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ABSTRACT: To investigate the effects of heat on blood cyanide
concentrations, in vitro experiments were performed using a head-
space gas chromatographic method. Cyanide concentrations were
determined for solutions of human hemoglobin (Hb) at neutrality,
and for blood which was sealed in a vial and incubated at 25, 50,
63, 75 and 90°C for 1 h. Spontaneous cyanide production was also
measured. Nearly all of the added cyanide was recovered in both
the Hb and for blood samples which were heated below 63°C.
Cyanide recovery in Hb decreased in a temperature-dependent man-
ner at temperatures above 75°C, and more than half of the recovered
cyanide was found to be in the free form. In contrast, cyanide in
blood disappeared more rapidly, and a major portion of it existed
in the bound form. Cyanide concentrations in Hb solutions which
were heated at 90°C dropped in the two phases; a rapid initial phase,
followed by a slower process. Spontaneous cyanide production was
observed at temperatures above 50°C for Hb and above 63°C for
blood. Under optimal conditions (75°C heating), about 0.2 mmol
of cyanide was produced per mol heme of Hb.
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Cyanide is a potent toxic agent that prevents tissue use of oxygen
by inhibition of the terminal cellular respiratory enzyme cyto-
chrome oxidase (1). Besides widespread usage in industry, hydro-
gen cyanide (HCN) is produced when nitrogen-containing
materials pyrolize or burn (2). Recently, it has been reported that
significant amounts of cyanide are detectable in the bloods of fire
victims (3), suggesting that cyanide may be involved as a lethal
agent in fires (4). Therefore, cyanide determinations in blood
should be conducted not only as evidence of acute cyanide poison-
ing in unnatural death (5), but also as a diagnostic parameter of
inhalation of HCN gas in order to elucidate the cause of death in
fires (6). The blood samples drawn from heavily burned fire victims
often show signs of heating as evidenced by blood coagulation.
Therefore, cyanide alterations caused as a result of a fire must be
taken into account when such unusual blood samples are examined.
Although changes in blood cyanide concentrations during storage
have been investigated extensively (7), postmortem cyanide alter-
ation by heating has not been examined extensively. In this paper,
using headspace gas chromatography (HS-GC) as a cyanide assay
method (8), the effects of heating on the alteration of cyanide
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concentrations in human hemoglobin (Hb) and in blood samples
is examined.

Materials and Methods
Cyanide Determination by Head-Space Gas Chromatography

Cyanide concentrations were determined by the HS-GC method
as described previously (8,9). A 5890A gas chromatograph (Yoko-
gawa Hewlett-Packard, Tokyo, Japan), equipped with a nitrogen
phosphorus detector and split injector was used for the study.
Stationary phase was a GS-Q column (30 m X 0.53 mm id., J&
W Scientific, Folson, CA) and helium was used as the carrier-gas
at a flow-rate of 4.7 mL/min. The injection port, detector and
column oven were maintained at 200°C, 250°C and 130°C, respec-
tively. The split ratio was adjusted to 3.5. HS equilibrium was
attained using a screw cap septum vial (7 mL, Pierce Co., Rockford,
IL). Samples were added into the vial, which was sealed with a
Tuf-Bond Disc (Pierce Co.), and 0.2 mL of 50% phosphoric acid
was introduced through the disc using a glass tip syringe (0.5 mL,
Top Co., Tokyo, Japan) and needle (25 gauge X 17, 0.50 X 25
mm, Terumo Co., Tokyo, Japan). The mixture was allowed to
stand at 50°C for 30 min, and 0.5 mL of gaseous phase in the
sealed vial was injected into the GC using a glass tip syringe (1.0
mL) and needle (25 gauge X 1”). The cyanide concentration was
then normalized to the pressure value in the HS vial. The retention
time of HCN was 2.7 min, and the quantitation limit was roughly
1 ng (S/N = 3.5) cyanide.

Heating Experiments

Human Hb was prepared from out-dated transfusion blood and
its heme concentration was measured as described previously (9).
A standard cyanide solution was prepared from potassium cyanide
as described previously (8). Heating of blood or Hb solutions were
performed in a HS vial. Into a vial, 0.82 pmol (heme) of Hb or
0.2 mL of blood, 20 pmol of sodium phosphate (pH 7) in 0.8 mL
aqueous solution with or without cyanide (200 ng for Hb, 100 ng
for blood) was added, sealed as described above, and incubated
at constant temperature (25, 50, 63, 75, 90°C) for 1 h. At the end
of the heating period, 0.5 mL of HS gas was injected into the
GC (for temperatures above 63°C, HS gas was applied after an
additional 50°C incubation for 30 min). Next, 0.2 mL of 50%
phosphoric acid was introduced into the remaining vial, which
was allowed to stand at S0°C for 30 min, and 0.5 mL of HS gas
was injected into the GC. The free cyanide is defined as cyanide
form, which is detected in blood or Hb sample solution without
phosphoric acid treatment, and the bound one is as that which is
only detected with phosphoric acid treatment. Standard samples
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for a calibration curve were performed as follows, in consideration
of the matrix effect (10), for the partition coefficient of HCN
between the gas phase and the liquid phase could be changed
according to the sample matrix alteration produced by heat treat-
ment. Heat-treated Hb or blood samples devoid of cyanide were
fortified with known amounts of cyanide, phosphoric acid was
introduced into the HS vial, and the cyanide concentration was
determined by HS-GC method. The matrix effect of the heat-treated
samples gave values nearly identical to the non-treated samples.

Results
Cyanide Disappearance During Heating

The Hb solution that was fortified with cyanide in phosphate
buffer (pH 7) was incubated at an appropriate temperature for 1
h. The free and the total (free plus bound) cyanide concentrations,
determined by the HS-GC before and after phosphoric acid addi-
tion, are shown in Fig. 1. Below 63°C, almost all of the fortified
cyanide was recovered as the bound form. Above 75°C, the total
cyanide concentration was lower with increasing temperature, and
more than half of the recovered cyanide was found as the free form.

Figure 2 shows the recovery results for heated blood. Below
63°C, almost all of the added cyanide was recovered as the bound
form. Above 75°C, the recovery was considerably lower with
increasing temperature, and greater portions of the recovered cya-
nide was found as the bound form.

Figure 3 shows the curve for the disappearance of cyanide in
Hb solution incubated at 90°C. The total cyanide concentrations
decreased rapidly within 10 min to about a 60% level (diminution
rate 8%/min), and then gradually decreased (0.4%/min). Except
for the initial rapid phase, the free cyanide consisted of nearly half
of the total cyanide recovered.
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FIG. 1—Cyanide recovery in heated hemoglobin solutions. Cyanide
concentrations before (shaded boxes) and after (drawn boxes) phosphoric
acid addition were expressed as the percentage of those for untreated
samples.
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FIG. 2—Cyanide recovery in heated blood solution. Cyanide concentra-
tions before (shaded boxes) and after (drawn boxes) phosphoric acid
addition were expressed as the percentage of those for untreated samples.
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FIG. 3—Cyanide disappearance in hemoglobin solution during heating.
Cyanide (7.7 nmol) was incubated in 0.8 mL solution containing 0.82
wmol heme of Hb and 20 pmol of sodium phosphate (pH 7) at 90°C for
a designated time, then quickly cooled to 0°C. After 50°C incubation for
30 min, 0.5 mL of HS gas was injected into the GC. Next, the remaining
HS vial was introduced with 0.2 mL of 50% phosphoric acid, incubated
at 50°C for 30 min, and 0.5 mL of HS gas was applied to GC. Cyanide
concentrations determined by HS-GC before (O) and after (®) phosphoric
acid addition were expressed as the percentage of those for untreated
samples.



Similar recovery experiments were performed for the cyanide
solutions (200 ng) in buffers with and without bovine serum aibu-
min (15 mg). At 75°C and 90°C heating for 1 h, 90% and 75%
of the cyanide were recovered in the buffer solution, respectively.
At 75°C and 90°C heating for 1 h in albumin solution, 43% and
9.7% of the cyanide were recovered as the free form, and 49%
and 8.9% as the total form, respectively.

Spontaneous Cyanide Production During Heating

A Hb solutions (830 nmol heme) in phosphate buffer (pH 7) in
a sealed vial (which was not spiked with cyanide) was heated for
1 h. The cyanide concentrations determined by HS-GC before
and after phosphoric acid addition are shown in Fig. 4. Cyanide
production in Hb was only observed above 50°C. At 50°C heating,
all of the produced cyanide was recovered as the bound form. At
63°C heating, about half was found as the free form, and above
75°C, a considerably larger portion was found as the free form.
Under optimal conditions, 4.7 ng (0.18 nmol) of cyanide was
produced by heating Hb at 75°C.

As shown in Fig. 5, spontaneous cyanide production in blood
(0.2 mL) was also found above 63°C. Almost all of the cyanide
was recovered as the bound form. Under optimal conditions, 9.6
ng (0.37 nmol) of cyanide was produced by heating blood at 75°C.

Discussion

The following three postmortem alterations of toxic substances
(10) should be considered in forensic toxicology: phase I, a change
that occurs between the time of death and the time of sampling;
phase II, a change which occurs between the time of sampling
and the time of analysis, that is, alteration during sample storage
and transfer; and phase II1, a change which occurs during analysis.
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FIG. 4—Spontaneous cyanide production in hemoglobin solution during
heating. Cyanide concentrations were determined by HS-GC before
(shaded boxes) and after (drawn boxes) phosphoric acid addition.
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FIG. 5—Spontaneous cyanide production in blood during heating. Cya-
nide concentrations were determined by HS-GC before (shaded boxes)
and after (drawn boxes) phosphoric acid addition.

In contrast, as in vivo cyanide alterations, the following molecular
events should be considered: metabolism to thiocyanate by mito-
chondrial rhodanase (11), covalent binding with proteins con-
taining cystine (12) and ligand interactions with cobalamine or
heme proteins (1). These changes can be expected to occur, in part,
as postmortem alterations. Existence of erythrocytic thiocyanate
oxidase activity has also been suggested (13), but this may be
an artifact (9). There are also reports alluding to the metabolic
conversion of organic nitrile or organic thiocyanate to cyanide in
animal tissues (14), but human blood does not appear to support
these conversions.

There are many reports about cyanide phase II alterations such as
Ballantyne’s extensive works (7). Concerning the phase I changes,
some laboratories have investigated the effects of heating on blood
carbon monoxide concentrations (15,16) and toluene concentra-
tions in eggs (17). However, there appears to be no published
reports about cyanide alteration during heating. Most of the cyanide
added to whole blood is localized in erythrocytes, and methemoglo-
bin (Met-Hb) is the main component, which traps cyanide in blood
(18). When blood is subject to heating, the first observable event
is protein denaturation. Oxyhemoglobin is converted to Met-Hb
(19), and Met-Hb is readily denatured and precipitates via
hemichrome (20), in contrast to stable Met-Hb cyanide complex.
This bound form of cyanide can be released by acid treatment (9)
or by heating. The liquid phase conditions determine whether
released HCN is stable or decomposes. In this paper, HCN was
found to be relatively stable in buffer solution. Even after a 90°C
incubation, 75% of the added cyanide was recovered. The portion
corresponding to HCN loss (25%) may be due to leakage from
HS vial or the spontaneous breakdown of HCN. Considerable
amounts of cyanide disappeared from both blood and BSA solution
heated above 75°C. Cystine found in albumin could scavenge
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HCN by covalent binding (12), and this may explain some of the
disappearance. In contrast, almost half of the cyanide was recov-
ered in Hb solution heated above 75°C, and the released HCN
fraction was found as the free form. The loss in heated Hb solution
does not appear to be due to the specific scavenging by cystine,
but may be derived from the nonspecific reaction of HCN with
peptide chains or hemes. The recovery results in blood can be
explained from a combination of ligand binding by Met-Hb and
scavenging by albumin. Therefore, it should be concluded that
both Hb and albumin are involved in the in vitro kinetics of cyanide
in blood.

Postmortem cyanide production could give improper estimation
of cyanide poisoning from blood analysis. Considerable cyanide
production has been reported during storage (phase II change) and
the extent depends upon the storage conditions (7). Cyanide is
also produced as an artifact from thiocyanate under acidic condition
in the presence of erythrocytes (phase III change) (8,21). Superox-
ide anion radical is produced through oxyhemoglobin acidification
and oxidizes thiocyanate to form cyanide (9), and about 15 nmol
per 1 pmol thiocyanate can be expected to be produced by 0.2
mL blood. It is possible to prevent thiocyanate oxidation. by
ascorbic acid (9). It is also thought that, during the phase I change,
superoxide anion radical, which is produced through Hb heat dena-
turation, oxidizes proteins to liberate cyanide. However, the extent
of cyanide production via this pathway is quite small. The observ-
able heat-induced production levels (less than 50 ng/mL blood) is
far less than the toxic blood cyanide level (1 pg/mL) (22). This
suggests that there is negligible influence of spontaneous produc-
tion on the confirmation of cyanide poisoning for blood samples
from burned victims.

It can be speculated, for in vivo cyanide behavior during burning,
that HCN is released from Met-Hb cyanide complex by heat dena-
turation and the released HCN diffuses out of blood vessels via
plasma during which it encounters albumin. Therefore, there is a
possibility that the determined cyanide concentrations for the heat-
denatured blood are underestimated due to the postmortem cya-
nide disappearance.

References

(1) Way JL. Cyanide intoxication and its mechanism of antagonism.
Ann Rev Pharmacol Toxicol 1984;24:451-81.

(2) Temill JB, Montgomery RR, Reinharst CF. Toxic gases from fires.
Science 1978;200(4348):1343-7.

(3) Levin BC, Rechani PR, Gurman JL, Landren F, Clark HM,
Yoklavich MF, Rodriguez JR, Droz L, Mattos de Cabrera F, Kaye
S. Analysis of carboxyhemoglobin and cyanide in blood from
victims of the Dupont Plaza Hotel Fire in Puerto Rico. J Forensic
Sci 1990;35(1):151-68.

@
&)
(6)

)]

®

®

(109)
(1

(12)
(13)
14

15)
(16

an

(18)
19)
(20

21
(22)

Silverman SH, Purdue GF, Hunt JL, Bost RO. Cyanide toxicity in
burned patients. J TRAUMA 1988;28(2):171-6.

Vogel SN, Sultan TR. Cyanide poisoning. Clin Toxicol 1981;18:
367-83.

Barillo DJ, Goode R, Esch V. Cyanide poisoning in victims of fires:
analysis of 364 cases and review of the literature. J Burn Care
Rehabil 1994;15(1):46-57.

Ballantyne B. Artifacts in the definition of toxicity by cyanides and
cyanogens. Fund Appl Toxicol 1983;3(3):400-8.

Seto Y, Tsunoda N, Ohta O, Shinohara T. Determination of blood
cyanide by headspace gas chromatography with nitrogen-phosphorus
detection and using a megabore capillary column. Analyt Chim
Acta 1993;276(2):247-59.

Seto Y. Oxidative conversion of thiocyanate to cyanide by oxyhemo-
globin during acid denaturation. Archiv Biochem Biophys 1995;
321(1):245-54.

Seto Y. Determination of volatile substances in biological samples
by headspace gas chromatography. J Chromatogr A 1994;674:25-62.
Hol WG], Lijk LJ, Kalk KH. The high resolution three-dimensional
structure of bovine liver rhodanase. Fund Appl Toxicol 1983;3(3):
370-6.

Catsimpolas N, Wood JL. The reaction of cyanide with bovine serum
albumin. J Biol Chem 1964:239(2):4132-7.

Chung J, Wood JL. Oxidation of thiocyanate to cyanide catalyzed
by hemoglobin. J Biol Chem 1971:246(3):555-60.

Ohkawa H, Ohkawa R, Yamamoto I, Casida JE. Enzymatic mecha-
nisms and toxicological significance of hydrogen cyanide liberation
from various organothiocyanate and organonitriles in mice and
houseflies. Pesticide Biochem Physiol 1973;2:95-112.

Miyauchi C, Sakaki K. Carbon monoxide determination in postmor-
tem heated rat blood. Jpn J Legal Med 1975;29(1):22-6.
Yamamoto K, Kuwahara C. Changes of contents of CO and water
in blood exposed to heat—As to a possibility of estimating pre-
exposure CO content of thermally coagulated blood on the basis of
its water content. Z Rechtsmed 1982;87:237-42.

Tanaka N, Maeda H, Takayasu T, Nagano T. Medico-legal analysis
of volatile poisons from severely burned organs. I. A basic study
on toluene. Jpn J Legal Med 1984;38(2):218-23.

McMillan DE, Svobosa AC, IV. The role of erythrocytes in cyanide
detoxification. J Pharm Exp Therapeut 1982;221(1):37-42.
Hollocher TC. Electron spin resonance studies of the denaturation
of oxy- and methemoglobin. J Biol Chem 1966;241(9):1958-68.
Alves OC, Wajnberg E. Heat denaturation of metHb and HbNO:
e.p.r. evidence for the existence of a new hemichrome. Int J Biol
Macromol 1993;15(5):273-9.

Vesey CJ, Wilson J. Red cell cyanide. J Pharm Pharmacol
1978:;30(1):20-6.

Stead AH, Moffat AC. A collection of therapeutic, toxic and fetal
blood drug concentrations in man. Human Toxicol 1983;3:437-64.

Address requests for reprints or additional information to
Yasuo Seto, Ph.D.

National Research Institute of Police Science

6, Sanban-cho

Chiyoda-Ku

Tokyo 102 Japan



