh
tly

 im
pa

ire
d

so
me

wh
at 

im
pa

ire
d

tot
all

y i
mp

air
ed

 

Mo
bil

ity
 sc

ore
no

rm
al

sli
gh

tly
 im

pa
ire

d
so

me
wh

at 
im

pa
ire

d
tot

all
y i

mp
air

ed
 

Ar
ou

sa
l (l

ev
el 

of 
un

pro
-

vo
ke

d a
cti

vit
y)

ve
ry 

low
sp

ora
dic

red
uc

ed
no

rm
al

en
ha

nc
ed

pe
rm

an
en

t

Te
ns

ion
no

ne
pa

rtia
l (e

ars
)

stu
po

r
St

ere
oty

py
no

ne
he

ad
 w

ea
vin

g
bo

dy
 w

ea
vin

g
gro

om
ing

cir
cli

ng
oth

ers

Biz
arr

e b
eh

av
ior

no
ne

he
ad

bo
dy

se
lf-m

uti
lat

ion
ab

no
rm

al 
mo

ve
-

me
nts

oth
ers

Ap
pro

ac
h r

es
po

ns
e

no
 re

ac
tio

n
no

rm
al

fre
ez

e
en

erg
eti

c r
ea

cti
on

ex
ag

ge
rat

ed
 re

ac
tio

n

Ta
ble

 1.
 F

un
cti

on
al 

Ob
se

rva
tio

na
l B

att
er

y (
FO

B)

to 
be

 co
nti

nu
ed

…



S50 S51

Ta
ble

 1.
 F

un
cti

on
al 

Ob
se

rva
tio

na
l B

att
er

y (
FO

B)
 – 

co
nti

nu
ed

To
uc

h r
es

po
ns

e
no

 re
ac

tio
n

no
rm

al
fre

ez
e

en
erg

eti
c r

ea
cti

on
ex

ag
ge

rat
ed

 re
ac

tio
n

Cl
ick

 re
sp

on
se

no
 re

ac
tio

n
no

rm
al

fre
ez

e
en

erg
eti

c r
ea

cti
on

ex
ag

ge
rat

ed
 re

ac
tio

n

Ta
il -

 pi
nc

h r
es

po
ns

e
no

 re
ac

tio
n

no
rm

al
fre

ez
e

en
erg

eti
c r

ea
cti

on
ex

ag
ge

rat
ed

 re
ac

tio
n

Pu
pil

 si
ze

mi
os

is 
co

n-
sid

era
ble

mi
os

is 
sli

gh
t

no
rm

al
my

dri
as

is 
sli

gh
t

my
dri

as
is 

co
ns

ide
rab

le

Pu
pil

 re
sp

on
se

no
 re

ac
tio

n
no

rm
al 

rea
cti

on

Ri
gh

tin
g r

efl
ex

no
rm

al
sli

gh
tly

 un
co

ord
in.

lan
ds

 on
 si

de
lan

ds
 on

 ba
ck

ris
e f

rom
 ba

ck
 sp

on
ta-

ne
ou

sly
ris

e f
rom

 ba
ck

 
wi

th 
sti

mu
lus

no
 re

ac
tio

n

sibilities that allow survival and increase resistance of organisms 
exposed to nerve agents. Currently used method of protection 
against nerve agent poisoning is the use of pyridostigmine bro-
mide, a reversible carbamate AChE inhibitor in combination with 
anticholinergic drugs benactyzine (BNZ) and trihexyphenidyle 
(THP), designated PANPAL, has been developed in the CR and 
introduced to the Czech Army (7). 

The aim of this study was to evaluate the neuroprotective ef-
fects of pharmacological pretreatment PANPAL with or without 
antidotal treatment consisting of obidoxime and atropine in 
tabun-poisoned rats.

METHODS

Animals used in our experiments were male albino Wistar rats 
weighing 180-220g purchased from Konárovice (CR). They were 
kept in an air-conditioned room and allowed to access to standard 
food and tap water ad libitum. The rats were divided into groups 
of ten animals (n=10). Handling of the experimental animals was 
done under the supervision of the Ethics Committee of the Medi-
cal Faculty of Charles University and Purkyne Military Medical 
Academy in Hradec Králové (CR).

Tabun of 89.25% purity was obtained from Military Technical 
Institute in Brno (CR). The oxime was synthesised at the Department 
of Toxicology of the Military Medical Academy and was 98% pure. 
All other chemicals and drugs of analytical grade were obtained 
commercially and used without further purification. Pyridostigmine 
(5.82 mg/kg of body weight) in combination with BNZ (70 mg/kg of 
body weight) and THP (16 mg/kg of body weight) was administered 
perorally (p.o.) as solution in distilled water (0.2 ml/100g of body 
weight) 120 min before intramuscular (i.m.) tabun challenge at a 
lethal dose (280 µg/kg b.w. – LD50). Antidotal treatment (obidoxime 
in combination with atropine) was carried out by i.m. injection 1 min 
following tabun administration. The doses of obidoxime (3.2 mg/kg 
of body weight) and anticholinergic drug atropine (25.2 mg/kg of 
body weight) correspond to human-relevant doses (2% of their LD50) 
(8, 9). The neurotoxicity of tabun was monitored using the method 
Functional Observational Battery (FOB) at 24 hours and 7 days fol-
lowing tabun poisoning. The evaluated markers of tabun-induced 
neurotoxicity in experimental animals were compared to the para-
meters obtained from control rats, administered with saline instead 
of tabun and antidotes at the same volume (0.1 ml/100 g b. w.). 

The FOB consists of 40 measures of sensory, motor and auto-
nomic functions (Table 1) (10). Motor activity data were collected 
shortly after FOB testing, using an apparatus for testing of a 
spontaneous motor activity of laboratory animals (constructed in 
Purkyně Military Medical Academy, Hradec Králové, CR).

Statistical analyses were performed on a PC with a special in-
teractive programme NTX (11). The differences were considered 
significant when p<0.05.

RESULTS

The list of the evaluation results of tabun-induced neurotoxicity is 
recorded in Table 2. The evaluation of tabun-induced neurotoxic 
signs at 24 hours following intoxication proved significant altera-
tion of 29 observed parameters (Table 2). All three combinations 
of protection of tabun-poisoned rats brought marked improvement 
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24 hours Controls Tabun Panpal+Tabun Tabun + A +   
Obidoxime

Panpal+Tabun + A 
+ Obidoxime

No Marker x/M ±s x/M ±s x/M ±s x/M ±s x/M ±s
1 posture 1.00 3.00 1.00 1.00 3.00
2 catch difficulty 2.00 1.00*** 2.00 1.00*** 2.00
3 ease of handling 2.00 1.00*** 2.00 2.00 2.00
4 muscular tonus 0.00 -1.00*** -1.00*** 0.00 1.00*
5 lacrimation 0.00 4.00* 0.00 0.00 0.00
6 palpebral closure 1.00 1.00* 1.00 1.00 1.00
7 endo-exophthalmus 0.00 0.00 0.00 0.00 0.00
8 fur abnormalities 0.00 0.00* 0.00 0.00 0.00
9 skin abnormalities 0.00 0.00* 0.00 0.00 0.00
10 salivation 0.00 1.00*** 0.00 0.00 0.00
11 nose secretion 0.00 3.00*** 0.00 0.00 0.00
12 rearing 11.60 6.57 2.43*** 2.51 3.30*** 0.00 6.00* 3.59 1.90*** 2.08
13 urination 0.00 0.00 0.00 0.00 0.00
14 defecation 1.00 0.00*** 1.00 0.00*** 1.00
15 clonic movements 0.00 0.00* 0.00 0.00 0.00
16 tonic movements 0.00 0.00* 0.00 0.00 0.00
17 gait 0.00 6.00*** 1.00*** 0.00 1.00*
18 ataxia 0.00 2.00*** 1.00*** 0.00 0.00
19 gait score 1.00 3.00*** 2.00*** 1.00 2.00*
20 mobility score 1.00 2.00* 1.00 1.00 1.00
21 arousal 4.00 4.00 2.00* 4.00 4.00
22 tension 0.00 0.00 0.00 0.00 0.00
23 stereotypy 0.00 0.00 0.00 0.00 0.00
24 bizzare behavior 0.00 0.00 0.00 0.00 0.00
25 approach response 2.00 1.00*** 2.00 2.00 2.00
26 touch response 1.00 1.00 1.00 1.00 1.00
27 click response 2.00 2.00 2.00 2.00 2.00
28 tail-pinch response 2.00 2.00 1.00 2.00 2.00
29 pupil size 0.00 0.00* 0.00 0.00 0.00
30 pupil response 1.00 0.50* 1.00 1.00 1.00
31 righting reflex 1.00 1.00* 1.00 1.00 1.00
32 landing foot splay (mm) 94.80 15.75 43.00*** 30.25 84.35 16.55 82.1* 10.06 87.30 17.70
33 forelimb grip strength (kg) 2.26 0.74 1.43*** 1.20 2.68 0.47 2.05 0.51 2.34 0.63
34 hindlimb grip strength (kg) 1.04 0.20 0.74*** 0.65 0.89 0.22 0.76*** 0.12 0.29 0.89
35 grip strength of all limbs (kg) 5.63 0.72 2.64*** 1.79 5.22 0.55 4.63*** 0.63 4.73** 0.61
36 food receiving (%) 100.00 0.00 50.00*** 0.00 95.00* 5.27 100.00 0.00 100.00 0.00
37 body weight (g) 221.90 16.43 193.57** 14.36 221.80 7.41 216.40 10.45 223.10 12.68
38 body temperature (oC) 37.61 0.42 37.22* 0.20 37.87 0.24 37.20* 0.36 37.84 0.41
39 vertical activity         78.00 44.56 3.00*** 6.03 40.90* 27.82 23.30*** 24.21 12.70*** 13.35
40 horizontal activity 320.70 90.60 38.57*** 50.22 200.60* 104.41 156.9*** 81.38 115.20*** 78.17
41 total motor activity (No/10 min.) 398.70 130.20 41.57*** 55.79 241.50* 129.77 180.20*** 102.40 127.90*** 89.22

n=10 n=7 n=10 n=10 n=10

Table 2. The values of tabun-induced neurotoxic markers (x ± s) measured at 24 hours following tabun challenge by FOB

No 1-30 – scored values, No 31-40 – values in absolute units. Statistical significance: * p < 0.05; ** p < 0.01; *** p < 0.005 (comparison with the control values).
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in the most of altered parameters. Rats pretreated by PANPAL 
and treated by atropine in combination with obidoxime showed 
the best protection from tabun-induced neurotoxicity compared 
to other groups at 24 hours following tabun challenge. The com-
bination of PANPAL pretreatment and antidotal treatment was 
able to eliminate the most of tabun-induced signs of neurotoxicity 
(Table 2). 

The change in mobility score, a decrease in the distance 
between hindpaws after a jump and a decrease in forelimb grip 
strength in tabun-poisoned rats were only observed at 7 days 
following tabun administration. Almost all signs of tabun-indu-
ced neurotoxicity were eliminated by PANPAL pretreatment as 
well as by antidotal treatment with atropine in combination with 
obidoxime.

DISCUSSION

PANPAL seems to be sufficiently effective pretreatment of ta-
bun-exposed laboratory animals. The similar beneficial effect of 
PANPAL was also observed in the case of experimental soman 
poisoning. The beneficial effect of PANPAL is probably caused not 
only by pyridostigmine-induced protection of peripheral AChE 
from irreversible inhibition by nerve agents but also by anticholin-
ergic drug-induced decrease in the cholinergic and stress causing 
effects of nerve agents (12). Therefore, the ability of PANPAL 
to increase the neuroprotective effects of antidotal treatment of 
acute tabun poisoning may be expected.

According to our results, PANPAL was found to be suitable 
pharmacological pretreatment of tabun exposure and beneficial to 
be combined with antidotal treatment to counteract tabun-induced 
toxic effect. Our findings tally with the previous study where 
PANPAL was presented to be effective in enhancing the efficacy of 
antidotal treatment to protect experimental animals poisoned with 
lethal doses of tabun (9). Thus, PANPAL seems to be effective to 
reduce signs of nerve agent-induced neurotoxicity not only in the 
case of soman poisoning but also in the case of tabun poisoning. 

Therefore, it should be considered as means for the currently used 
pretreatment of the nerve agent poisoning, especially in the case 
of the threat of exposure to soman or tabun.
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