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ABSTRACT: Cyanide (CN) is one of the most toxic of all substances and can be found in various natural and
anthropogenic sources. Sensitive and effective methods for the confirmation of CN exposure are crucial in medical,
military, and forensic settings. Due to its high volatility and reactivity, direct detection of CN from postmortem
samples could raise inconclusive interpretation issues that may hinder accurate determination of the cause of death.
The detection of the alternative CN metabolites as markers to test CN exposure may offer a solution to reduce tiie
potential for false-negative and false-positive results. 2-Aminothiazoline-4-carboxylic acid (ATCA) ig & mincr
metabolite of CN and has been proposed to be a potential alternative forensic marker for the confirmat on of CN
exposure. According to the current state of knowledge, ATCA has not yet been associated with o'her metabolic
pathways except for CN detoxification. Moreover, ATCA is stable under various conditions oye; time. This article
reviews analytical methods developed for the analysis of ATCA as well as studies relatdd ‘o pocential use of ATCA
as a marker for the diagnosis of CN exposure. The need for research related to theust of ATCA as a reliable forensic
marker for CN exposure in medicolegal death investigations is also discussed.

KEYWORDS: 2-Aminothiazoline-4-carboxylic acid, biomarkers, cyanide exposure, cyanide poisoning, death

investigation, forensic markers, forensic science.

INTRODUCTION

Infamous for its use as a chemical warfare ageat during
World WarIand World WarIl[16,57], cyanide ({"IN) canalso
be found in numerous natural andyairthropogenic sources.
The most common natural gotr¢evor CN exposure is the
consumption of plants that cantain cyanogenic glycosides,
which are rapidiy/\¢converted to CN once consumed.
Cyanogenig glycosides can be found in the seeds of various
fruits, such as apples, cherries, plums, apricots, peaches,
and bitter almonds, as well as in the roots of certain plants,
including cassava, sorghum, and bamboo [68].

Cyanide in anthropogenic sources is more pervasive
than one might expect. Approximately 300,000 tons of CN
is produced yearly in the United States to meet the needs
of various industries [21]. For instance, in photography,
electroplating, and plastic and metal processing industries,
both aqueous and solid forms of CN salts are frequently
used [21,28,74]. Legal industrial applications along with
illegal uses of CN (homicide and terrorist acts [17,32])
pose risks for public safety. According to the American
Association of Poison Control Centers, there were 198
CN exposure cases reported in the United States in 2016,
approximately a 6% increase over the number of cases
reported in 2014 [22,49].

Marker for Confirming the Exposure of Cyanide

With the acute toxicity of CN, reliable, fast, and
sensitive analytical methods are needed for the confirmation
of'its exposure in medical, military, and forensic settings.

Confirmation of exposure by direct analysis of CN in
biological samples is suggested to be challenging due to
its high volatility and reactivity [10,39,48]. While direct
analysis of CN may be most appropriate immediately
following exposure, the analysis of its metabolites is
considered to be more feasible after a significant amount
of time has passed. Upon entering the biological system,
CN is readily metabolized into thiocyanate (SCN"),
2-aminothiazoline-4-carboxylic acid (ATCA) and its
tautomer 2-iminothiazoline-4-carboxylic acid (ITCA),
protein adducts, a-ketoglutarate cyanohydrin (a-KgCN),
and cyanocobalamin [6,25,61,66]. SCN™ is the major
metabolite of CN. Advantages of targeting SCN™ include
its nonvolatility and much longer half-life than CN
[36,66]. However, the detection of SCN™ is nonspecific
for CN exposure, because it is present endogenously at
high concentrations and is involved in metabolic pathways
other than CN [36,66,72]. Therefore, some research has
explored ATCA as a potential marker. Multiple sensitive
methods have been developed to extract and analyze
ATCA fromvarious biological matrices[7,11,13,20,27,36—
38,40,41,53,54,59,61,70,77], and reviews concerning the
analysis of CN and other metabolites have been published
[4,26,36,43,61,64,69]. In this article, we shall both review
the analytical methods developed for the determination
of ATCA from biological samples and also evaluate the
potential use of ATCA as a forensic marker in death
investigations. The need for research related to the use of
ATCA as a reliable forensic marker for CN exposure in
medicolegal death investigations will also be discussed.
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