Toxicology of Acetonitrile-A Comparative Study
with the Activity of Other Nitriles
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Table 1. Concentration of acetonitrile and cyanide in blood, brain and liver 1 hr after oral administration

of acetonitrile in mice and rats

Acetonitrile pg/g tissue

Cyanide pg/g tissue

whole blood
cerebrum

Mice (5)*

liver
whole blood
cerebrum

Rat (5)

liver

0.427+0.079 2.38%0.49
0.270£0.033 n.d.c
0.268+0.032 nd.
0.476+0.023 0.259+0.105¢
0.287+0.021 n.d.
0.258%0.020 n.d.

Mice and rats were dosed orally with 500 mg/kg of 5% acetonitrile in water and sacrificed after Lhr
when animals showed symptoms of acute intoxication such as rapid and irregular respirations, immobi-
lization, and somnolence. *number of animals, *mean=®SD, ‘not detected, dp< (.01 v.s. the value ob-

tained in mice blood by Welch’s t-test (two sided).

control animals.

Neither acetonitrile nor cyanide was detected in
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Level of radioactivity in tissues 24 hr after a single ip administration of [**C)acetonitrile at

Percent dose of administration per g body weight

20mg/kg 50 mg/kg 100mg/kg
TCA® Protein® TCA Protein TCA Protein
Blood 55.2£20.4 14.9 £9.1 15.7+7.8¢ 3.4%0.11 7.6%0.44 2.1£0.25
Serum 36.5%7.2 4.1 £1.4 24.3+13.9 0.74%0.13 19.4£3.3 0.69%0.20
Lung 38.2%19.0 1.2 £0.56 10.3%3.7 1.5%£0.06 7.5%+3.9 0.98+0.19
Liver 33.5%t12.3 1.9 +£0.45 10.6%4.9 2.2%0.08 5.8%0.42 2.6%£0.33
Kidney 42.1+17.8 1.8 £0.56 26.2+13.2 2.8£0.01 20.6%1.6 1.7+0.36
Testis 34.3*+15.6 0400=£0.06 3.1+0.71 0.61%£0.14 2.7%£0.55 0.42%+0.10
Cerebrum 15.7£8.7 0.23%0.09 4.41+0.43 0.48%0.05 4.4%1.8 0.32%£0.07
Cerebellum 15.4%10.2 0.15%0.06 4.6x1.4 0.33%0.01 3.0%0.21 0.31£0.05
Spinal cord 12.8+8.2 0.31x0.06 6.4*+4.1 0.42%0.07 2.6%1.7 0.44%0.22
Muscle 20.8%+11.0 0.33+0.04 5.0%£2.1 3.2%0.60 4.9%2.0 0.61%£0.08

Twenty-four hrs after intraperitoneal administration of 20, 50 and 100mg/kg of [1-1*C] acetonitrile, the
radioactivities in TCA-soluble and protein fractions of tissues were determined. * Trichloroacetic acid
soluble fraction, bprotein fraction, ¢0.269 0.010 ymol (mean= SD), ¢0.191+ 0.095 zmol, #0.185%0.011 zmol.

Table 3. Level and time course of radioactivity in tissues after a single ip administration of [MC)
acetonitrile to rat

Percent dose of administration per g body weight

30 min 4 hrs 4 days 7 days

TCA? Protein® TCA Protein TCA Protein TCA Protein
Blood 498.9%356.4° nd® 179.6%24.8 7.7t1.4 17.4%1.3 8.1£1.3 7.3%3.3 5.2+3.1
Serum 236.3*+8.5 nd 268.0%£32.9 0.74+0.18 14.1%6.4 0.29£0.04 9.9%2.5 0.20+0.07
Lung 47.4%2.9 nd 84.5%f11.8 1.4%0.26 13.5£1.1 0.83%£0.05 7.0%3.7 1.3+1.1
Liver 83.7£14.2 nd 103.0%8.5 1.5£0.50 8.9%0.77 0.93+0.04 4.0%+0.81 1.3%+0.63
Kidney 80.8+15.5 nd 112.5%31.0 1.7£0.27 11.4%2.1 1.0£0.22 5.2x1.8 0.58%0.54
Testis 88.0£9.3 nd 104.8+36.8 0.34%0.04 8.2:£0.93 0.20£0.08 3.4%2. 0.24%0.05
Cerebrum  62.0+10.5 nd 94.7+21.5 0.24%0.06 0.74%0.11 0.23%0.06 0.4x0.05 0.16%0.06
Cerebellum 70.0+21.9 nd 92.4%21.0 0.27%0.06 0.70+0.39 0.13+0.06 0.220.36 0.12%0.04
Spinal cord 63.4+4.2 nd 81.7+37.8 0.25%0.08 1.3%0.08 0.10=0.03 0.1%£0.20 0.20%0.19
Muscle 30.2£9.5 nd 108.1%35.6 0.36%0.10 3.8%0.12 0.05+0.06 1.0£0.21 0.21%0.19

Animals received 20mg/kg of [1-14C] acetonitrile intraperitoneally, and the radioactivities in TCA-soluble
an;i protein fractions of tissues were determined at 30 min, 4 hrs, and 4 and 7 days. *Trichloroacetic
acid soluble fraction, *Protein fraction, ‘mean®SD, “not detected.
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Table 4. Level of radioactivity in tissues 7 days after repeated daily ip administration of

[4C] acetonitrile to rats

Percent dose of administration per g body weight

TCA® Protein®
Blood 3.4%0.64¢ 2.0£0.15
Serum 4.7%0.46* 0.88£0.03
Lung 3.1£1.1 0.50£0.10
Liver 2.8£0.78 0.57%£0.06
Kidney 3.2%0.31 0.90£0.22
Testis 1.9%+0.61 0.30£0.04
Cerebrum 0.59%0.32 0.29%+0.14
Cerebellum 0.84%0.28 0.33%0.11
Spinal cord 0.84*+0.28 0.33+0.11
Muscle 0.63£0.40 0.36%£0.02

Animals received intraperitoneally 3 mg/kg of [1-'*Clacetonitrile daily for 7 times, and
the radioactivities in tissues were determined at 7 days after the last administration.

aTrichloroacetic acid soluble fraction, "protein fraction, ‘mean=SD (n=3), *$<0.05vs7
days after single dose of acetonitrile at 20 mg/kg (Table 3) by Welch’s t-test (two sided).

Table 5. Effect of nitriles on viability of mouse neuroblastoma N18TG-2 and glioma Cé
cells as presented by the concentration showing 50% inhibition (EDso)

Nitriles EDso(mM)

N18TG-2 C6
1. Acetonitrile 17.8 >22
2. Propionitrile 10.5 >20
3. 3-hydroxy propionitrile >20 >20
4. n-butyronitrile 10.6 4.50
5. Allylnitrile 6.42 8.02
6. Chloroacetonitrile 1.56 0.43
7. 3-chloro propionitrile 3.60 4.34
8. Isobutyronitrile 6.20 >20
9. Acrylonitrile 3.26 >20
10. Methacrylonitrile 3.12 >20

N18TG-2 and C6 cells were incubated with each of the test nitriles at various concentra-
tions at 37°C for 6 days. EDso values were calculated by the least square method after
the Probit transformation of the % viability of cells at each concentration.
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Fig.2. Log (1/EDs) of test nitriles on N18TG-2

cells vs their log P. EDgwas calculated after a

Probit transformation of the viability of cell

exposed to various concentrations of nitriles for

6 days. The regression equation is as follows:

log (1/EDs)=-0.672+0.574log P-1.22(log P)*0.234

(logP)* (R*=0.484). Numbers in the figure
correspond to those in Table 5.
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Table 6. Effect of acetonitrile on glucose and protein metabolism of N18TG-2 cells

Glucose consumption
(mg/cell, x107)

Protein content
(ug/cell, X 107)

Control (3)

Acetonitrile (3)

1.05%0.07

2.95+0.87°

1.91£0.16

1.81+0.11

N18TG-2 cells were incubated with or without acetonitrile (17 mM) for 6 days at 37°Cand
10%C02. *number of experiments, ®*$<0.05 vs. control by Welch’s test (two sided).

Fig.1. Light and scanning electronmicrograph of N18TG-2 cells exposed to acetonitrile.  (a) Light

micrograph of normal N18TG-2 cells. Scale bar 10um.

(b) N18TG-2 cells exposed to 17 mM

acetonitrile for 6 days. A decreased number in and degeneration of cells are seen. Scale bar 10xm.

(c) Scanning electronmicrograph of a normal Ni8TG-2 cells. Scale bar 1um.

@ A degenerated

N18TG-2 cell after exposure to 17mM acetonitrile for 6 days. A decreased number in dendrites and

flattening of the cell are seen. Scale bar 0.46m.
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Toxicology of Acetonitrile-A Comparative Study with the Activity of Other Nitriles
Mitsuko Matsuki, Department of Hygiene, School of Medicine, Kanazawa University, Kanazawa 920
—J. Juzen Med Soc., 100, 654 — 664 (1991)

Key words acetonitrile, toxicity, animals, neural cell cultures, mechanism
Abstract

Toxicity and its mechanism of acetonitrile (CH,CN) were studied using mice, rats and cultured
neural cells. After a single oral administration of a equimolar acetonitrile in mice and rats, the blood
cyanide concentration in mice was about ten times higher than in rats. Thirty minutes after the rats
received a single i.p. injection of [1-"C]-acetonitrile the highest radioactivity was found in the blood,
kidneys, liver and lungs followed by the cerebrum, cerebellum and spinal cord. The activity in the
trichloroacetic acid-soluble fraction was more than ten times as high as in the protein faction in all
tissues. After 7 days, activity in both fractions decreased to one-fifth of that at 24 hours. After daily
administration of ["“C]-acetonitrile for 7 days, the concentrations of tissue radioactivity were similar
to those after a single administration and it had not accumulated in the tissues. The 50% inhibition
dose (EDs,) of acetonitrile to the viability of mouse neuroblastoma N18TG-2 cells during 6 day incu-
bation period was 17.8 mM (95% confidence interval: 16.7~19.0 mM), while that of rat glioma C6
cells was more than 20 mM. Chloroacetonitrile showed the smallest EDs, in both cell lines.
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Acetonitrile increased the glucose metabolism of N18TG-2 cells but did not affect the protein
metabolism. A parabolic relation was found between log P of 9 nitriles including acetonitrile and
their log (1/EDy,), the peak of the curve being at 0.2 of log P value. Acetonitrile caused a decrease in
dendrites and flattening of N18TG-2 cells during the 6 day incubation period.




