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Abstract

Metoclopramide (MET) has long been used as a neuroleptic and antiemetic drug in clinical practice. Motor impairment and dyskinesia
have been reported in some patients following chronic treatment with MET. Occasionally, the adverse symptoms may appear even after acute
exposure to MET in more susceptible population (such as elderly individual) or due to concomitant exposure to MET and certain neurotoxins.
Iminodipropionitrile (IDPN), a prototype nitrile toxin, has been shown to produce dyskinetic syndrome in rodents. This study reports the
effect of concomitant exposure of rats to MET and IDPN on behavioral abnormalities in rats namely excitation, circling and chorea (ECC)
syndrome. Four groups of female Wistar rats (aged 3 months) were given MET (0, 10, 40 and 80 mg/kg, i.p., for 11 days) 30 min before
IDPN (100 mg/kg, i.p. for 8 days). Two additional groups of rats were treated with either saline (control group) or 80 mg/kg of MET (drug
alone group). The animals were observed for neurobehavioral abnormalities including dyskinetic head movement, circling, tail hanging, air
righting reflex and contact inhibition of righting reflex. Horizontal and vertical locomotor activities and fore limbs grip strength were also
measured. On day 12, the animals were sacrificed and brains were collected for biochemical analysis. MET significantly and dose-
dependently protected the animals against IDPN-induced ECC syndrome, motor impairment and deficiency in grip strength. MET also

protected the animals against IDPN-induced oxidative stress.
© 2004 Elsevier Inc. All rights reserved.
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1. Introduction

Adverse interactions between environmental neurotoxins
and drugs have been reported by several investigators (Al
Deeb et al., 2000; Gao et al., 2003; Llorens and Crofton,
1991; Miller et al., 1991; Noraberg and Arlien-Soborg,
2000; Tang et al., 2003; Tariq et al., 1998). The nitriles are
extensively used for the manufacture of synthetic fibers,
resins, plastics, dye stuffs and pharmaceuticals, hence, their
occupational and environmental exposure is considered to
be of potential relevance to human health (Ahmed and
Trieff, 1983; Bergmark, 1997; Guirguis et al., 1984;
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Perbellini et al.,, 1998). Exposure to propionitrile and
dimethylaminopropionitrile may lead to neurobehavioral
abnormalities in humans (Scolnick et al., 1993; Spencer and
Schaumburg, 1983), whereas, iminodipropionitrile (IDPN),
crotonitrile, allylnitrile and acrylonitirle have been shown to
produce motor deficits in experimental animals (Gagnaire et
al., 1998; Llorens et al., 1993a; Tanii et al., 1989, 1991).
Exposure of rats to the prototype nitrile compound,
IDPN, produces a permanent syndrome of motor abnormal-
ities (Al Deeb et al., 2000; Llorens et al., 1993a, 1994; Tariq
et al.,, 1995ab, 1998, 2002). This syndrome has been
designated as excitation, circling and chorea (ECC) syn-
drome (Selye, 1957). IDPN-induced ECC syndrome is
characterized by repetitive head movements, retropulsion,
circling, back walking, hyperactivity and swimming deficits
(Delay et al., 1952; Selye, 1957). The mechanism of IDPN
induced neurotoxicity is complex and multifactorial. Several
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investigators have suggested the role of various neuro-
transmitters/neuromodulators (Cadet et al., 1987a,b; Gia-
nutsos and Suzdak, 1985; Ogawa et al., 1991; Tariq et al.,
1995a, 1998) and oxygen-derived free radicals (Lohr et al.,
1988; Tariq et al., 1995a,b, 2002) in IDPN-induced neuro-
toxicity. However, Llorens et al. (1993a, 1994) have
observed a direct correlation between vestibular sensory
hair cells degeneration and the severity of IDPN-induced
ECC syndrome.

Metoclopramide (MET) is a neuroleptic/antiemetic
drug with antagonistic effects on both dopamine (Drew
and Glick, 1990; Plaznik et al., 1989) and 5-HT receptors
(Li et al.,, 2000; Takenouchi and Munekata, 1998).
Furthermore, several neuroleptics including MET are able
to exert antioxidant and/or pro-oxidant action in vivo
(Jeding et al., 1995). Administration of MET has been
reported to cause tardive dyskinesia and extrapyramidal
movement disorders in humans (Ganzini et al., 1993;
Sewell et al., 1994). On the other hand, MET has been
shown to attenuate drug-induced movement disorders
including backward walking (Axon et al., 1987), head
twitching (Dall’Olio et al., 1988), circling (Drew and
Glick, 1990; Hassan et al., 1986), hyperactivity (Cabib et
al., 1991; Chagraoui et al., 1989; Molloy et al., 1986;
Robertson and MacDonald, 1985) and stereotypy (Frussa-
Filho and Palermo-Neto, 1988; Hassan et al., 1986;
Robertson and MacDonald, 1985) in rodents. It is clear
from the above literature that both IDPN and MET affect
neurotransmitters, alter oxidative stress level in vivo and
have potential to interfere with neurobehavior. Neurotoxic
effect of both MET (Ganzini et al., 1991) and IDPN
(Khan et al., 2003) enhances with age. This investigation
was aimed to study the interaction between these two
drugs (MET and IDPN) on the resulting movement
disorders in rats.

2. Materials and methods
2.1. Animals and drugs

Adult female Wistar rats, approximately 3 months old,
weighing 190-215 g were housed in a temperature-
controlled room and maintained on 12-h light/dark cycles,
with free access to food and water. The development of
IDPN-induced ECC syndrome in female rats is more
gradual and reproducible as compared to males where the
symptoms appear quite abruptly (Moser and Boyes, 1993;
Al Deeb et al., 2000). Therefore, female rats were preferred
for this study. The protocol of animal studies was approved
by Research and Ethical Committee of Armed Forces
Hospital, Riyadh, Saudi Arabia. IDPN (Aldrich Chemical,
Milwaukee, WI) and MET (Sigma, St. Louis, MO) were
dissolved in normal saline (McGraw, USA) and adminis-
tered intraperitoneally in the volume of 2 ml/kg body weight
of animals.

2.2. Dosing and testing

The animals were divided into six groups of eight
animals each. The rats in group 1 served as control and
received vehicle only, whereas, rats in groups 2, 3, 4 and 5
received MET (0, 10, 40 and 80 mg/kg, i.p.) 30 min before
IDPN (100 mg/kg, i.p.), respectively. The animals in group
6 were treated with MET (80 mg/kg) without IDPN, and this
group served as MET alone group. The doses of MET
(Chagraoui et al., 1989; Wirtshafter and Asin, 1995;
Herman and Huzarska, 1993) and IDPN (Al Deeb et al.,
2000; Tariq et al., 2002) were selected on the basis of earlier
studies in rodents. IDPN was administered daily for 8 days
(onset of at least one symptom of ECC syndrome, appeared
on 9th day), whereas the treatment of MET was continued
till day 11 (until well-developed ECC syndrome in one of
the groups).

2.3. ECC Syndrome

Each rat was examined for the presence or absence of the
following signs: circling, dyskinetic head movements, tail
hanging, air righting reflex and contact inhibition of the
righting reflex using previously published behavioral testing
battery (Al Deeb et al., 2000). The animals were observed
for a period of 2 min to assess the severity of dyskinetic
head movements and abnormal circling behavior, whereas
the tail hanging and the righting reflexes were tested at least
three times for each animal for the grading of their severity
(Al Deeb et al., 2000).

2.3.1. Dyskinetic head movements and circling

The animals were placed individually in an observation
chamber (50x50 cm), and were observed for dyskinetic
head movements (head weaving) and circling for a period of
2 min.

2.3.2. Tail hanging

The rat was lifted by the tail and the response was
carefully observed and rated as follows: O=straight body
posture with extension of forelimbs towards the ground
(normal), 1=slightly bending the body ventrally (intermedi-
ate response), and 2=persistently bending the body, some-
times crawling up towards its tail (severe response).

2.3.3. Air righting reflex

The animal was held supine and dropped from a height of
30—40 cm onto a foam cushion. The response was graded as
follows: O=successful in righting and landing squarely on
their feet (normal), 1=poor righting or landing on side
(intermediate response), and 2=completely failed in righting
and landing on back (severe response).

2.3.4. Contact inhibition of righting reflex
The rat was placed supine on a horizontal surface, and
another horizontal surface was slightly placed in contact
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with the soles of the supine animal’s feet. The rating was
performed as follows: O=animal rights successfully (nor-
mal), 1=partial righting, animal does some efforts (inter-
mediate response), and 2=complete loss of righting, animal
is facing up the feet and walking with respect to the upper
surface (severe response).

2.4. Motor activity

Motor activity was measured using an Optovarimex
activity meter (Columbus Instruments, USA). The horizon-
tal motor activity was detected by two perpendicular arrays
of 15 infrared beams located 2.5 cm above the floor of the
testing area. Each interruption of a beam on X- or Y-axis
generated an electric impulse, which was presented on a
digital counter. Similarly the vertical motor activity was
recorded using two additional rows of infrared sensors
located 12 cm above the floor. Each animal was tested
separately and the motor activity was measured for a period
of 2 min.

2.5. Grip strength

Fore limbs grip strength was measured using a grip
strength meter (UGO Basile, Italy) consisted of a grasping-
trapeze attached to a force transducer (Model 7105), peak
amplifier (Model 7108) and multifunction printer (Model
2650). After adjusting the height of the grasping trapeze, the
animal was allowed to grasp the trapeze and then was pulled
by the tail. The peak pulling force (grip strength) was
recorded from the digital display on the amplifier.

2.6. Biochemical studies

After behavioral studies on day 12, the rats were
sacrificed and cerebrums were isolated from brains for
biochemical analysis. Prior to homogenization in a Teflon
homogenizer, whole cerebrum was thoroughly minced using
a sharp scalpel. The choice of cerebrum for biochemistry
was based on earlier studies reporting the effects of IDPN
(Al Deeb et al., 2000; Tariq et al., 2002; Llorens et al.,
1993b) and MET (Wirtshafter and Asin, 1995; Chang et al.,
1988; May and Wightman, 1989; Watson et al., 1992) either
on whole cerebrum or regions within the confines of
cerebrum.

2.6.1. Analysis of lipid hydroperoxides

The level of lipid hydroperoxides in brain was measured
according to the method described by Handelman et al.
(1988). Pre-minced cerebral tissue (20-50 mg) was homo-
genized with 1 ml of ethanol containing 1.2% pyrogallol at
4 °C using a Teflon homogenizer. The homogenate was
saponified by adding 150 pl of 10 M potassium hydroxide
and acidified to pH 3 using 1 M hydrochloric acid, and
extracted with 3 ml of n-hexane. One-milliliter aliquot of
the n-hexane extract was evaporated under nitrogen and

reconstituted with 1 ml of a mixture of glacial acetic acid
and chloroform (3:2). One hundred microliters of 0.6 g/ml
potassium iodide solution was added and the tubes were
kept in the dark for 5 min, followed by the addition of
cadmium acetate (3 ml of 0.5% solution) and centrifugation.
The upper layer was collected and absorbance was read at
353 nm for lipid hydroperoxides determination.

2.6.2. Analysis of a-tocopherol

The levels of vitamin E in cerebrum were analyzed using
high performance liquid chromatography (Dexter et al.,
1992). Pre-minced cerebral tissue (50 mg) was homogen-
ized using a Teflon homogenizer in a tube containing 1 ml
of Tris Buffer (50 mM, pH 7.6) and 3 ml of 1.5% ethanolic
pyrogallol. The homogenate was incubated at 70 °C on
water bath for 5 min and 150 pl of 10 M potassium
hydroxide was added to each tube and further incubation
(70 °C) was done for 30 min. The mixture was cooled to
room temperature and extracted with 2 ml of hexane. The
organic layer was separated after centrifugation and the
aqueous homogenate was further extracted with another 2
ml of hexane. The two hexane extracts were combined and
evaporated under nitrogen and stored at —70 °C for future
analysis.

The HPLC instrument from Waters Associate, Meliford,
USA consisted of a solvent delivery pump Model 510,
autoinjector Model 712, UV-Visible detector Model 481
and Integrator Model 740. The column was pnBondapak C-
18 (3.9x 150 mm) made of stainless steel. The mobile phase
consisted of 95% of chromatography grade methanol in
deionized water. All chromatography was carried out at
room temperature. The flow rate of mobile phase was
adjusted at 1.5 ml/min and the absorbance was measured at
280 nm following a 60-pl injection. The levels of vitamin E
were calculated by using a calibration curve.

2.7. Statistics

The incidence of ECC syndrome was evaluated by y?
test using EPI-INFO computer software. The results of
severity scores of ECC syndrome were analyzed by
repeated measures analysis of variance (RM-ANOVA).
One-way ANOVA was used to analyze the results of motor
activity, grip strength and biochemical parameters using
statistical software SPSS version 10. Dunnett’s multiple
comparison tests determined the significance level between
the groups. A value of P<0.05 was considered as statisti-
cally significant.

3. Results
3.1. ECC syndrome

The signs of ECC syndrome were first noticed in one
out of eight rats in IDPN alone group on day 9 and 100%
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Table 1

H. Ahmad Khan et al. / Pharmacology, Biochemistry and Behavior 79 (2004) 555-561

Effect of metoclopramide (MET) on the incidence and severity of IDPN-induced behavioral syndrome in rats

Groups (n=8 per group) Days
9 10 11 12

Incidence of behavioral syndrome (%)
Control 0.0 0.0 0.0 0.0
MET 80 0.0 0.0 0.0 0.0
IDPN 12.5 375 100.0* 100.0%
IDPN+MET 10 0.0 25.0 50.0% 75.0
IDPN+MET 40 0.0 12.5 37.5%* 62.5
IDPN+MET 80 0.0 0.0 0.0%** 25.0%*
Severity score

(mean=tstandard error)
Control 0.00£0.00 0.00+0.00 0.00+0.00 0.00%0.00
MET 80 0.0040.00 0.0040.00 0.00+0.00 0.00%0.00
IDPN 0.374£0.37 2.62+1.37 8.124+0.61% 8.50+0.65™
IDPN+MET 10 0.00£0.00 0.62+0.42 3.87+£1.55%* S5.75£1.51%*
IDPN+MET 40 0.0040.00 0.254+0.25* 2.37+1.19%** 4.25+1.31%**
IDPN+MET 80 0.0040.00 0.0040.00%* 0.00+0.00%** 1.5041.00%**

" P<0.05 versus IDPN alone group.

™ P<0.01 versus IDPN alone group.
" P<0.001 versus IDPN alone group.
# P<0.001 versus control.

# P<0.05 versus control.

of the rats in this group became dyskinetic on day 11
(Table 1). Co-treatment with MET dose-dependently
delayed the onset and significantly reduced the incidence
and severity of IDPN-induced ECC syndrome (RM-
ANOVA F=4.245, P<0.001). Repeated measures analysis
for within-subjects (RM-ANOVA F=8.034, P<0.001) and
between subjects (RM-ANOVA F=15.878, P<0.001)
showed significant effect of time (days 9, 10, 11, 12) and
treatments (doses of MET), respectively, on IDPN-induced
ECC syndrome (Table 1).

3.2. Motor activity

Administration of IDPN did not affect horizontal motor
activity but significantly reduced vertical (rearing) motor

Table 2
Horizontal and vertical locomotor activities and forelimbs grip strength of
rats in different treatment groups

Groups Horizontal activity Vertical activity Grip strength

(n=8 per (counts/2 min) (counts/2 min) (gram force)

group)

Control 1112.88+50.59 59.13+10.89 359.63+22.97

MET 80 1229.62+49.24 67.38+12.30 365.63+£21.36

IDPN 1206.63+144.2 7.38+2.69" 264.88+20.79"

IDPN+ 1223.75+87.30 18.88+5.66 299.87+£21.22
MET 10

IDPN+ 1030.25+59.56 18.38+3.68 329.00+£17.48
MET 40

IDPN+ 1094.88+48.71 25.75+5.17 341.75+20.10%
MET 80

* P<0.05 versus IDPN alone group using Dunnett’s multiple compar-
ison test. Values are mean+standard error.

# P<0.01 versus control.

## P<0.001 versus control.

activity (ANOVA F=10.20, P<0.0001) (Table 2). Concom-
itant treatment with MET dose-dependently reduced IDPN-
induced motor impairment in vertical activity.

3.3. Grip strength

A significant decrease in fore limbs grip strength was
observed in IDPN alone treated rats (Table 2). Adminis-
tration of MET significantly and dose-dependently attenu-
ated IDPN-induced deficiency in the grip strength (ANOVA
F=3.43, P<0.05).

3.4. Cerebral vitamin E

There was a significant depletion of cerebral vitamin E
following IDPN treatment (ANOVA F=3.42, P<0.05) (Fig.
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Fig. 1. Effect of metoclopramide (MET) on cerebral vitamin E levels in
control and IDPN-treated rats (n=8 per group). “P<0.05 versus control and
*P<0.01 versus IDPN alone group using Dunnett’s multiple comparison test.
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Fig. 2. Effect of metoclopramide (MET) on cerebral lipid hydroperoxides in
control and IDPN-treated rats (n=8 per group). “P<0.01 versus control and
*P<0.001 versus IDPN alone group using Dunnett’s multiple comparison
test.

1). Administration of MET dose-dependently reversed the
effects of IDPN on cerebral vitamin E (Fig. 1).

3.5. Cerebral lipid hydroperoxides

Administration of IDPN had no significant effect on
cerebral lipid hydroperoxides whereas, MET (80 mg/kg)
alone significantly decreased their levels (ANOVA
F=18.91, P<0.0001). Co-treatment with 40 mg/kg and 80
mg/kg MET significantly reduced cerebral lipid hydro-
peroxides in IDPN-treated rats (Fig. 2).

4. Discussion

The results of behavioral studies clearly showed the
protective effect of MET on IDPN-induced ECC syn-
drome (Table 1), motor impairment and deficiency of grip
strength (Table 2). The mechanism by which MET
attenuates IDPN-induced ECC syndrome is far from clear.
The results of biochemical studies showed a significant
depletion of cerebral vitamin E (Fig. 1) in IDPN-treated
rats suggesting the excessive generation of oxygen-derived
free radicals (ODFR). Enhanced formation of highly
reactive hydroxyl radicals (OH') has been implicated in
IDPN-induced neuronal damage (Wakata et al., 2000).
The brain is particularly sensitive to oxidative damage
because of its high concentration of polyunsaturated fatty
acids, high rate of oxygen consumption, higher iron
levels, and poor antioxidant defense system (Olanow,
1992). The free radical oxidation of unsaturated fatty
acids results in the formation of conjugated dienes that
further react with O, to produce peroxy radicals (ROO")
leading to the propagation (chain reaction) of lipid
peroxidation. The ROO" radicals combine with hydrogen
atoms to give lipid hydroperoxides (ROOH). On the other
hand, vitamin E is a nonenzymatic antioxidant present in

biological membranes that acts by terminating the
propagation of ODFR-generated chain reaction (Van Acer
et al.,, 1993). The oxidative stress results when pro-
oxidative ODFR overwhelm the antioxidant defense
mechanism, often leading to irreversible loss of cell
viability (Sies, 1985). Pretreatment of animals with ODFR
scavengers (Lohr et al., 1988; Tariq et al., 1995b) and
vasodilators (Tariq et al., 1995a, 2002) has been shown to
protect rats against IDPN-induced neurotoxicity. MET is a
powerful scavenger of hydroxyl free radical (Jeding et al.,
1995). Furthermore, IDPN-induced neurotoxicity is also
associated with cerebrovascular impairment leading to
ischemia and hemorrhage (Fiori et al., 1985; Schneider et
al., 1980). MET has been shown to protect rats against
ischemia (Chiou and Li, 1993) and hemorrhage (Jarrar et
al., 2000; Zellweger et al., 1998). Thus, a reduction in
oxidative stress (Figs. 1 and 2) and improvement of
cerebral perfusion may account for MET-induced protec-
tion against IDPN toxicity.

The role of dopamine (DA) and serotonin (5-HT) in
IDPN-induced ECC syndrome has been suggested by
several investigators (Cadet et al., 1987a, lida et al.,
1998; Langlais and Gabay, 1977; Ogawa et al., 1991).
Both DA and 5-HT are localized not only in the central
nervous system (Cadet et al., 1987b; Dawson et al., 1998;
Gianutsos and Suzdak, 1985) but also in the vestibular
labyrinth (Gil-Loyzaga et al., 1997; Hozawa and Takasak,
1993). Whereas, antagonists of DA (Cadet et al., 1987a;
Ogawa et al, 1991) and 5-HT (Diamond et al., 1986;
Green, 1984) have been shown to attenuate IDPN-
induced ECC syndrome. MET has antagonistic effects
on both dopamine (Drew and Glick, 1990; Plaznik et al.,
1989) and 5-HT receptors (Li et al., 2000; Takenouchi
and Munekata, 1998). Thus, the attenuation of IDPN-
induced behavioral syndrome by MET may be attributed
to its potential antagonistic effects on DA and 5-HT
receptors.

Furthermore, the possibility that MET interferes with the
pharmacokinetics or metabolism of IDPN may not be ruled
out. The antiemetic and gastroprokinetic effects of MET
(Scarpignato, 1997; Desta et al., 2002) may affect IDPN
absorption from the intraperitoneal cavity causing altered
bioavailability of IDPN. It is also known that IDPN needs to
be metabolized to a toxic metabolite to exert its neurotoxic
effects (Nace et al., 1997). Drugs such as methimazole
(Nace et al.,, 1997) or carbon tetrachloride (Llorens and
Crofton, 1991), which interfere with IDPN metabolism,
have been shown to significantly affect IDPN toxicity. MET
is a potent inhibitor of CYP2D6 (Desta et al., 2002) that
may have some implication in MET-induced attenuation of
IDPN toxicity.

In conclusion, this study clearly showed the protective
effect of MET against IDPN-induced neurotoxicity. Inhib-
ition of oxidative stress and/or antagonism of DA and 5-
HT receptors by MET may account for this neuro-
protection.



560 H. Ahmad Khan et al. / Pharmacology, Biochemistry and Behavior 79 (2004) 555-561

Acknowledgments

This work was financially supported by the Research and
Ethical Committee of Armed Forces Hospital, Riyadh,
Saudi Arabia. The authors wish to thank Mrs. Rosalinda
Trampe for technical assistance, and Miss Tess Jaime for
typing the manuscript.

References

Ahmed AE, Trieff NM. Aliphatic nitriles: metabolism and toxicity. In:
Bridges JW, Chasseaud LFProgress in drug metabolism, vol. 7. New
York (USA): Wiley; 1983. p. 229-94.

Al Deeb S, Al Moutaery K, Khan HA, Tariq M. Exacerbation of
iminodipropionitrile-induced behavioral toxicity, oxidative stress, and
vestibular hair cell degeneration by gentamycin in rats. Neurotoxicol
Teratol 2000;22:213-20.

Axon DI, Fletcher GH, Starr MS. In morphinised rats SKF 38393 converts
dopamine D2 receptor-mediated forward locomotion into backward
walking. Pharmacol Biochem Behav 1987;26:45-7.

Bergmark E. Hemoglobin adducts of acrylamide and acrylonitirle in
laboratory workers, smokers and nonsmokers. Chem Res Toxicol
1997;10:78—84.

Cabib S, Castellano C, Cestari V, Filibeck U, Puglisi-Allegra S. D1 and D2
receptor antagonists differently affect cocaine-induced locomotor
hyperactivity in the mouse. Psychopharmacology 1991;105:335-9.

Cadet JL, Braun T, Freed WJ. The dopamine D2 antagonist-Ro22-1319,
inhibits the persistent behavioral syndrome induced by iminodipropio-
nitrile in mice. Exp Neurol 1987a;96:594—600.

Cadet JL, Kuyatt B, Fahn S, De Souza EB. Differential changes in 1251
LSD-labelled 5-HT, serotonin receptors in discrete regions of brain in
the rat model of persistent dyskinesia induced by iminodipropionitrile
(IDPN): evidence from autoradiographic studies. Brain Res 1987b;
437:383-6.

Chagraoui A, Vasse M, Protais P. Interaction of amineptine with agents
modifying dopaminergic transmission. Clin Neuropharmacol 1989;
12(Suppl. 2):S19-31.

Chang WH, Chen TY, Wu HS, Hu WH, Yeh EK. Dose-response curves of
homovanillic acid in pre-frontal cortex and caudate following anti-
psychotic drugs: relation to clinical potencies. Psychopharmacology
1988;95:459—-62.

Chiou GC, Li BH. Effects of dopamine antagonists on retinal B-wave
recovery after retinal ischemia. J Ocul Pharmacol 1993;9:179—-85.
Dall’Olio R, Vaccheri A, Gandolfi O, Roncada P, Montanaro N. Neuro-
leptic-induced reduction of quipazine-elicited head-twitches in rats.

Pharmacol Biochem Behav 1988;31:941—4.

Dawson Jr R, Marschall EG, Chan KC, Millard WJ, Eppler B, Patterson
TA. Neurochemical and neurobehavioral effects of neonatal admin-
istration of beta-N-methylamino-l-alanine and 3,3’ -iminodipropioni-
trile. Neurotoxicol Teratol 1998;20:181-92.

Delay J, Pichot P, Thuillier J, Marquiset JP. Action de 1’amino-
dipropionitrile sur le comportement moteur de la souris blanche. C R
Soc Biol 1952;146:533—4.

Desta Z, Wu GM, Morocho AM, Flockhart DA. The gastroprokinetic and
antiemetic drug metoclopramide is a substrate and inhibitor of
cytochrome P450 2D6. Drug Metab Dispos 2002;30:336—43.

Dexter DT, Ward RJ, Wells FR, Daniel SE, Lees AJ, Peters TJ, et al. a-
Tocopherol levels in brain are not altered in Parkinson’s disease. Ann
Neurol 1992;32:591-3.

Diamond BI, Sethi K, Borison RC. Serotonin modulation of hyperkinesias
and phasic neck dystonia induced by iminodipropionitrile (IDPN) in
rats. Neurology 1986;36(Suppl. 1):341.

Drew KL, Glick SD. Role of DI and D2 receptor stimulation in
sensitization to amphetamine-induced circling behavior and in expres-

sion and extinction of the Pavlovian conditioned response. Psycho-
pharmacology 1990;101:465-71.

Fiori MG, Sharer LR, Lowndes HE. Communicating hydrocephalus in
rodents treated with beta,beta’ -iminodipropionitrile (IDPN). Acta
Neuropathol (Berl) 1985;65(3-4):209—16.

Frussa-Filho R, Palermo-Neto J. Effects of single and long-term metoclo-
pramide administration on open field and stereotyped behavior of rats.
Eur J Pharmacol 1988;149:323-9.

Gagnaire F, Marignac B, Bonnet P. Relative neurotoxicological properties
of five unsaturated aliphatic nitriles in rats. J Appl Toxicol 1998;18:
25-31.

Ganzini L, Heintz RT, Hoffman WEF, Keepers G, Casey DE. Acute
extrapyramidal syndromes in neuroleptic-treated elderly: a pilot study.
J Geriatr Psychiatry Neurol 1991;4:222—6.

Ganzini L, Casey DE, Hoffman WF, McCall AL. The prevalence of
metoclopramide-induced tardive dyskinesia and acute extrapyramidal
movement disorders. Arch Int Med 1993;153:1469-75.

Gao HM, Hong JS, Zhang W, Liu B. Synergistic dopaminergic neuro-
toxicity of the pesticide rotenone and inflammogen lipopolysaccharide;
relevance to the etiology of Parkinson’s disease. J Neurosci
2003;23(4):1228-36.

Gianutsos G, Suzdak PD. Neurochemical effects of IDPN on the mouse
brain. Neurotoxicology 1985;6:159—64.

Gil-Loyzaga P, Vicente-Torres MA, Garcia-Bonacho M, Esquifino A.
Presence of catecholamines and serotonin in the rat vestibule. Brain Res
1997;746:625-8.

Green AR. 5-HT mediated behavior. Neuropharmacology 1984;23:
1521-8.

Guirguis SS, Cohen MB, Rajhans GS. A review of health risks in
acrylonitrile industry. G Ital Med Lav 1984;6:87—93.

Handelman GJ, Epstein WL, Macklin LJ, Van Kujik JGM, Dratz EA.
Biopsy method for human adipose with vitamin E and lipid measure-
ments. Lipids 1988;23:598—-604.

Hassan MN, Raches A, Kuhn C, Higgins D, Fahn S. Pharmacologic
evaluation of dopaminergic receptor blockade by metoclopramide. Clin
Neuropharmacol 1986;9:71-8.

Herman ZS, Huzarska M. Chronic treatment with atypical neuroleptics
sulpiride and metoclopramide increases striatal enkephalins in rat brain.
Pol J Pharmacol 1993;45:402-93.

Hozawa K, Takasak T. Catecholaminergic innervation in the vestibular
labyrinth and vestibular nucleus of guinea pigs. Acta Otorrinolaringol,
Suppl 1993;503:111-3.

lida K, Wata E, Asanuma M, Asanuma SN, Gomez-Vargas M, Miyazaki I,
et al. Effects of repeated cyclosporin A administration on iminodipro-
pionitrile-induced dyskinesia and TRE-/CRE-binding activities in rat
brain. Neurosci Res 1998;30:185-93.

Jarrar D, Wang P, Song GY, Knoferl MW, Cioffi WG, Bland KI, et al.
Metoclopramide: a novel adjunct for improving cardiac and hepatocel-
lular functions after trauma-hemorrhage. Am J Physiol: Endocrinol
Metab 2000;278:E90-5.

Jeding 1, Evans PJ, Akanmu D, Dexter D, Spencer JD, Aruoma OI,
et al. Characterization of the potential antioxidant and pro-
oxidant actions of some neuroleptic drugs. Biochem Pharmacol
1995;49:359—-65.

Khan HA, Al Deeb S, Al Moutaery K, Tariq M. Influence of age on
iminodipropionitrile-induced vestibular and neurobehavioral toxicities
in rats. Exp Toxicol Pathol 2003;55:181—6.

Langlais PJ, Gabay S. Quipazine exacerbation of a hyperkinetic syndrome:
involvement of brain dopamine and serotonin. J Neurosci Res
1977;3:135-41.

Li Y, Matsuda H, Yamahara J, Yoshikawa M. Acceleration of gastro-
intestinal transit by momordin Ic in mice: possible involvement of 5-
hydroxytryptamine, 5-HT (2) receptors and prostaglandins. Eur J
Pharmacol 2000;392:71-7.

Llorens J, Crofton KM. Enhanced neurotoxicity of 3,3’ -iminodipropioni-
trile following carbon tetrachloride pretreatment in the rat. Neuro-
toxicology 1991;12(3):583—-94.



H. Ahmad Khan et al. / Pharmacology, Biochemistry and Behavior 79 (2004) 555-561 561

Llorens J, Dememes D, Sans A. The behavioral syndrome caused by 3,3’ -
iminodipropionitrile and related nitriles in the rat is associated with
degeneration of the vestibular sensory hair cells. Toxicol Appl
Pharmacol 1993a;123:199-210.

Llorens J, Crofton KM, O’Callaghan JP. Administration of 3,3’ -iminodi-
propionitrile to the rat results in region-dependent damage to the central
nervous system at levels above the brain stem. J Pharmacol Exp Ther
1993b;265:1492-8.

Llorens J, Dememes D, Sans A. The toxicity of IDPN on the vestibular
system of the rat: new insights on its effects on behavioral and
neurofilament transport. Neurotoxicology 1994;15:643 8.

Lohr JB, Cadet LC, Wyatt RJ. Partial reversal of the iminodipropionitrile-
induced hyperkinetic syndrome in rats by a-tocopherol (vitamin E).
Neuropsychopharmacology 1988;1:305-9.

May LJ, Wightman RM. Effects of D-2 antagonists on frequency-dependent
stimulated dopamine overflow in nucleus accumbens and caudate—
putamen. J Neurochem 1989;53:606—898.

Miller DB, Reinhard Jr JF, Daniels AJ, O’Callaghan JP. Diethyldithiocar-
bamate potentiates the neurotoxicity of in vivo 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine and of in vitro 1-methyl-4-phenylpyridi-
nium. J Neurochem 1991;57(2);541-9.

Molloy AG, O’Boyle KM, Pugh MT, Waddington TL. Locomotor
behaviors in response to new selective D1 and D2 dopamine receptor
agonists and the influence of selective antagonists. Pharmacol Biochem
Behav 1986;25:249—53.

Moser VC, Boyes WK. Prolonged neurobehavioral and visual effects of
short-term exposure to 3,3’ -iminodipropionitrile (IDPN) in rats.
Fundam Appl Toxicol 1993;21:277-90.

Nace CG, Genter MB, Sayre LM, Crofton KM. Effect of methimazole,
an FMO substrate and competitive inhibitor on the neurotoxicity of
3,3’ -iminodipropionitrile in male rats. Fundam Appl Toxicol 1997,
37:131-40.

Noraberg J, Arlien-Soborg P. Neurotoxic interactions of industrially used
ketones. Neurotoxicology 2000;21(3):409—18.

Ogawa N, Haba K, Asanuma M, Mori A. Long-lasting effect of ceruletide
on dyskinesia and monoaminergic neuronal pathways in rats treated
with iminodipropionitrile. Brain Res 1991;556:271-9.

Olanow CW. Introduction to the free radical hypothesis in Parkinson’s
disease. Ann Neurol 1992;32:52-9.

Perbellini L, Ganzi A, Venturi G, Cerpelloni M, Brugnone F. Biological
monitoring of acrylonitrile exposure. G Ital Med Lav Ergonom
1998;20:10—4.

Plaznik A, Stefanski R, Kostowski W. Interaction between accumbens D1
and D2 receptors regulating rat locomotor activity. Psychopharmacol-
ogy 1989;99:558-62.

Robertson A, MacDonald C. Opposite effects of sulpiside and metoclo-
pramide on amphetamine-induced stereotypy. Eur J Pharmacol
1985;109:81-9.

Scarpignato C. Pharmacological stimulation of gastrointestinal motility:
where we are and where are we going? Dig Dis 1997;15:112—36.
Schneider G, Oepen H, Klapproth A. On age-dependent effects of IDPN in

the rat. ZFA 1980;35(3):231-7.

Scolnick B, Hamel D, Woolf AD. Successful treatment of life-threatening
propionitrile exposure with sodium nitrite/sodium thosulfate followed
by hyperbaric oxygen. J Occup Med 1993;35:577—-80.

Selye H. Lathyrism. Rev Can Biol 1957;16:1-2.

Sewell DD, Kodsi AB, Caliguiri MP, Jeste DV. Metoclopramide and tardive
dyskinesia. Biol Psychiatry 1994;36:630-2.

Sies H. Oxidative stress. New York: Academic Press; 1985.

Spencer PS, Schaumburg HH. Lathyrism: a neurotoxic disease. Neurobehav
Toxicol Teratol 1983;5:625-9.

Takenouchi T, Munekata E. Serotonin increases cytoplasmic Ca, concen-
tration in PC12h cells: effects of tachykinin peptides. Neurosci Lett
1998;246:141-4.

Tang Y, Donnelly KC, Tiffany-Castiglioni E, Mumtaz MM. Neuro-
toxicity of polycyclic aromatic hydrocarbons and simple chemical
mixtures. J Toxicol Environ Health 2003;66(10):919—40.

Tanii H, Hayashi M, Hashimoto K. Nitrile-induced behavioral abnormal-
ities in mice. Neurotoxicology 1989;10:157—66.

Tanii H, Hayashi M, Hashimoto K. Behavioral syndrome induced by
allylnitrile, crotonitrile or 2-pentenenitrile in rats. Neuropharmacology
1991;90:887-92.

Tariq M, Al Deeb S, Al Moutaery K, Bruyn GW, Price Evans D,
Arshaduddin M. Dipyridamole attenuates the development of iminodi-
propionitrile-induced dyskinetic abnormalities in rats. Brain Res Bull
1995a;38:31-5.

Tariq M, Al Deeb S, Al Moutaery K, Mujeebuddin S, Arshaduddin M,
Bruyn GW. Effect of selenium and vitamin E on iminodipropionitrile-
induced dyskinesia in rats. Int J Neurosci 1995b;78:185-92.

Tariqg M, Khan HA, Rehana Z, Al Moutaery K, Al Deeb S. Proglumide, a
cholecystokinin receptor antagonist, exacerbates ' 3 -iminodipropio-
nitrile-induced dyskinetic syndrome in rats. Neurotoxicol Teratol
1998;20:571-9.

Tarig M, Khan HA, Al Moutaery K, Al Deeb S. Attenuation of
iminodipropionitrile induced behavioral syndrome by sodium salicylate
in rats. Pharmacol Biochem Behav 2002;73:647—54.

Van Acer SAB, Koymans LMH, Bart A. Molecular pharmacology of
vitamin E: structural aspects of antioxidant activity. Free Radic Biol
Med 1993;15:311-28.

Wakata N, Araki Y, Sugimoto H, Iguchi H, Kinoshita M. IDPN-induced
monoamine and hydroxyl radical changes in the rat brain. Neurochem
Res 2000;25:401—-4.

Watson NV, Hargreaves EL, Penava D, Eckel LA, Vanderwolf CH.
Serotonin-dependent cerebral activation: effects of methiothepin and
other serotonergic antagonists. Brain Res 1992;597:16-23.

Wirtshafter D, Asin KE. Dopamine antagonists induce fos-like-immunor-
eactivity in the substantia nigra and entopeduncular nucleus of the rat.
Brain Res 1995;670:205—14.

Zellweger R, Wichmann MW, Ayala A, Chaudry IH. Metoclopramide: a
novel and safe immunomodulating agent for restoring the depressed
macrophage immune function after hemorrhage. J Trauma 1998;
44:70-6.



	Metoclopramide attenuates iminodipropionitrile-induced oxidative stress and neurobehavioral toxicity in rats
	Introduction
	Materials and methods
	Animals and drugs
	Dosing and testing
	ECC Syndrome
	Dyskinetic head movements and circling
	Tail hanging
	Air righting reflex
	Contact inhibition of righting reflex

	Motor activity
	Grip strength
	Biochemical studies
	Analysis of lipid hydroperoxides
	Analysis of alpha-tocopherol

	Statistics

	Results
	ECC syndrome
	Motor activity
	Grip strength
	Cerebral vitamin E
	Cerebral lipid hydroperoxides

	Discussion
	Acknowledgments
	References


