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Table 1. Sytructure, LDso, log P and free CN concentrations in nitrile preparations

a Freee

Compound Structure ?&%gﬁ?ﬁ"g) Log P ( ‘E/I;IV;’/O
Potassium cyanide KCN 0.2072(0.1640—0.2621) —c —
Acetonitrile CHsCN 6.550 (4.918—8.726) —0.54 0.000
Propionitrile CH;CH.CN 0.6498(0.4880—0.8654) -0.10 0.000
3-Hydroxypropionitrile OH(CH2).CN 48.71 (36.63—64.97) —0.94 0.001
3-Chloropropionitrile CI(CH2):CN 0.5661(0.4622—0.6932) 0.18 0.000
Acrylonitrile CH;=CHCN 0.7286(0.5347~0.9929) 0.09 0.000
Methacrylonitrile CH»=C(CH3)CN 0.2553(0.2085—0.3126) 0.68 0.002
n-Butyronitrile CH3(CH2).CN 0.5637(0.4233—0.7509) 0.53 0.000
Isobutyronitrile (CH3).CHCN 0.3652(0.3652)¢ 0.46 0.000
Allylnitrile CH,;=CHCH:CN 0.9953(0.7877—1.258) 0.40 0.016
4-Chlorobutyronitrile CI{CH2):CN 0.5155(0.3871—0.6866) (.56 0.000
2-Methylbutyronitrile CH3CH:CH(CH3)CN  (.2867(0.21530.3818) 1.05 0.002
Phenylacetonitrile @ CH.CN 0.3886(0.2916—0.5172) 1.61 0.000
3-Phenylpropionitrile {& (CH2).CN 0.8870(0.8870)¢ 1.70 0.000
Chloroacetonitrile CICH:CN 1.841 (1.351~2.509) Q.23 0.002
n-Valeronitrile CH3(CH2)sCN 2.297 (1.725-3.059) 0.94 0.000
Isovaleronitrile (CH3):CHCH,CN 2.797 (2.797)¢ 0.85 0.000
n-Capronitrile CH3(CH2):CN 4.763 (4.763)¢ 1.66 0.000
Isocapronitrile (CH3):CH(CH2):CN  5.020 (4.097—6.145) 1.54 0.041
Caprylonitrile CH3(CH2)CN 14.09 (11.52—17.26) 2.75 0.000
Pelargononitrile CH3(CH2).CN 14.79  (9.696—22.56) 3.12 0.000
Benzonitrile © CN 9.416 (9.416)¢ 1.56 0.000

* Acute oral LDsp was determined by the method of Weil'” and expressed as the mean (95% confidence

interval).

' Log (n-octanol-water partition coefficient). Values are the mean of three detel"m_inations. )
¢ Free cyanide concentrations in the test nitriles were assayed. An aliquot of nitrile was directly added
to the tube containing 20% trichloroacetic acid, and following procedures were the same as cyanide

determination in Materials and Methods.
ar=0.0000.
Not determined.
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Table 2. Effect of carbon tetrachloride pretreatment on mortality produced by nitrile in mice

Pretreatment

Dose* (number dead/number dosed)
No. Compound . mmol/kg o Carbon
Vehicle body weight Olive oil* tetrachloride?
Watert Water 0/10 0/10
Olive oil® Olive oil 0/10 0/10
1 Acetonitrile Water 9.96 8/10 0/10¢
2 Propionitrile Water 0.80 10/10 0/10%
3 3-Hydroxypropionitrile None 66.47 7/10 1/10¢
4 3-Chloropropionitrile Water 0.67 10/10 0/10°
5 Acrylonitrile Olive oil 1.13 8/10 1/10°
6 Methacrylonitrile Olive oil 0.30 9/10 1/10¢
7 n-Butyronitrile Olive oil 0.93 9/10 1/10°
8 Isobutyronitrile Olive oil 0.42 9/10 1/10¢
9 Allylnitrile Olive oil 1.25 9/10 1/109
10 4-Chlorobutyronitrile Olive oil 0.73 8/10 0/10¢
11 2-Methylbutyronitrile Olive oil 0.40 10/10 0/10¢
12 Phenylacetonitrile Olive oil 0.48 10/10 3/10°
13 3-Phenylpropionitrile Olive oil 0.91 9/10 0/10%
14 Chloroacetonitrile Olive oil 2.19 3/10 10/10¢
15 n-Valeronitrile Olive oil 3.75 9/10 6/10
16 Isovaleronitrile Olive oil 2.62 7/10 3/10
17 n-Capronitrile Olive oil 6.67 5/10 5/10
18 Isocapronitrile Olive oil 6.18 6/10 10/10
19 Caprylonitrile Olive oil 14.995 7/10 10/10
20 Pelargononitrile Olive oil 16.66 7/10 5/10
21 Benzonitrile Olive oil 8.78 0/10 10/10

[

" Dosed in a volume of 4.5 ml/kg.

Mic§ were orally dosed with test compounds in a volume of 4.0 ml/kg. Exception_ was 3-hydroxypro-
Plonitrile which was given in a volume of 4.5 ml original solution per kg body weight.

¢ Mice were dosed intraperitoneally with olive oil in a volume of 6.4 ml/kg 24 hr prior to nitrile chal-

lenge.

¢ Mice were dosed intraperitoneally with carbon tetrachloride in a volume of 6.4 ml/kg 24 hr prior to

nitrile challenge.

* Differs significantly from the olive oil-given group (P<0.01).
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Table 3. Cyanide concentration in brains of mice 5.5 hr after dosing with nitriles or at death within 55 hr

Brain cyanide level (ng cyanide/g tissue)®

Dose
Compound }?Xrﬂ;l Olive oil® CCl,d
/kg) Survived Dead Survived Dead

Potassium cyanide 0.21 —e 0.86£0.14(8) - 0.8310.18(8)
Group 1

Propionitrile 0.80 - 0.72£0.13(8) 0.07£0.04(8) -

Acrylonitrile 1.13 - 0.68%0.12(8) 0.03%0.04(8) -

Isobutyronitrile 0.42 0.25(1) 0.77%£0.27(7) 0.02%0.02(8) -
Group 2

Chloroacetonitrile 3.62 - 0.80£0.05(8) - 0.04£0.04(8)

n-Valeronitrile 6.00 0.25%+0.05(7) 0.13 (¢D) 0.12%£0.05(7) 0.01 (1)

n-Capronitrile 10.7 0.241+0.02(6) 0.07, 0.32(2) 0.03£0.02(3) 0.04£0.04(5)

a Qrally.

b Data are expressed as mean=*S.D. (n), where n is the number of animals.

¢ Mice were dosed intraperitoneally with olive oil 24 hr prior to nitrile dosing.
4 Animals were dosed intraperitoneally with CCly 24 hr prior to nitrile.

¢ No animals.

Table 4. Effect of carbon tetrachloride, SKF-525A and carbon monoxide on microsomal metabolism
of nitriles to cyanide

Cyanide formation (ng cyanide/min/mg protein)

No. Compound Concentration®
(mM) Control® CCle SKF-525b- COb-e
1 Acetonitrile 21 0.14£0.05 nd.f 0.03£0.05 0.02%0.00
2 propionitrile 0.74 1.44%0.22 nd. 0.65%0.09 0.55%0.17
3 3-Hydroxypropionitrile 150 2.8940.04 n.d. 1.4410.09 1.34%0.14
4 3-Chloropropionitrile 0.64 9.24%0.45 nd. 4.6410.46 3.63%1.38
5 Acrylonitrile 0.29 4,07%1.07 n.d. 2.41%0.46 1.56£0.27
6 Methacrylonitrile 0.67 15.3%0.62 n.d. 5.24%0.65 4.39%+0.81
7 n-Butyronitrile 0.20 1.88£0.25 n.d. 0.60%0.11 0057+0.11
8 Isobutyronitrile 0.25 9.68%+0.24 n.d. 4.03%£0.55 2.79%0.58
9 Allylnitrile 0.96 5.98%0.24 0.06+0.06 2.32+0.88 3.01%0.40
10 4-Chlorobutyronitrile 0.47 3.15£0.07 0.02%0.04 1.33+0.27 0.92%0.11
11 2-Methylbutyronitrile 1.2 16.8:£2.03 0.04%0.02 7.93%0.90 12.3%0.83
12 Phenylacetonitrile 1.6 27.1%5.52 2.00%0.79 12.7 *1.24 19.1£1.95
13 3-Phenypropionitrile 0.68 3.95£0.98 0.44%0.35 1.82+0.55 2.85%0.61
14 Chloroacetonitrile 1.0 11.4%+0.64 0.07£0.04 5.3710.82 6.21%0.88
15 n-Valeronitrile 0.06 1.880.22 n.d. 0.15%0.05 0.48x0.04
16 Isovaleronitrile 2.7 2.41%0.10 n.d. 0.62£0.25 1.91£0.43
17 n-Capronitrile 0.02 1.440.52 n.d. 0.29+0.04 0.71£0.28
18 Isocapronitrile 0.07 0.70£0.06 n.d. 0.20£0.20 0.25%0.01
19 Caprylonitrile - 0.37%0.07 n.d. 0.05%0.03 0.20%0.03
20 Pelargononitrile - 0.12%0.05 n.d. 0.05+0.04 0.07%0.04
» Substrate concentration in the incubation mixture was 5 times Km for compounds 1—13. For com-

pounds 14—18 the concentrations were selected to exhibit maximal activity, since donxble-recjprocal
plots of the enzyme activity revealed a non-linear relationship. For compounds 19 and 20 the incuba-
tion mixture contained a substrate at 459 (v/v) of saturated solution.

Microsomes were prepared from livers of mice pretreated with olive oil only.

Microsomes were prepared from livers of mice pretreated with with CCl.

Final concentration was 0.5 mM.

Flushed with CO gas before addition of the substrate.

Not detectable.
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Fig.1. Log (1/LDs) vs log P for nitriles. Nitriles

in group 1 are expressed in open circles and those
in group 2 in closed circles. Benzonitrile is
represented by the open triangle. The curves
were obtained from the equations in the text.
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Fig. 2. Relationship between metabolic rate and time after ethanol dosing. Mice were dosed orally with
either glucose (0), 7.0 g/kg, or ethanol (@), 4.0 g/kg. They were killed at indicated time and the
microsomes from the livers were prepared. The metabolic rate (v) was determined in the assay mixture
including either 0.74 mM propionitrile or 0.28 mM acrylonitrile or 0.25mM isobutyronitrile. Each value
represents the mean=+S.D. of three animals. *P<0.05 vs controls.
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Fig.3. Relationship between metabolic rate and nitrile dosing. Mice were dosed orally with either glucose
(0) or ethanol (®). The dose was 2, 3, 4 and 5 g/kg for ethanol and 0, 3.5, 5.3, 7.0 and 8.8 g/kg for glucose.
After 13 hr, animals were killed by cervical dislocation and the microsomes from the livers were prepared.
The metabolic rate (v) was determined by the same way as in Fig. 2. Each value represents the mean*

S.D. of three animals.

*P<0.05 vs controls.
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IVBRUBA Y A7 b YN DBTIRIY /—N %
80mM £ THML T HEELED st otz, # 7
VaZbY NV ERSATIZ M) AEDNTIRTY
/=% 80mM & THIIL 248, bFaDEENTE

" Table 5. Effect of ethanol treatment on nitrile metabolism

v (ng CN released/min/mg protein)

Compound /G%}OH
—NADPH= Ethanol Glucose cose

Acetonitrile n.d. 0.66+0.04" 0.36%0.09 1.83
Propionitrile n.d. 3.18%0,18" 1.96£0.18 1.62
3-Hydroxypropionitrile n.d. 2.96+0.06" 2.10£0.11 1.41
3-Chloropropionitrile nd. 5.47%0.61° 3.68%0.36 1.49
Acrylonitrile n.d. 8.47+1.35° 4.62%0.33 1.83
Methacrylonitrile n.d. 18.78£0.30° 15.83*1.53 1.19
n-Butyronitrile n.d. 1.32£0.13% 0.91£0.06 1.45
Isobutyronitrile n.d. 11.64+1.32b 9.00+0.52 1.29
Allylnitrile n.d. 7.447%0.25° 6.18%0.48 1.20
4-Chlorobutyronitrile n.d. 5.50£0.23" 3.74%0.52 1.47
2-Methylbutyronitrile n.d. 16.18+0.37" 14.56%£0.26 1.11
Phenylacetonitrile 0.08 27.01%+4.21 22.91£1.15 1.18
3-Phenylpropionitrile n.d. 4.46+0.18" 3.60+0.12 1.24
Chloroacetonitrile 0.02 8.20+1.37" 5.34%0.18 1.54
n-Valeronitrile n.d. 1.49%0.30 1.18%0.32 1.26
Isovaleronitrile n.d. 2.73%0.17° 2.29%0.09 1.19
n-Capronitrile n.d. 1.21%0.47 0.89%£0.17 1.36
Isocapronitrile n.d. 0.38+0.08 0.3140.02 1.22
Caprylonitrile 0.03 0.49%0.01 0.47£0.04 1.04
Pelargononitrile 0.02 0.11£0.03 0.11%0.08 1.00

Mice were dosed orally with either ethanol (4 g/kg) or glucose (7 g/kg). After 13 hr, animals
were killed by cervical dislocation and the microsomes from the livers were prepared. The
metabolic rate (v) was determined in the assay mixture including one of the nitriles. The
concentration of the test chemicals were five times Km or the concentration that revealed the
muximum rate. Data are expressed as mean+S.D. of three animals.

* The incubatign mixtures lack the NADPH generating system.

b P<0.05.
nd., Not detectable.
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Fig.4. Dose dependent cyanide liberation in the liver of mice after dosing with nitriles.

Thirteen hours

prior to nitrile dosing, mice were given orally either ethanol (®) or glucose (©), and they were orally dosed

with the nitrile at the indicated level.

Livers of animals were homogenized and assayed for cyanide

concentration as described in Materials and Method. Each valus represents the mean=®S.D. of three

animals. *P<0.05 vs controls.

Table 6. Inhibition constant of ethanol for the
metabolism of the nitriles

Compound Ki (mM)
Acetonitrile —2
Propionitrile 0.5
3-Hydroxypropionitrile 2.1
3-Chloropropionitrile 2.5
Acrylonitrile 1.8
Methacrylonitrile 6.8
n-Butyronitrile 7.0
Isobutyronitrile 2.0
Allylnitrile 39
4-Chlorobutyronitrile 5.8
2-Methylbutyronitrile 9.0
Phenylacetonitrile Not inhibited
3-Phenylpropiopionitrile Not inhibited
Chloroacetonitrile 2.2
n-Valeronitrile 1.7
Isovaleronitrile —b
n-Capronitrile 22
Isocapronitrile Not inhibited
Caprylonitrile Slightly inhibited
Pelargononitrile Slightly inhibited

2 The metabolic rate was too small to be deter-
mined precisely.

b The double-reciprocal plot with isovaleronitrile
revealed a nonlinear relation.
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Abstract

The toxic mechanism of nitriles and the effect of metabolic modifiers in mice were studied in
relation to their physico-chemical properties. All the test nitriles liberated cyanide both in vivo
and in vitro, with the exception of benzonitrile, although the extent of liberation and the effect
of carbon tetrachloride pretreatment on the mortality of animals differed among nitriles. From
these results , test compounds were tentatively divided into three groups. In group I, acute
toxcity was greatly reduced by carbon tetrachloride pretreatment, in group 2, toxicity was not
significantly changed or was somewhat enhanced, and in group 3, benzonitrile only, toxicity was
clearly enhanced. The amount of cyanide was higher at death in the brains of mice given group-1
compounds, the level being comparable to that found in mice killed by dosing with potassium
cyanide. The relationship between log (1/LDs ) and log P for the compounds in group 1 fitted 2
parabolic plot, while that for compounds in group 2 was linear. For most nitriles, the in vitro
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metabolism was inhibited when the incubation mixture contained either SKF-525A, carbon
monoxide or microsomes from mice treated with carbon tetrachloride. When mice were dosed
with ethanol, metabolic enhancement of nitriles was seen compared with the control. However,
ethanol, when added to the incubation mixture, inhibited the in vitro metabolism of nitriles.



