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Abstract An analytical method utilizing chemical ioniza-
tion gas chromatography-mass spectrometry was developed
for the simultaneous determination of cyanide and thiocya-
nate in plasma. Sample preparation for this analysis required
essentially one-step by combining the reaction of cyanide
and thiocyanate with pentafluorobenzyl bromide and simul-
taneous extraction of the product into ethyl acetate facilitat-
ed by a phase-transfer catalyst, tetrabutylammonium sulfate.
The limits of detection for cyanide and thiocyanate were
1 uM and 50 nM, respectively. The linear dynamic range
was from 10 uM to 20 mM for cyanide and from 500 nM to
200 uM for thiocyanate with correlation coefficients higher
than 0.999 for both cyanide and thiocyanate. The precision,
as measured by %RSD, was below 9 %, and the accuracy
was within 15 % of the nominal concentration for all quality
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control standards analyzed. The gross recoveries of cyanide
and thiocyanate from plasma were over 90 %. Using this
method, the toxicokinetic behavior of cyanide and thiocya-
nate in swine plasma was assessed following cyanide
exposure.

Keywords Cyanide - Thiocyanate - Method development -
Chemical-ionization gas-chromatography mass-spectrometry

Introduction

Cyanide, as HCN or CN, is a deadly chemical that can be
introduced into living organisms by a number of means,
such as ingestion of edible plants (e.g., cassava, spinach),
inhalation of smoke from cigarettes or fires, or accidental
exposure during industrial operations (e.g., pesticide pro-
duction) [1-3]. Once cyanide is introduced into cells, it
inhibits cytochrome ¢ oxidase, which subsequently causes
cellular hypoxia, cytotoxic anoxia, and may eventually re-
sult in death [4]. Several literature sources have reported that
the half-life of CN is less than one hour in mammalian
species (e.g., humans, rats, pigs), which makes confirmation
of cyanide exposure via direct analysis difficult if a signif-
icant amount of time has elapsed between exposure and
analysis [3, 5-8]. Therefore, other markers of cyanide ex-
posure have been proposed. One such marker is thiocyanate
(SCN"), the major metabolite of cyanide. In the presence of
a sulfur donor (e.g., thiosulfate), about 80 % of cyanide is
metabolized to thiocyanate through an enzyme catalyzed
reaction (Fig. 1) [7-9].

Numerous procedures have been developed for the indi-
vidual analysis of either cyanide or thiocyanate by gas-
chromatography (GC) [2, 10—18]. While cyanide, as HCN,
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CN" + Sulfur donor (e.g., S,05") SCN

Rhodanese

Br

F F

PFB-CN PFB-SCN

Fig. 1 The conversion of cyanide to thiocyanate and reaction of these
cyanide exposure markers with pentafluorobenzyl bromide (PFB-Br)

is volatile and may be analyzed by head-space GC [11-13],
thiocyanate is not volatile. Therefore, SCN™ must be chem-
ically modified to a semi-volatile compound for analysis by
GC. Methylation to methyl thiocyanate with dimethyl sul-
fate [15], conversion to cyanogen chloride by chloramine-T
[18, 19], and alkylation with pentafluorobenzyl bromide
(PFB-Br) [2, 10, 20] are among the methods that have been
reported for analysis of SCN™ by GC. After GC separation,
CN™ and SCN™ have been detected using electron capture
[21-23], nitrogen-phosphorus detection [24-26], and mass
spectrometry (MS) [2, 10, 27]. Although each detector has
advantages and disadvantages, MS detectors have several
advantages, including extreme sensitivity and the ability to
perform stable isotope dilution, which greatly increases the
precision of most bioanalytical methods. Therefore, MS
detectors are well-suited for detection of trace amounts of
chemical substances from biological samples. For a recent
review of methods for the analysis of cyanide and thiocya-
nate, refer to Logue et al. [3].

Within the last decade, there has been a single report of
the simultaneous analysis of CN" and SCN from biological
fluids by GC-MS [10]. PFB-Br was used to yield volatile
adducts of CN™ and SCN (Fig. 1) from saliva samples, and
analysis was performed using electron ionization GC-MS.
Although the extraction and analysis of CN and SCN
were simple, the chemical modification of cyanide and
thiocyanate was only 55-65 % efficient, the internal stan-
dard did not correct for variations in the derivatization
reaction, and the method was only tested with saliva. The
detection limits for the method were 1 uM for cyanide and
5 uM for thiocyanate. In addition, attempts to simultaneous-
ly analyze plasma CN ™ and SCN™ using the Paul and Smith
[10] method in our laboratory resulted in the inability to
analyze low concentrations of CN~ because of an unre-
solved interfering species. Therefore, although SCN™~ was
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easily analyzed from plasma by Paul and Smith [10] method, a
novel method was necessary for simultaneous analysis of CN ™~
and SCN from plasma.

In the current report, a simple and sensitive chemical
ionization-gas chromatography-mass spectrometry (CI-GC-
MS) method for the simultaneous detection of cyanide and
thiocyanate from plasma is presented. This method was used
to determine cyanide and thiocyanate concentrations in
swine plasma following cyanide exposure.

Experimental
Reagents and standards

Sodium cyanide (NaCN), sodium tetraborate decahy-
drate, sodium hydroxide (NaOH), and all solvents
(HPLC-grade or higher) were purchased from Fisher
Scientific (Fair Lawn, NJ, USA). Sodium thiocyanate
(NaSCN) was purchased from Acros Organics (Morris
Plains, USA). PFB-Br was obtained from Thermo Sci-
entific (Hanover Park, IL, USA). The phase transfer
catalyst, tetrabutylammonium sulfate (TBAS; 50 % w/
w solution in water) was acquired from Sigma-Aldrich
(St. Louis, MO, USA). Isotopically labeled internal
standards, NaS"*C'*N (99 % '*C, 98 % '°N) and
Na'*C'>N (99 % '*C, 98 % '°N), were acquired from
Isotech (Miamisburg, OH, USA). HPLC-grade water
was used to prepare all aqueous solutions. Single cya-
nide and thiocyanate stock solutions (1 mM each) were
prepared and diluted to the desired working concentra-
tions for all experiments. Note: Cyanide is toxic and is
released as HCN in acid solutions. Therefore, all sol-
utions were prepared in a well-ventilated hood, and
aqueous standards were prepared in 10 mM NaOH.

Biological fluids

Swine (Sus scrofa) plasma was acquired from three sources:
(1) plasma with EDTA anti-coagulant was purchased from
Pelfreeze Biological (Rogers, AR, USA), (2) citrate anti-
coagulated plasma was obtained through the Veterinary
Science Department at South Dakota State University, and
(3) cyanide-exposed plasma was acquired from Wilford Hall
Medical Center (Lackland Air Force Base, TX). Upon re-
ceipt, the plasma was frozen and stored at —80 °C until
utilized for optimizing analytical methodologies for sample
analysis.

Four swine (about 50 kg each) were injected (intramus-
cularly) with different doses ranging from 7.5 to 15 mg/kg
of potassium cyanide. Arterial blood samples were drawn,
and plasma was taken from those blood samples at 13
different time points, including a baseline, 15 min, apnea
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(around 9 min), and ten additional time points post-apnea (2,
4,6, 8, 10, 20, 30, 40, 50, and 60 min). The plasma samples
were then shipped on ice to SDSU for analysis for CN™ and
SCN". The swine study was conducted in accordance with
the guidelines stated in “The Guide for the Care and Use of
Laboratory Animals” in an AALAS (American Association
for Laboratory Animal Science) accredited facility and were
approved by the appropriate institutional review boards.

Sample preparation

Spiked and non-spiked biological samples (100 pL) were
added to 2 mL micro-centrifuge vials. Aliquots (100 pL
each) of Na'>C'’N (200 uM) and NaS'*C'>N (100 uM)
were added to the sample vials as internal standards along
with TBAS (800 pL of 10 mM TBAS in a saturated solution
of sodium tetraborate decahydrate, pH 9.5) and PFB-Br
(500 pL of a 20 mM solution in ethyl acetate). The solution
was vortexed for 2 min, heated at 70 °C in a heating block
for 1 h, and centrifuged for 4 min (room temperature) at
10,000 rpm (9,300xg) to separate the organic and aqueous
layers. An aliquot (200 pL) of the supernatant organic layer
was then transferred into a GC-MS autosampler vial fitted
with a 200 uL glass insert for subsequent GC-MS analysis.
The total sample preparation time was around 1.5 h and was
essentially one step.

Gas chromatography-mass spectrometry

Prepared samples were analyzed for PFB-CN and PFB-SCN
using an Agilent Technologies 6890 N gas chromatograph
and a 5975B inert XL electron ionization/chemical ioniza-
tion mass selective detector in CI mode with a 7683 B series
autosampler. An 80 % dimethyl-20 % diphenyl polysilox-
ane capillary column (30 mx0.25 mm ID, 0.5 pm film
thickness; Restek, Bellefonte, PA) was used with helium
as the carrier gas at a flow rate of 1 mL/min and a column
head pressure of 8.10 psi. The injection (splitless, split delay
1 min) volume was 1 pL, and the injection port was held at
210 °C. The GC oven was initially heated to 60 °C. Upon
injection, the temperature was increased to 165 °C at 7 °C/
min and then elevated to 270 °C at a rate of 50 °C/min,
where it was held for 1 min. The overall analysis time was
18.10 min with PFB-CN and PFB-SCN eluting at approxi-
mately 8.3 and 12.1 min, respectively. It is to be noted that
the internal standards co-clute with the native species, thus,
they all have same retention time as that of the native
species. Attempts were made to shorten the overall run time,
but the resolution and/or symmetry of the analyte peaks
became unacceptable. The MS source and MS quad temper-
atures were 250 °C and 150 °C, respectively. Methane was
used as a reagent gas for positive ion CI with electron
energy of 150 eV. The abundant ions of PFB-CN [m/z,

208 (95 %) and 209 (5 %)], PFB-">C"°N [m/z, 210 (91 %)
and 211 (9 %)], PFB-SCN [m/z, 240 (93 %) and 241(7 %)],
and PFB-S'>C'°N [m/z, 242 (91 %) and 243 (9 %)] were
monitored with selected ion monitoring (SIM). It should be
noted that the internal standards used only differed by two
mass units. Therefore, mass carryover, (i.e., potential over-
lap between naturally occurring stable isotopes of the target
analyte and the labeled internal standard) must be consid-
ered, especially at high analyte concentrations (e.g., a sig-
nificant concentration of stable isotopes from the analyte at
may contribute to the internal standard signal causing an
overestimation of the internal standard). Therefore, a rela-
tively large concentration of internal standard was used
throughout the study.

Calibration, quantification, and limit of detection

Bioanalytical method validation was accomplished by gen-
erally following the Food and Drug Administration guide-
lines [28]. Aqueous cyanide and thiocyanate stock solutions
(1 mM each) were used for preparing calibration and quality
control (QC) standards. From the stock solutions, calibra-
tion standards for CN~ (10, 20, 50, 100, 200, 500, and
1,000 uM) and SCN™ (0.5, 1, 2, 5, 10, 20, 50, 100, and
200 uM) were prepared in swine plasma. To obtain a cali-
bration equation, the average signal ratios from analyses
(i.e., peak-area ratio of the analyte to the internal standard)
were plotted as a function of CN or SCN  concentration.
Peak integration was performed manually from baseline to
baseline in ChemStation software (Agilent Technologies,
Santa Clara, CA). A non-weighted and a weighted (1/x%)
least-squares linear fit were used for cyanide and thiocya-
nate, respectively. The best model for each analyte was
determined by a weighted sum-of-squares analysis.

For determining the upper limit of quantification
(ULOQ) and lower limit of quantification (LLOQ), a per-
cent relative standard deviation (%RSD) of <10 % (as a
measure of precision) and a percent deviation within £20 %
back-calculated from the nominal concentration of each
calibration standard (as a measure of accuracy) were used
as inclusion criteria for the calibration standards. QC stand-
ards (N=5) were prepared in swine plasma at three different
concentrations—15 (low QC standard), 75 (medium QC
standard), and 350 puM (high QC standard) for cyanide
and 1.5 (low QC standard), 15 (medium QC standard), and
150 uM (high QC standard) for thiocyanate. The QC stand-
ards were analyzed in quintuplicate each day for 3 days and
were run in parallel with the calibration standards. Intra-
assay precision and accuracy were calculated from each
day’s analysis, and inter-assay precision and accuracy were
calculated from the comparison of the data gathered from
three separate days. It should be noted that the inter-assay
and intra-assay studies were conducted within 1 week.
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The limit of detection (LOD) was found by analyzing
multiple concentrations of CN™ and SCN™ below the LLOQ
and determining the lowest concentration with a signal-to-
noise ratio (peak-to-peak) of at least 3.

Selectivity, stability, and recovery

The assay selectivity was defined as the ability to differen-
tiate and quantify the analytes (i.e., PFB-CN and PFB-SCN)
in the presence of other components in the sample. Selec-
tivity was determined by comparing three blank samples of
swine plasma with spiked swine plasma (350 uM cyanide
and 150 pM of thiocyanate) and determining if chemical
components in the plasma interfered with the ability to
quantify PFB-CN and PFB-SCN. The peak asymmetry
(4,) was calculated by dividing the front half-width by the
back half-width at 10 % peak height [29].

For evaluating the stability of cyanide and thiocyanate,
swine plasma was spiked with high and low QC concen-
trations of each analyte. These samples were then stored
under multiple conditions (=80 °C, —20 °C, 4 °C, and
room temperature (RT)) and analyzed over multiple stor-
age times. Cyanide and thiocyanate were considered to be
stable under the conditions tested, if the calculated con-
centration of the stored sample was within 10 % of the
initial concentration. For the long-term stability of cya-
nide and thiocyanate, three aliquots of spiked plasma
were stored and analyzed (each in triplicate) on the day
of preparation and after 1, 2, 5, 10, and 30 days of
storage at the temperatures indicated. Freeze—thaw stabil-
ity of CN™ and SCN and autosampler stability of PFB-
modified CN™ and SCN were also evaluated. For freeze—
thaw stability, three aliquots each of the high and low QC
standards of both cyanide and thiocyanate were initially
analyzed and then stored at —80 °C for 24 h. The samples
were then thawed unassisted at room temperature. One
set of samples was analyzed, and the non-analyzed sam-
ples were refrozen for 24 h at —80 °C. This process was
repeated two more times. At the time of each analysis,
internal standards were added to correct for variations due
to sample preparation and instrumental errors. To deter-
mine the autosampler stability of PFB-modified CN™ and
SCN', the cyanide and thiocyanate spiked plasma sam-
ples were reacted with PFB-Br, placed in the autosampler,
and analyzed at approximately 1, 2, 6, 12, and 24 h.

For recovery experiments, three aliquots of high, medi-
um, and low aqueous QC standards of cyanide and thiocy-
anate were analyzed and compared with plasma samples
spiked with equivalent concentrations of cyanide and thio-
cyanate. The recoveries of cyanide and thiocyanate were
calculated as a percentage by dividing the recovered analyte
concentration by the calculated concentration of the appro-
priate aqueous QC standards.

@ Springer

Results and discussion
GC-MS analysis and selectivity

For simultaneous analysis of cyanide and thiocyanate by
GC-MS, CN and SCN were reacted with PFB-Br to create
semi-volatile species, PFB-CN and PFB-SCN (Fig. 1). Rep-
resentative selected ion chromatograms (SIM) (i.e., m/z=
208 for PFB-CN and m/z=210 for PFB-SCN) of non-spiked
and spiked swine plasma and spiked water sample can be
seen in Figs. 2 and 3. PFB-CN and PFB-SCN eclute at 8.3
and 12.1 min, respectively. The peak shape for PFB-CN was
sharp and symmetrical (4,=1.14) while the peak for PFB-
SCN showed some tailing (4;=2.40). The method showed
excellent selectivity for CN™ and SCN in the presence of
other sample constituents. PFB-CN showed no interfering
background signal (Fig. 2), and although a small PFB-SCN
peak (8.3 uM) does elute from non-spiked swine plasma
(Fig. 3, lower trace), this was attributed to endogenous
thiocyanate in the plasma as confirmed by MS fragmenta-
tion [10, 18]. Multiple studies have shown the presence of
SCN' in biological fluids (e.g., plasma, saliva, urine) from
subjects not exposed to cyanide. This SCN™ likely comes
from multiple sources, such as foods (e.g., cheese, milk,
cabbage family) [30-32]. The endogenous swine plasma
SCN' concentrations for the swine plasma tested in our
lab ranged from 8.2—46.6 M. For comparison, the endogenous
plasma SCN™ concentrations from humans (non-smokers)
range from 4.83-87.5 uM [33-35]. If the peak at 12.1 min is
considered endogenous plasma SCN, both analyte peaks were
well-resolved from any interfering peaks (Ry=15 from the

PFB-CN

Spiked water sample
(350 uM cyanide)

Spiked swine plasma
(350 uM cyanide)

Abundance (arbitrary units)

Non-spiked swine plasma

8 8.1 8.2 8.3 8.4 8.5 8.6

Time (min)

Fig. 2 GC-MS chromatographs of PFB-CN in spiked (350 uM, upper
trace) and non-spiked (lower trace) swine plasma monitored in SIM
mode (m/z=208)



Simultaneous determination of cyanide and thiocyanate

2291

PFB-SCN

Spiked water sample
(150 uM thiocyanate)

Abundance (arbitrary units)

Spiked swine plasma
(150 uM thiocyanate)

Non-spiked swine plasma

Table 1 LOD and linearity of cyanide and thiocyanate in swine
plasma samples

Analyte LOD (uM)  Linearity (uM)  Regression equations

Cyanide 1 10-20,000 =0.0020x—0.0012
(day 1)

$=0.0022x+0.0000
(day 2)

=0.0019x+0.0022
(day 3)

=0.017x+0.034
(day 1)

=0.017x+0.057
(day 2)

=0.016x+0.072
(day 3)

Thiocyanate  0.05 0.5-200

11.8 11.9 12 12.1 12.2 12.3 124 12.5
Time (min)

Fig. 3 GC-MS chromatographs of PFB-SCN in spiked (150 pM,
upper trace) and non-spiked (lower trace) swine plasma monitored
in SIM mode (m/z=240)

nearest peak at 7.7 min for CN™ (not shown) and R;=4 from the
nearest visible peak at 11.8 min for SCN").

Detection limit, calibration, and linearity

The LODs (signal-to-noise-ratios greater than 3:1) for cya-
nide and thiocyanate were found to be 1 uM and 50 nM,
respectively. These limits of detection easily allow quantifi-
cation of typical biological concentrations of both cyanide
and thiocyanate and compare favorably with other similar
methods [3]. Kage et al. [2] reported the detection limits for
a similar GC-MS method to monitor cyanide and thiocya-
nate separately in whole blood to be 10 and 3 uM, respec-
tively. Paul and Smith [10] reported limits of detection to be
1 uM for cyanide and 5 uM for thiocyanate from saliva
samples.

Using the current method, both calibration curves for
cyanide (unweighted) and thiocyanate (weighted, 1/x%) were
found to be linear with correlation coefficients of 0.9999.
The calibration curves and the regression equation of both
cyanide and thiocyanate in plasma samples are listed in
Table 1. The LLOQ was found to be 10 uM for cyanide
and 0.5 uM for thiocyanate. The ULOQ was 20 mM for
cyanide and 200 pM for thiocyanate. The linear ranges for
CN and SCN are also presented in Table 1. It is interesting
to note that, while the typical linear ranges for GC-MS
methods span two orders of magnitude [36-38], the linear
range of CN for this method, spanning over three orders of
magnitude, is extraordinarily large. The linear range of
SCN' is also excellent, although it does not cover a full

three orders of magnitude. The stability of the calibration
curve during the interday study was excellent as evident by
the stability of the slope—0.0019-0.0022 for CN and
0.016-0.017 for SCN . LLOQs and ULOQs were not
reported by Kage et al. [2] or Paul and Smith [10].

Accuracy and precision

The accuracy and precision of the method were determined
by quintuplicate analysis of three different QC standards
(15, 75, and 350 uM for cyanide; 1.5, 15, and 150 uM for
thiocyanate) on three different days (Table 2). The precision
of the method was excellent, with both the infra-assay and
inter-assay precisions below 9 % RSD. The accuracy for
intra-assay and inter-assay analyses was also excellent
(#9 % of nominal concentrations). Full accuracy and preci-
sion values were not reported for the Kage et al. [2] and Paul
and Smith [10] methods, although for a single sample ana-
lyzed in quintuplicate, Paul and Smith [10] reported a
%RSD of 11.6 % for CN and 4.3 % for SCN .

Assay recovery, stability, and robustness

Assay recoveries for cyanide and thiocyanate are reported in
Table 3. The recoveries for both cyanide and thiocyanate
were excellent at high, medium, and low analyte concen-
trations. The recovery of cyanide ranged from 91-99 %
while the recovery for thiocyanate ranged from 92-93 %.
These recoveries are greater than the 80 % recoveries
reported by Kage et al. [2] and 55-65 % recoveries reported
by Paul and Smith [10].

Cyanide and thiocyanate stabilities were evaluated in spiked
plasma at —80, =20, 4 °C, or RT, and for three freeze—thaw (FT)
cycles. Cyanide was stable for 2 days at —80, —20, and 4 °C and
was quickly removed from plasma at RT (<1 h). For the freeze—
thaw stability experiment, the concentrations of cyanide and
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Table 2 The accuracy and pre-

cision of cyanide and thiocya- Analyte Concentration Intraassay Interassay
nate analysis from spiked swine (nM)
plasma by CI-GC-MS Accuracy (%) Precision (%RSD)* Accuracy (%)° Precision
(%RSD)°
Cyanide 15 104.7 22 107.1 5.2
75 100.4 2.1 101.3 2.5
350 102.8 1.7 101.5 1.1
?QC method validation (N=5) Thiocyanate 1.5 100.1 5.8 98.4 8.4
for day 3 15 102.8 2.6 103.0 3.6
"Mean of three different days of 150 92.1 0.8 92.1 1.6

QC method validation (N=15)

thiocyanate after one FT cycle were within 10 % of the original
concentration for both high and low QC standards (approxi-
mately 92 % for cyanide and 97 % for thiocyanate). For FT
cycles 2 and 3, the concentrations of cyanide and thiocyanate
were below 10 % of the initial concentration for both the high
and low QC standards. The concentrations of cyanide and
thiocyanate fell after each consecutive FT cycle but, for both
cycles 2 and 3, the stability was near 80 % (£6 %) of the
original concentration for both the high and low QC standards.
Thus, FT experiments suggest that CN and SCN  are stable
for no more than 1 cycle. Low temperatures do increase the
stability of CN~ as compared with RT, presumably because
microbial growth and the rate of enzymatic reactions for
cyanide conversion are reduced [39]. Although this is the
case, cyanide has been found to be generally unstable at
low temperatures compared with other markers of cyanide
exposure [40, 41].

The instability of CN  in biological samples was
expected because HCN is volatile and is quickly lost from
biological samples at pH values below 7-8 (HCN pK,=9.2).
CN'" is also nucleophilic and may react with sulfur-
containing compounds, aldehydes, or ketones to form
cyano-adducts [42]. Previous studies have found that cya-
nide can convert to SCN under common storage conditions
[3]. Analysis of SCN™ concentrations during the stability
study shows that this was not the case. Alternatively, cya-
nide can also be produced from biological samples under
certain storage conditions [42]. Many micro-organisms

Table 3 Recovery (expressed as percentage) of cyanide and thiocya-
nate from spiked swine plasma samples

Analyte Concentration (M) Recovery (%)
Cyanide 15 91

75 99

350 95
Thiocyanate 1.5 92

15 92

150 93

@ Springer

produce cyanide as a result of putrefaction or single-
carbon metabolism [43—45], and non-specific oxidative
reactions may produce cyanide from organic compounds.
The loss of cyanide during the stability experiments indicate
that cyanide generation does not occur or is only a minor
process. Although it has been found that additives may help
reduce cyanide loss or production (e.g., addition of silver
ions can help stabilize CN  under storage and active
oxygen-scavenging reagents, such as ascorbic acid, reduce
cyanide production [40, 43]), the use of additives was not
evaluated in this study.

Thiocyanate was stable for up to 5 days at —80, —20, or
4 °C and 1 day at RT. It has been found that SCN™ can be
converted to cyanide in the presence of erythrocytes [46], or
oxidizing agents such as nitrite and hydrogen peroxide in
samples under storage or during analysis [45, 47]. Our
observations suggest that this mechanism is not a major loss
mechanism in this study as no increase in cyanide occurred
in the samples as thiocyanate levels decreased. Thiocyanate
has also been found to bind to albumin or other proteins

PFB-CN

/

PFB-SCN

.
N

KCN (7.5 mg/kg) exposed swine plasma

L

Non-exposed swine plasma

Abundance (arbitrary units)

|

8 8.5 9 95 10

115 12

105 11 125 13

Time (Min)

13.5

Fig. 4 GC-MS total ion chromatographs (TIC) of potassium cyanide
(7.5 mg/kg) exposed swine plasma and non-exposed swine plasma
(lower trace), both without internal standard



Simultaneous determination of cyanide and thiocyanate

2293

which may result in a decrease of free thiocyanate concen-
trations [48].

Derivatized cyanide and thiocyanate stabilities were eval-
uated in spiked plasma at approximately 1, 2, 6, 12, and 24 h
after placement in an autosampler. The calculated concen-
trations of both cyanide and thiocyanate were within 10 %
of the initial concentration at all times tested. Thus, both
derivatized cyanide and thiocyanate were stable for at least
24 h when placed in an autosampler.

Application of the method

The method described in this paper was used to analyze
plasma cyanide and thiocyanate concentrations in a toxico-
kinetics study of acute cyanide exposure in pigs. Figure 4
shows GC-MS total ion chromatographs (TIC) of plasma
samples of potassium cyanide (7.5 mg/kg) exposed (upper
trace) and non-exposed (lower trace) swine. The peaks of
derivatized cyanide (i.e., PFB-CN) and derivatized thiocya-
nate (i.e., PFB-SCN) are observed at around 8.3 and
12.1 min, respectively. The method presented here per-
formed very well in this study. The simple sample prepara-
tion allowed quick analysis of the large number of samples
and standards generated from the study and the low LOQs
allowed quantification of CN~ and SCN in all plasma
samples. The full results of this toxicokinetic study will be
published in the near future.

Conclusions

A simple analytical method for the simultaneous determina-
tion of cyanide and its major metabolite, thiocyanate, was
developed using CI-GC-MS. The described analytical meth-
od includes one-step sample preparation and is sensitive,
accurate, and precise with high recoveries. In addition, the
method described yielded excellent detection limits for both
CN and SCN', and large linear ranges for CN™ and SCN™
were observed. Sample preparation was minimal and only
lasted approximately 1.5 h for single samples, and within a
24-h period, approximately 70 parallel samples were pro-
cessed and analyzed. The ability to detect both cyanide and
thiocyanate simultaneously provides efficiency and economy
of samples and reagents, as well as a reduction in labor cost.
The method presented was able to identify cyanide-exposed
swine in a pig plasma samples in a toxicokinetics study
through analysis of CN™ and its major metabolite, SCN .
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