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Abstract

Acetonitrile (methyl cyanide) is an organic solvent mainly used in laboratories and chemical industries. It is very rare poison used to
commit suicide. It can be absorbed through the skin, orally or by inhalation. Toxicity of acetonitrile is caused by releasing cyanide
and formaldehyde in delayed hepatic metabolism. Cyanide transforms aerobic metabolism into anaerobic metabolism, which by
product is lactic acid. Symptoms of acute cyanide poisoning are headache, nausea, anxiety, confusion, drowsiness, tachycardia
and tachypnoea. There are known several cyanide antidotes: the Cyanide Antidote Kit, 4-dimethylaminophenol, dicobalt edetate
and hydroxycobalamin. This is the first case of acetonitrile poisoning reported in Poland, which was successfully treated with
hydroxycobalamin and disulfiram. A 16-year-old boy poisoned himself with acetonitrile for suicidal purposes. Neurological and
cardiovascular symptoms appeared after 10 hours after ingestion. The laboratory analysis showed severe metabolic acidosis with
base deficiency and high concentration of lacid acid. He was admitted to Intensive Care Unit in serious condition and started
treated with hydroxycobalamin (5g i.v.). After first dose he responded quickly, by regaining consciousness and normalizing
lactic acid. On days 2, 3 and 4 lacid acid was increasing again and consciousness were observed and he required further doses
of hydroxycobalamin. In search of other therapeutic methods, disulfiram was added to treatment on day 4. The metabolism is
probably based on the inhibition of cytochrome P450 which transform acetonitrile to cyanide. After adding disulfiram to treatment
the boy was completely cured.

Keywords:  Acetonitrile;  Cyanide;  Hydroxycobalamin; metabolized to cyanide [4,5]. This is the first case of acetyl nitrile
Disulfiram; Antidote. poisoning reported in Poland, which was successfully treated with

Introduction hydroxycobalamin and disulfiram.

Acetonitrile (ACN) is a colourless liquid, high-polarity organic Case Presentation

solvent used in laboratories and chemical industries [1-4]. A 16-year-old boy was admitted in the evening to the Emergency
Acetonitrile could be absorbed through many ways by dermal Department (ED) after consuming the solvent acetonitrile in a
absorption, inhalation or through gastrointestinal tract and suicide attempt. He brought with him a brown bottle with the name
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of the substance- Acetonitrile. The boy said that he had consumed
about 50 ml of the substance dissolved in icetea. Additionally,
he admitted to drinking alcohol earlier. Physical examination
revealed a reddened throat, developed fatty tissue, his body weight
was 125 kg. Laboratory tests at admission were red blood cell
4,19 10"6/ul (normal range 4,50-5,50), white blood cells 9,93
1073/ul (normal range 4,20-9,10), thrombocytes 333 10"3/ul
(normal range 140-450). potassium 4,13 mmol/L (normal range
3,50-5,10), sodium 142 mmol/L (normal range 135-146), chloride
106 mmol/LL (normal range 96-107), serum creatinine 0,89 mg/
dl (normal range 0,57-0,87), aspartame aminotransferase 37 U/l
(normal range < 39), alanine aminotransferase 69 U/l (normal
range <37), gamma-glut amyl transferase 46 IU/l (normal range
9-40), lipase 25 IU/I (normal range 13-60, prothrombin time 11,5
(normal range 10,4-14), index normalized ratio 1,04 (normal range
0,8-1,3), blood gas: pH 7,393 (normal range 7,350-7,450), pCO2
36,4 mmHg (normal range 35,0-45,0), pO2 75,4 mmHg (normal
range 80-100), standard bicarbonate 21,7 mmol/L (normal range
21-28), base excess -2,6 mmol/L (normal -2,5-2,5), ethanol level
0,65%o. Urine drug screen and blood toxicology screen were
negative. He was admitted to the pediatric clinic for observation.
During the stay he was vomiting. Early in the morning, which was
9-10 hours after ingestion, the first symptoms appeared: confusion,
weakness and sweating on the face, increased heart rate 100/min,
rapid breathing, while oxygen saturation was 97%. The blood gas
showed pH 7,223 (normal range 7,350- 7,450), pCO2 16,7 mmHg
(normal range 35,0-45,0), pO2 129,2 mmHg (normal range 80-
100), standard bicarbonate 6,8 mmol/L (normal range 21-28), base
excess -18,3 mmol/L (normal -2,5- 2,5), ethanol level was 0,00%o.
The patient in a very serious condition with acute cardiorespiratory
failure, was transferred to the Intensive Care Unit (ICU), where
in pharmacological preparation with propofol and rocuronium
he was urgently intubated and mechanical ventilation was
started. Simultaneously he was receiving a 15-minute infusion of

hydroxocobalamin (5g i.v.) — preparation called Cyanokit®. The
skin of the body intensely became pink and the urine turned red that
was an effect after the administration of hydroxocobalamin. In the
ICU the first laboratory analysis showed severe metabolic acidosis
with base deficiency pH 6,869 (normal range 7,350-7,450), pCO2
33,8 mmHg (normal range 35,0-45,0), pO2 345,4 mmHg (normal
range 80-100), standard bicarbonate 6,0 mmol/L (normal range
21-28), base excess -27,1 mmol/L (normal -2,5-2,5) and very high
concentration of lactic acid in the serum 7,34 mmol/l (normal
range 0,50-2,20). He was also treated with catecholamine and
sodium bicarbonate. After few hours the patient clinical condition
was better, control blood gas was pH 7,362 (normal range 7,350-
7,450), pCO2 32,2 mmHg (normal range 35,0-45,0), pO2 289,3
mmHg (normal range 80-100), standard bicarbonate 17,9 mmol/L
(normal range 21-28), base excess -6,4 mmol/L (normal -2,5-2,5)
and lactate level normalized it was 1,1 mmol/l (normal range 0,50-
2,20).

The patient regained consciousness and was disconnected from the
respirator and extubated on the second day of stay in ICU. However
after 24 hours after first dose of the antidote admittion, the level of
lactic acid increased and consciousness disorders reappeared. The
treatment with hydroxocobalamin was repeated during next days
which brought temporary improvement in laboratory tests and
patient condition, but for a shorter period of time. After fourth dose
of hydroxycobalamin, we did not wait for the re-accumulation of
lactic acid. Subsequent doses were depended on the assessment of
the patient’s state of consciousness. At the same time, we started
looking for other treatment methods, therefore, on the day 4 of
stay in the ICU, disulfiram was added to the treatment [6]. It was
administered for next 5 days. The lactate level increased and
normalized immediately and no disturbances of consciousness
were observed (Figure 1). Psychiatric consultation was performed
and on the 11th day of stay in ICU he was transferred to the
psychiatry department where he received psychiatric support.
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Discussion

The discussed case draws attention to the use of acetonitrile as
an unusual poisoning agent for suicide purposes. Acetonitrile, was
used as a cosmetic product like nail polish remover since March
2000 [7], currently it is only used in the chemical industry and
laboratories as a solvent. It is important to know that the toxic
effect of acetonitrile is delayed due to its metabolism to cyanide
and formaldehyde [6]. There are few reported cases of oral
acetonitrile ingestion [1,5,6,8,9,10-17]. Toxicity of cyanide is
caused by inactivating mitochondrial cytochrome P450 oxidase in
liver cells [18]. Therefore, this process is prolonged and the first
symptoms of anoxia appear after 3-12 hours [3]. Cyanide inhibits
cytochrome oxidase, which blocks cellular respiration. Cyanide
transforms aerobic metabolism into anaerobic metabolism,
which toxic by-product is lactic acid [18,19]. The organs that are
particularly dependent of oxygen supply are the heart, brain, liver.
The symptoms that accompany cyanide poisoning are primarily
neurological and cardio logical. Early symptoms of acute poisoning
are headache, nausea, anxiety, dizziness, confusion, drowsiness,
tachycardia, palpitations and tachypnoea. In case of moderate and
severe poisoning the neurological, respiratory and cardiovascular
symptoms may occur like loss of consciousness, convulsions,
vomiting, hypotension, deep lactic acidosis, coma, arrhythmias
with circulatory and respiratory arrest [3]. There are several
cyanide antidotes: the Cyanide Antidote Kit (CAK amyl nitrite,
sodium nitrite and sodium thiosulfate), 4-dimethylaminophenol
(4-DMAP), dicobalt edetate and hydroxycobalamin (Cyanokit®)
[20]. In this case we used hydroxycobalamin (Cyanokit®), which is
precursor of vitamin B12 that convert cyanide to cyanocobalamin
in chelatation mechanism which is excreted in urine [18,20].
Dosing recommendations of hydroxycobalamin for adult persons

in Europe is 5g (maximum total infusion dosage 15g) [18]. In the
summary of product characteristics the maximum total dose is 10
g for adults, and 140 mg/kg in children up to a maximum of 10 g
[21]. Another antidote that blocks the metabolism of acetonitrile
to cyanides is disulfiram. Mechanism of disulfiram may be based
on inhibiting cytochrome P450 which contributes to block the
reaction of converting acetonitrile to cyanide [6,22]. The use of
disulfiram with additional ethanol ingestion is contraindicated
[6,23,24].

The boy’s symptoms anxiety, confusion, sweating, tachycardia,
tachypnea which showed after several hours after ingestion
acetonitrile could be the result of anoxia caused by cyanide
poisoning. Inthiscasethere wasarapidand completereturn tonormal
hemodynamic functions and consciousness and normalizing lactic
acid after the administration of the hydroxycobalamin. However,
the metabolism of acetonitrile to cyanides continued, the level of
lactic acid increased and disturbances of consciousness repeated
so it was necessary to administer further doses of the antidote. The
total dosage of hydroxycobalamin was 40g which encouraged us
to find and use another antidote disulfiram [6]. Disulfiram was
stared on day 4 after ingestion alcohol and acetonitrile, when
the ethanol level in the blood was zero. Disulfiran therapy was
continued for 5 more days. No disturbances of consciousness or
increased lactic acid levels were observed in the following days.
Using disulfiram to therapy completely cured the boy. This is the
first case of acetonitrile poisoning reported in Poland, which was
successfully treated with hydroxycobalamin and disulfiram.

References

1. Mueller, M; Borland, C. (1997) Delayed cyanide poisoning following
acetonitrile ingestion. Postgraduate Medical Journal. 73: 299-300.

3

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 09; Issue 04


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2431300/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2431300/

Citation: Rzodkiewicz J, Debkowska I, Zalewska D, Pryzmont M, Klimaszyk D, et al (2024) Acetonitrile Poisoning for Suicidal Purposes Treated with Hydroxycobala-
min and Disulfiram-Case Report. Ann Case Report. 9: 1922. DOI:10.29011/2574-7754.101922

10.

1.

12.

13.

EPA. (1999) United States Environmental Protection Agency.
Acetonitrile community right-to-know toxic chemical release reporting.
U.S. Government Information. Federal Register. 64: 10597-10604.

UK Health Security Agency. Acetonitrile Incident management.
[online]. 2016.

Hashimoto K. (1991) [Toxicology of acetonitrile]. Sangyo Igaku.
33:463-74.

De Capitani E, Borrasca-Fernandes C.F. (2017) Suicide attempt with
acetonitrile ingestion in a nursing mother. Clinical Toxicology. 55:1-5.

De Paepe P, Colin P, Depuydt P, Decavele AS, De Smet J, et al (2016)
Disulfiram inhibition of cyanide formation after acetonitrile poisoning.
Clin Toxicol (Phila). 54:56-60.

Twenty-Fifth Commission Directive 2000/11/EC of 10 March 2000
adapting to technical progress Annex Il to Council Directive 76/768/
EEC on the approximation of the laws of the Member States relating to
cosmetic products. OJ L 65: 22—-25.

Nowicka J et al. (2010) A rare case of fatal acetonitrile poisoning -
Case report. Problems of Forensic Sciences 84:409-415.

Boggild MD, Peck RW, Tomson CR. (1990) Acetonitrile ingestion:
Delayed onset of cyanide poisoning due to concurrent ingestion of
acetone. Postgraduate Medical Journal.66:40-1.

Turchen SG, Manoguerra AS, Whitney C. (1991) Severe cyanide
poisoning from the ingestion of an acetonitrile-containing cosmetic.
Am J Emerg Med. 9:264-267.

Kurt, TL, Day, LC, Reed, WG, Gandy, W. (1991) Cyanide poisoning
from glue-on nail remover. The American Journal of Emergency
Medicine, 9: 271-272.

Losek J, Rock, A, Boldt, R. (1991) Cyanide poisoning from a cosmetic
nail remover. Pediatrics. 88:337-340.

Geller RJ, Ekins BR, lknoian RC. (1991) Cyanide toxicity from
acetonitrile-containing false nail remover. The American Journal of
Emergency Medicine, 9: 268-270.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Caravati EM, Litovitz TL. (1988) Pediatric cyanide intoxication and
death from an acetonitrile- containing cosmetic. JAMA. 260:3470-3.

Borron SW, Baud FJ, Mégarbane B, Bismuth C. (2007)
Hydroxocobalamin for severe acute cyanide poisoning by ingestion or
inhalation. Am J Emerg Med. 25:551-8.

Shepherd G, Velez LI. (2008) Role of hydroxocobalamin in acute
cyanide poisoning. Ann Pharmacother. 42:661-9.

Michaelis HC, Clemens C, Kijewski H, Neurath H, Eggert A. (1991)
Acetonitrile serum concentrations and cyanide blood levels in a case
of suicidal oral acetonitrile ingestion. J Toxicol Clin Toxicol. 29:447-58.

Guidotti T. (2006) Acute Cyanide Poisoning in Prehospital Care: New
Challenges, New Tools for Intervention. Prehospital and disaster
medicine. 21: s40-8

Marziaz ML, Frazier K, Guidry PB, Ruiz RA, Petrikovics I, et al (2013)
Comparison of brain mitochondrial cytochrome c oxidase activity with
cyanide LD(50) yields insight into the efficacy of prophylactics. J Appl
Toxicol. 33:50-5.

Hall AH, Saiers J, Baud F. (2009) Which cyanide antidote? Crit Rev
Toxicol. 39:541-52.

European Medicines Agency: Cyanokit : EPAR - Product Information
[online] 2019.

Emery MG, Jubert C, Thummel KE, Kharasch ED. (1999) Duration
of cytochrome P-450 2E1 (CYP2E1) inhibition and estimation of
functional CYP2E1 enzyme half-life after single-dose disulfiram
administration in humans. J Pharmacol Exp Ther. 291:213-9.

WHO. (1993) World Health Organization. International Program
on Chemical Safety (IPCS). Environmental health criteria 154-
acetonitrile. Geneva: World Health Organization.

EPA. (1999) United States Environmental Protection Agency.
Toxicological review of acetonitrile (CAS No. 75-05-8). In support of
summary information on the integrated risk information system (IRIS).
Washington D.C.

4

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 09; Issue 04


https://www.federalregister.gov/documents/2013/03/05/2013-04933/acetonitrile-community-right-to-know-toxic-chemical-release-reporting
https://www.federalregister.gov/documents/2013/03/05/2013-04933/acetonitrile-community-right-to-know-toxic-chemical-release-reporting
https://www.federalregister.gov/documents/2013/03/05/2013-04933/acetonitrile-community-right-to-know-toxic-chemical-release-reporting
https://assets.publishing.service.gov.uk/media/628f9aa7d3bf7f036bb1277d/UKHSA-incident- management-acetonitrile.pdf
https://assets.publishing.service.gov.uk/media/628f9aa7d3bf7f036bb1277d/UKHSA-incident- management-acetonitrile.pdf
https://pubmed.ncbi.nlm.nih.gov/1770614/
https://pubmed.ncbi.nlm.nih.gov/1770614/
https://pubmed.ncbi.nlm.nih.gov/28494173/
https://pubmed.ncbi.nlm.nih.gov/28494173/
https://pubmed.ncbi.nlm.nih.gov/26623950/
https://pubmed.ncbi.nlm.nih.gov/26623950/
https://pubmed.ncbi.nlm.nih.gov/26623950/
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1976L0768:20100301:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1976L0768:20100301:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1976L0768:20100301:en:PDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CONSLEG:1976L0768:20100301:en:PDF
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4547961/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4547961/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4547961/
https://pubmed.ncbi.nlm.nih.gov/2018600/
https://pubmed.ncbi.nlm.nih.gov/2018600/
https://pubmed.ncbi.nlm.nih.gov/2018600/
https://pubmed.ncbi.nlm.nih.gov/2018602/
https://pubmed.ncbi.nlm.nih.gov/2018602/
https://pubmed.ncbi.nlm.nih.gov/2018602/
https://pubmed.ncbi.nlm.nih.gov/2018601/
https://pubmed.ncbi.nlm.nih.gov/2018601/
https://pubmed.ncbi.nlm.nih.gov/2018601/
https://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb7505e0019
https://onlinelibrary.wiley.com/doi/10.1002/3527600418.mb7505e0019
https://pubmed.ncbi.nlm.nih.gov/17543660/
https://pubmed.ncbi.nlm.nih.gov/17543660/
https://pubmed.ncbi.nlm.nih.gov/17543660/
https://chemm.hhs.gov/countermeasure_hydroxocobalamin.htm
https://chemm.hhs.gov/countermeasure_hydroxocobalamin.htm
https://pubmed.ncbi.nlm.nih.gov/1749050/
https://pubmed.ncbi.nlm.nih.gov/1749050/
https://pubmed.ncbi.nlm.nih.gov/1749050/
https://pubmed.ncbi.nlm.nih.gov/16771011/
https://pubmed.ncbi.nlm.nih.gov/16771011/
https://pubmed.ncbi.nlm.nih.gov/16771011/
https://pubmed.ncbi.nlm.nih.gov/21751223/
https://pubmed.ncbi.nlm.nih.gov/21751223/
https://pubmed.ncbi.nlm.nih.gov/21751223/
https://pubmed.ncbi.nlm.nih.gov/21751223/
file:///C:/Users/Phane/OneDrive/Desktop/v
file:///C:/Users/Phane/OneDrive/Desktop/v
https://www.ema.europa.eu/en/documents/product-information/cyanokit-epar-product- information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/cyanokit-epar-product- information_en.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874301/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874301/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874301/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1874301/
https://iris.who.int/bitstream/handle/10665/39035/9241571543-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/39035/9241571543-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/39035/9241571543-eng.pdf?sequence=1
https://iris.epa.gov/static/pdfs/0205tr.pdf
https://iris.epa.gov/static/pdfs/0205tr.pdf
https://iris.epa.gov/static/pdfs/0205tr.pdf
https://iris.epa.gov/static/pdfs/0205tr.pdf

