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The treatment of delayed polyneuropathy induced by diisopropylfluoro-
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This study was undertaken to examine the influence of atropine, oximes and benzodiazepine on organophosphate-induced
delayed polyneuropathy (OPIDP) in hens, which were poisoned with diisopropylfluorophosphate (DFP). The birds were
treated with a standard neuropathic dose of DFP (1.1 mg/kg, sc), which produced typical signs of OPIDP. The develop-
ment of OPIDP was observed within the followings 22 days. All drugs were given subcutaneously (sc), intramuscularly
(im) or intraperitoneally (ip), 20 min before the poison. The results obtained have shown that atropine (20 mg/kg, ip) only
in combination with oxime TMB-4 (15 mg/kg, im) produced significant improvement of OPIDP symptoms in comparison
with positive control. Clinical signs and symptoms of OPIDP in the group which was treated with atropine (20 mg/kg,
ip), TMB-4 (15 mg/kg, im) and midazolam (2.5 mg/kg, im) were more improved than that in the presence of a combina-
tion of atropine and TMB-4. The results of these experiments have shown that it is possible to prevent the development
of DFP-induced OPIDP in hens by treatment with atropine and TMB-4 or atropine, TMB-4 and midazolam when given

before DFP.

1. Introduction

Organophosphorus (OP) compounds cause two major
toxic effects. The first is the well-known acute neurotoxic
effect during the cholinergic phase of OP poisoning. The
second is called organophosphate-induced delayed poly-
neuropathy (OPIDP) usually manifested as distal motor
polyneuropathy [1—4]. OPIDP is thought to be initiated
by inhibition of more than 70% of nerve enzyme neuropa-
thy target esterase (NTE) and intramolecular rearrange-
ment of the phosphorylated NTE called aging [1, 3, 4].
Clinical signs and symptoms of OPIDP in humans and
susceptible animal species (hen is the most sensitive) are
incoordination, ataxia, spasticity and flaccid paralysis de-
veloping distally in the hind limbs and eventually spread-
ing to the fore limbs [5—8]. These signs occur two to four
weeks after OP dosing.

Previous studies have shown that prophylactic use of inhi-
bitory phosphinates and related compounds [9], several
corticosteroids [10], nicotinic acid derivatives [11, 12],
verapamil [7, 13] and phenobarbital [14], partially or com-
pletely prevent the development of OPIDP. There no lit-
erature data about an effect of simultaneous applied anti-
cholinergics, oximes and benzodiazepines on OPIDP in
hens. Our previous results had shown that the anticholiner-
gic atropine and the oxime TMB-4 were successful in de-
creasing the rate of aging of inhibited NTE in vitro. Thus
we examined the influence of those drugs and others
which were used for the treatment of neuronal distur-

Table 1: Effect of atropine, DAM, HI-6, PAM-2 and TMB-4
on DFP-induced development of OPIDP in hens

Group Treatment Mean + SEM* nd
I Positive control® 5+1 9
1I Atropine + DAM + DFP 4 £ 2 6
1 Atropine + HI-6 + DFP 5+2 6
v Atropine + PAM-2 + DFP 5 £ 2 6
\ Atropine + TMB-4 + DFP¢ 3 £ 1 8

bances such as benzodiazepines, on OPIDP in hens which
were poisoned with diisopropylfluorophosphate (DFP).

2. Investigations and results

In all positive control groups of hens, clinical signs of
OPIDP developed 8 days following administration of the
poison. OPIDP progressed in severity over the next period
until day 22, and at the end of experiment the effect could
be graded as 5 (Tables 1, 2).

Following the administration of atropine (20 mg/kg, ip)
and the oximes: diacetylmonoxime (DAM) (30 mg/kg,
im), HI-6 (100 mg/kg, im) and pralidoxime (PAM-2)
(100 mg/kg, im), there were no significant changes. But in
the group treated with the combination of atropine and
oxime trimedoxime (TMB-4) (15 mg/kg, im), (group V,
Table 1), the signs of OPIDP were significantly improved
and graded as 3 (Table 1).

In the experiments where we examined the influence of
midazolam (25 mg/kg, im) in the presence of atropine
(20 mg/kg, ip) and TMB-4 (15 mg/kg, im), on poisoned
hens, the improvement of clinical evidence of OPIDP was
significant and greater than that in the presence of combi-
nation of atropine (20 mg/kg, ip) and TMB-4 (15 mg/kg,
im), compared to positive control (Table 2). Clinical signs
and symptoms of OPIDP in the group, which was treated
with atropine/TMB-4/midazolam combination (group III),
were graded as 2 (Table 2).

Table 2: Effect of atropine, TMB-4 and midazolam on DFP-
induced development of OPIDP in hens

Group Treatment Mean + SEM?* nd
1 Positive control® 5+2 9
I Atropine + TMB-4 + DFP¢ 3 + 1 8
1 Atropine + TMB-4 + 2+ 1 6

midazolam + DFP¢

¢ Clinical evaluation was blindly performed on each hen daily for 22 days according to
the 8-point scale [23], where O represents normal gait and 8 total paralysis

b Positive control hens were treated with atropine and physostigmine before dosing DFP
in order to overcome acute effects of DFP poisoning

¢P < 0.05 compared to the control

9N represents the number of hens in each group
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3. Discussion

It has been shown that pralidoxime (PAM-2) and atropine
have no effect on the development of delayed neurotoxic
signs in chickens after poisoning with DFP [15]. In accord-
ance with this, significant changes in OPIDP after applied
combination of atropine and PAM-2 were not seen after
poisoning with DFP. Similarly, we have shown that
neither the combination of atropine and HI-6 nor the com-
bination of atropine and DAM had any effect on OPIDP.
On the contrary, only the combination of atropine and
TMB-4 gave a significant improvement in clinical evi-
dence of OPIDP. These findings were not unexpected
since our previous in vitro investigation indicated that the
combination of atropine and oxime TMB-4 was the most
effective one in decreasing the rate of aging on DFP-in-
hibited NTE. The effect was concentration-dependent [16,
17]. A possible explanation for this effect of atropine and
TMB-4 is that atropine alters the conformation of NTE as
a protein, which makes TMB-4 approach to active site of
NTE, and aging of NTE is retarded and decreased. In this
way the clinical impression of OPIDP was improved.

In the present experiments a better protective effect was
achieved with the former combination plus the benzodi-
azepine, midazolam. Similarly, Bokonji¢ [18] found a very
good protection, upon acute poisoning with OP compound
VX in rat, when applied a combination of atropine, oxime
HI-6 and midazolam. He suggested that this combination,
anticholinergic/oxime/benzodiazepine, had a good protec-
tive effect only under the conditions of at least partly
available activity of acetylcholinesterase (AchE) and sy-
naptic acetylcholine (Ach) function. In the light of this ex-
planation, our good protective results with atropine/TMB-
4/midazolam may be attributed to ceasing hyperactivity of
the cholinergic system by atropine, decreasing aging of
NTE by TMB-4, and stabilizing neuron membrane by mid-
azolam via augmentation of the action of gamma-aminobu-
tyric acid (GABA) [19, 20]. The remarkably good influ-
ence of midazolam in combination of atropine and TMB-4
on OPIDP could be explained otherwise. Boskovi¢ [21]
has shown that diazepam increased the survival time of an
atropine/TMB-4 combination even 35-fold in rats poisoned
with soman. The author suggested that diazepam counter-
acted the ““direct” toxic biochemical effect that soman ex-
erted. Namely, soman produces an increase in cerebellar
c¢GMP concentration, but diazepam decreases cerebellar
c¢GMP concentration in rats or mice [22]. In the light of the
antagonistic action of diazepam in soman poisoning, we
can propose that midazolam might have a similar antago-
nistic effect on DFP-increase of cGMP concentration.

In conclusion, the results of these examinations have
shown that atropine and TMB-4 or atropine, TMB-4 and
midazolam decrease the neurotoxic effect of DFP. The im-
provement of clinical signs and symptoms of OPIDP is
greater in the case of applying the combination of atro-
pine, TMB-4 and midazolam than that in the presence of
atropine and TMB-4 in comparison with positive control.
Since this type of study has not been done before, the
drug combination might be used as a possible protective
tool in clinical conditions.

4. Experimental

4.1. Chemicals

Diisopropylfluorophosphate (DFP) and oximes: pralidoxime chloride
(PAM-2), trimedoxime chloride (TMB-4) and HI-6 (purity >97%) were
obtained from the Military Technical Institute, Belgrade, Yugoslavia. Diac-
etylmonoxime (DAM) was purchased from Fluka, Buchs, Switzerland.
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Atropine sulphate was supplied by Sigma, Poole, UK. Midazolam (Flor-
midal™) was obtained from ICN Galenika, Yugoslavia.

4.2. Experimental animals and treatments

All drugs were given subcutaneously (sc), intramuscularly (im) or intraperi-
toneally (ip), 20 min before poisoning of hens with DFP (1.1 mg/kg). The
birds were observed daily for clinical signs of OPIDP during 22 days and
the degree of walking impairments and ataxia were assessed according to
an 8-point scale [23] where O represents normal gait and 8 total paralysis.

4.3. Delayed neurotoxicity experiments

In two kinds of experiments a positive control group of hens was treated
with physostigmine (0.15 mg/kg, ip) and atropine (2 mg/kg, ip) to over-
come the signs of acute poisoning.

4.3.1. Influence of oximes on OPIDP

There were five experimental groups (n = 6-9) of hens: the first group
served as positive control for OPIDP and other groups were dosed with a
combination of atropine (20 mg/kg, ip) and oximes: DAM (30 mg/kg, im),
HI-6 (100 mg/kg, im), PAM-2 (100 mg/kg, im), and TMB-4 (15 mg/kg,
im), respectively.

4.3.2. Influence of midazolam on OPIDP

There were three experimental groups (n = 6—9) of birds: the first group
served as positive control for OPIDP, the second group was dosed with
atropine (20 mg/kg, ip) and TMB-4 (15 mg/kg, im), and the third group
was additionally dosed with midazolam (2.5 mg/kg, im).

4.4. Statistical analysis

Data are expressed as mean == SEM. The statistical evaluation of the data
was performed by the Student’s t-test and the p < 0.05 was considered as
statistically significant.
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