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Allylnitrile-Induced Behavioral Abnormalities and Findings Relating
to the Mechanism Underlying Behavioral Abnormalities

Hideji TANII, Xiao-Ping ZANG and Kiyofumi SAIJOH

Department of Hygiene, Kanazawa University School of Medicine, Ishikawa

Abstract Nitriles are widely used in industry as plastics, solvents, and synthetic intermediates. It has
been shown that the thermal degradation of acrylonitrile-based plastics leads to the emission of a great variety of
nitriles. Exposure of humans and experimental animals to some nitriles has been shown to lead to disorders of
the central nervous, hepatic, cardiovascular, renal, and gastrointestinal systems. Iminodipropionitrile has long
been known to induce in experimental animals behavioral syndromes that other nitriles have not been reported
to induce. Recently, we have found that a single administration of allylnitrile, an analog of acrylonitrile, induces
in rodents behavioral abnormalities including head twitching, head weaving, random circling, increased
locomotor activity, backward pedaling, pivoting, and somersaulting. The induced abnormalities were persistent.
Crotononitrile and 2-pentenenitrile also are able to produce behavioral abnormalities. Thus, the nitriles appear
as a new class of neurotoxic compounds with potential relevance to the human health. The mechanism by which
allylnitrile induces and maintains the behavioral abnormalities is summarised below.

1. Allylnitrile activates the serotonin (5-HT) system in the central nervous system, and as a consequence
activation of 5-HT-2 receptors due to increased 5-HT may lead to induction of head twitching,

2. Although the data available indicate that the dopamine (DA) system may be involved in allylnitrile-
induced behavioral abnormalities, it remains unknown how the DA system relates to the abnormalities.

3. Allylnitrile decreases the noradrenaline level in the central nervous system, which is thought to be
secondary to the 5-HT system activation mentioned above. The allylnitrile-induced head twitching
,however,may occur in consequence to both enhanced 8-adrenoceptor stimulation and to the removal of tonic
inhibitory control by a-2-adrenoceptors.

4. The neuropathological data indicate an important role of the medial habenular and raphe nuclei in
allylnitrile-induced behavioral abnormalities. Onset of the behavioral abnormalities appears to be associated
with the impairment in the medial habenulo-raphe relay owing to activation of apoptotic cascade in neurons.

5. On the basis of the findings with iminodipropionitrile and crotononitrile, allylnitrile might produce
pathological changes in the vestibular sensory hair cells.

Further studies are needed to explore the mechanism underlying the allylnitrile-induced syndromes.
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Fig. 1 Allylnitrile-induced head twitching.

Table 1 Allylnitrile-induced behavioral syndrome.
Head twitching (backward head movements)

Head weaving (side to side head movements)
Random circling

Increased locomotor activity

Backward pedaling

Pivoting

Somersaulting
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Fig. 2 Locomotor activity in mice following treatment with
allylnitrile. ANOVA for repeated measures showed a
significant effect of treatment, time and the interac-
tion between treatment and time.

Table 2 Behavioral abnormality inducing activity of compounds
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Compound Structure Activity
Potassium cyanide KCN -
Acetonitrile CH3CN -
Acrylonitrile CH:=CHCN -
Propionitrile CH3CH:CN -
Allylnitrile CH2=CHCH:CN +
Allyl chloride CH2=CHCH:Cl -
Crotononitrile CH3CH=CHCN +
n-Butyronitrile CH3(CH2):CN -
2-Pentenenitrile CH3CH2CH=CHCN +
3-Pentenenitrile CH3CH=CHCH2CN —
n-Valeronitrile CH3(CH2)sCN —
n-Capronitrile CH3(CH2)4CN -
Ethylene cyanohydrin HO(CH2):CN -
Succinonitrile CN(CHz2):CN —
Aminoacetonitrile NH:CH2CN -
8-Aminopropionitrile NH:CH2CH:CN -
8,8'-Iminodipropionitrile NH(CH2CH:CN): +
Tris-(R-cyanoethyl)-amine N(CH2CH:2CN)3 -

8,8'-Oxydipropionitrile
Thiodipropionitrile

O=(CH2CH2CN)2
S=(CH2CH2CN)2

Ethylaminodipropionitrile CH3CH2N(CH2CH2CN)2 -
Benzylaminopropionitrile CéHsCH2NHCH:CH2CN -
Phenylethylaminopropionitrile CsHsCH2CH2NHCH2CH2CN -
Phenylisopropylaminopropionitrile CsHsC(CH3):NHCH2CH2CN -
3-Methylaminopropionitrile CH3NHCH:CH:CN -
-Dimethylaminopropionitrile (CH3)2NCH2CH2CN -
Methyleneaminoacetonitrile CH2=NCH2:CN —

+ positive, — negative.
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Table 3 Serotonin metabolism in 5 regions of the mouse brain
1 day after dosing with allylnitrile (150 mg/kg)®.

Region 5-HT 5-HIAA 5-HIAA/5-HT
Cortex 134%* 174%* 131%
Medulla-pons 149%* 226%* 153%*
Striatum 122% 189%* 153%*
Hypothalamus 144%* 153%* 102%
Midbrain 155%* 208%* 130%*

Each value represents the percent of control. *Significantly different
from the control(P<0.05). 5-HT serotonin,5-HIAA 5-hydrox-
yindoleacetic acid.
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Fig. 3 Effects of dopamine antagonists on allylntrile-induced
head twitch. *P<0.05 vs control value.
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Table 4 Noradrenaline content in discrete regions of the brain of rats after dosing with allylnitrile(100 mg/kg)™.

Region Days after dosing

1 2 4 7 12 28
Medulla-pons 90% 88% 96% 107% 113% 116%
Hippocampus 50%* 60%* 87% 108% 104% 93%
Cortex 68%* 54%* 98% 115% 105% 112%
Hypothalamus 60%* 49%* 53%* 82% 96% 100%
Midbrain 88% 78%* 96% 110% 110% 102%

Each value represents the percent of control. *Significantly different from respective control(P<0.05).

Table 5 Brain areas showing caspase-3-positive neurons following allylnitrile

47)
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Mice were orally given allylnitrile(0,63,84 and 112 mg/kg), and sacrificed 2 to 60 days after dosing to assess caspase-3-positive neurons. -,not different

from control; +,the presence of caspase-3-positive neurons.

Cx,cerebral cortex; Hyp,hypothalamus; Hip,hippocampus formation; DG,dentate gyrus; Mhb,medial habenular nucleus; RN,raphe nuclei; DR,dorsal

raphe nucleus; MnR,median raphe nucleus; Rpa,raphe pallidus nucleus.
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