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The Mode of Cyanide Detoxication

O. L. OKE

Department of Chemistry
University of Ife, lle-Ife, Nigeria

Oxg, O. L. 1973. The mode of cyanide detoxication, p. 97-104. In Chronic cassava toxicity:
proceedings of an interdisciplinary workshop, London, England, 29-30 January 1973. Int.
Develop. Res. Centre Monogr. IDRC-010e.

Abstract The mode of cyanide detoxication in the body is reviewed. The high amount of
thiocyanate found in the urine, saliva, and blood of people who eat a lot of cassava was from the
detoxication of the cyanide by the enzyme rhodanese which, through combination with thiosulfate
or colloidal sulfur, forms a polysulfide chain that can react with cyanide to release sulfur in a
suitable form to give thiosulfate. This enzyme represents the chief site of detoxication and occurs in
all parts of the body with the largest concentration in the liver.

Cyanocobalamin (vitamin By,) occurs in the liver to some extent as the hydroxocobalamin
(vitamin B,,,) which is capable of reacting with cyanide to give cyanocobalamin and hence another
important independent pathway for cyanide detoxication. 3-mercaptopyruvic acid, arising from
cysteine by transamination or deamination can provide sulfur as rapidly as thiosulfate for cyanide
detoxication.

Cystine reacts with cyanide to form cysteine and B-thiocyanoalanine which tautomerises to
2-aminothidizoline-4-carboxylic acid or its equivalent 2-imino-4-thiazolidine carboxylic acid
which is excreted.

Finally the thyroid gland shows some detoxicating effect. In the presence of powdered sheep
thyroid the lethal dose of acetonitrite for mice was 1.4 mg/g whereas it was 0.32 mg/g for those not
fed the powdered sheep thyroid.

Résumé  L'auteur passe en revue le processus de désintoxication du cyanure dans I'organisme.
La forte quantité de thiocyanate trouvée dans I'urine, la salive et le sang de personnes qui mangent
beaucoup du manioc provient de la désintoxication du cyanure par I'enzyme rhodanése. Cet
enzyme, en se combinant avec le thiosulfate ou avec le soufre colloidal, forme une chaine poly-
sulfurée qui peut réagir avec le cyanure pour libérer du soufre sous une forme capable de donner du
thiosulfate. Cet enzyme est le site principal de désintoxication et se rencontre dans toutes les parties
du corps, mais en plus fortes concentrations dans le foie.

On trouve une certaine quantité de cyanocobalamine (vitamine B,,) dans le foie. Il en est de
méme de Phydroxycobalamine (vitamine B,,,) qui peut réagir avec le cyanure pour donner de la
cyanocobalamine et qui est donc une autre voie métabolique indépendante importante pour la
désintoxication du cyanure. L'acide 3-mercaptopyruvique, provenant de la cystéine par trans-
mission ou désamination, peut fournir du soufre aussi rapidement que le thiosulfate pour la
désintoxication du cyanure.

La cystine réagit avec le cyanure pour former la cystéine et la f-thiocyanoalanine qui se trans-
forme par tautomérie en acide 2-aminothidizoline-4-carboxylique ou en son équivalent, I'acide
2-imino-4-thiazolidine carboxylique qui est ¢liminé.

Finalement, la glande thyroide joue un certain role désintoxicant. En présence de thyroide de
mouton en poudre, la dose létale d’acétonitrite chez les souris est de 1.4 mg/g, alors qu’elle est de
0.32 mg/g chez celles qui n’ont pas été nourries de thyroide de mouton.
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A problem that has long been of toxicological and
physiological importance is the source of small
amounts of thiocyanate found in urine, blood, and
saliva. Schmiedeberg (1867) isolated sodium thio-
sulfate as the barium salt from the normal urine of
cats and dogs, and Fromageot and Royer (1945)
showed it to be a normal metabolite in higher ani-
mals although the mechanism of its formation is
obscure. Vassel et al. (1944) found that dogs ex-
creted 2-15 mg thiosulfate—sulfur in 24 h whereas
humans excreted S0-125mg. Gast et al. (1950)
reckoned human beings excreted about 20 mg
thiosulfate-sulfur in 24 h. At first this was thought
to be due to small amounts of this substance
present in foodstuffs. Wokes et al. (1952) reported
concentrations of 0.1-10ppm in cow’s milk, i.e.
about 5.7-57 mg/pint. This source alone can ac-
count for a substantial portion of the thiocyanate.

Gemeinhardt (1938) analysed a large number of
plants and found that the thiocyanate concentra-
tion in all species ranged from about 30 to 950
mg/100 g with the higher figures in cabbage, car-
rots, and radishes. Wilson (1966) gave much
higher figures: 4.1 mg/100 g for sprouts, 1.9 for
caneflower, and 0.4 for peas and tomatoes. I found
(1970 unpublished data) 0.2-0.5 mg/100 g for cas-
sava products (gari and lafun). The highest values
were obtained by Williams (1967 personal com-
munication) for cassava and its products. He
obtained 600 mg/100 g for gari, 700-800 for lafun,
and 500-600 for yam flour. If we assume these
figures are correct, they lend support to the view
that thiocyanates are mainly derived from food,
increasing with heavy smoking (Lawton et al.
1943) or heavy consumption of beer or strong tea,
milk, eggs, and other animal protein sources, all
of which contain some preformed thiocyanate
(Wokes and Pikard 1955; Wedgewood and Wyatt
1952).

However, if we look at the thiocyanate content
of some of the commonly eaten foods in Nigeria,
it becomes obvious that ingestion of these will not
be sufficient to account for all the thiocyanate
observed in ataxic neuropathy. Even if we assume
a consumption of 2 kg gari/day, this will only give
8 pmoles thiocyanate/day which will rapidly dif-
fuse through the body fluids and becleared through
the kidneys. On the other hand ingestion of 2kg
gari or lafun will result in about 54 and 200 umoles
of hydrocyanic acid and hence it will be reasonable
to assume that the high thiocyanate content is
from the cyanide detoxication.

Lang (1894, 1895) showed that injections of
cyanide or aliphatic cyanides into rabbit increased
the thiocyanate excretion and this has been con-
firmed by Heymanns and Mesoin (1896). Pascheles
(1894) showed by in-vitro studies that when liver
or muscle tissue from a dog was digested with
NaCN, thiocyanate was produced, the liver tissue
being more active than the muscle. Kahn (1912)
found from a series of perfusion experiments with
liver that the amount of thiocyanate produced
increased with the number of perfusion trips and
hence confirmed that the liver was an active factor
in the production of thiocyanate.

Attention was therefore focused on thiocyanate
as a possible detoxication product of cyanide in
foods. Lang (1933a, b) postulated the existence of
an enzyme he called ‘rhodanese’ (since it syn-
thesises rhodanate) to be responsible for the reac-
tion under aerobic conditions in the presence of
thiosulfate or colloidal sulfur:

HCN + Na,S,0, . ... HSCN + Na,SO,

He found that the enzyme was heat-labile with an
optimum pH and substrate concentration of 8.3
and 1 mole cyanide:3 moles sodium thiosulfate
respectively. The rate of the reaction increases
with the temperature up to 38°C and the reaction
follows the Schurtz rule, i.e. K =XN,?, where
N, = the concentration of the enzyme, X = the
amount of substrate transformed in time ¢, and
K is constant. Moreover, the enzyme is widely
distributed in all parts of the body but with the liver
as the chief site.

Cosby and Summer (1945) purified the enzyme
and found that the reaction did not follow the
Schurtz rule regardless of the cyanide concentra-
tion. Many others have worked on the same line
and have found different optimum pH values and
different distribution patterns in the tissues
(Mendel et al. 1946; Bernard et al. 1947a,b;
Himwich and Saunders 1948).

The amount of rhodanese in the liver varies with
different animals so that detoxication may be
expected to take place at different rates. Himwich
and Saunders (1948) found the following levels for
the livers of animals:

0.78- 1.46 mg/g for dog,
10.08-15.16 mg/g for rhesus monkey,

7.98-18.92 mg/g for rabbit,
14.24--28.38 mg/g for rat.

This probably explains the results obtained by



OKE: CYANIDE DETOXICATION 99

Mukerji and Smith (1943) that nearly all the
cyanide ingested by rabbits was recovered in the
form of thiocyanate in the urine in 2448 h whereas
in dogs less than 25% was recovered in 7 days. On
the other hand, the activity of the enzyme in parts
of the brain and the central nervous system seemed
to be the same for the different species of animal
and this may account for the LD50 for intra-
venously injected NaCN to be about the same for
all species.

Subsequent work of Saunders and Himwich
(1950) has thrown further light on the functions of
rhodanese. They proposed that the enzyme forms
aloose combination with thiosulfate which breaks
down to yield sulfur in a form that can be
accepted by the cyanide ion. They explained that
the inhibitory effect of certain sulfur-containing
compounds like sodium sulfide, dithiobiuret, and
cysteine were due to the blocking of the enzyme so
that it cannot combine with thiosulfate. They
found, in agreement with Lang (1953a,b), that
certain divalent cations like Cu** and Fe** pro-
duce significant inhibitions, whereas others have
none. On the contrary, Sorbo (1951a,b) did not
obtain any inhibition with cystine alone indicating
that the cystine must therefore be easily displaced
by thiosulfate giving rise to a situation where
thiosulfate, sulfite and other sulfhydryl com-
pounds can react with the active group in the
enzyme. This can easily be explained if the active
group is a disulfide linkage like the polysulfides
whose mechanism of reaction has now been fully
worked out, e.g. the first step in the reaction of
hexathionate with sulfite or cyanide is ionic dis-
placement of the thiosulfate group by the sulfite
or cyanide (Foss 1950):

(a) “0,S—S—S—S—S SO; +SO, =

“0,5—-8—8—8—8073 + 8,07
“0,5—S—S—S0; + 5,07, etc.

(b) 0,5 S—S—S—S—-80; +CN~ =
i __*CN
0,55 S-S S CN+8,0; ...

* *
~0;S—8—S—S—CN + SCN, etc.

Sorbo (1951a,b, 1953) therefore suggested that
rhodanese contains an active disulfide group
(rather than -SH groups) which reacts in an
analogous way as above by hydrocyanolysis of the
first disulfide compound formed by the action of
thiosulfate on rhodanese, followed by splitting off
of sulfite and formation of thiocyanate:

S 5-8-S0, N S
E<J +(S-S0,)*" ... E TLE 4+
S S S

SO +SCN

The effect of inhibitors can also be explained by
this mechanism. Thus when cyanide is first added
before thiosulfate or if sulfite and other sulfur-
compounds acting as inhibitors are used, this will
lead to the formation of a complex which no longer
has a disulfide linkage and so is inactive:

s SCN
E<1 +CN....EC
S S

From the distribution of the enzyme in the tissues
Himwich and Saunders (1948) calculated that the
whole liver of a dog can detoxify about 4015¢g
cyanide and the skeletal muscles 1763 g cyanide to
thiocyanate within 15min, yet only small doses
are required for toxicity. They showed that minced
tissues converted about twice as much cyanide to
thiocyanate as sliced tissues while homogenates
converted about 5-17 times as much as sliced and
3-8 times as much as minced tissues and so it
appears that permeability factors may play an
important part in detoxication irrespective of the
quantity of rhodanese. Moreover the reaction
does not proceed efficiently unless a thiocyanate
concentration of at least three times molar con-
centration of cyanide is present, a concentration
that may not possibly exist in the cell. Thus the
availability of sulfur may limit the detoxication
possible in vivo. This has been supported by
Chen et al. (1934) who found that the injection of
thiosulfate is capable of increasing the minimum
lethal dose by a factor of 3—4. The high concentra-
tion of thiosulfate required is not possible as it
penetrates the tissues very slowly whereas cyanide
penetrates fast. Giliman et al. (1946) found that
70-80% of injected thiosulfate is excreted un-
changed. On the other hand, other sources of
sulfur such as cystine, thiourea, sodium sulfide, etc.
are not directly effective. Even if it is assumed that
certain enzymes convert the sulfur of amino acids
to sulfide and then to thiosulfate (Smythe 1942;
Fromageot and Monlbasher 1938; der Carabed-
dian and Fromageot, 1943) this formation will
proceed so slowly that it will only be of limited
value.

Meister (1953) found that 3-mercaptopyruvic
acid might arise from cysteine by transamination
or deamination and this compound can provide
sulfur as rapidly as thiosulfate for cyanide detoxi-
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transamination Sulfur

L-Cystein wvate — ! TONTRIONCE, 5,03 +pyruvate
SHCH, CH(NH) COOR  SHCHy COCOOH CH3 COCOOH
CN-ISulfur
transference OH-~|rho-
danese
SOH" +pyruvate S03 +SCN

FiG. 1. The cycle formed by the reaction of cyanide

with 3-mercaptopyruvate.

cation. He found that crude extracts of liver con-
verted this compound into pyruvic acid and free
sulfur at pH 7.5-8.5. Since rhodanese utilises only
thiosulfate or colloidal sulfur, f-mercaptopyruvic
acid could be a sulfur donor. This has been con-
firmed by Wood and Fiedler (1953) who found that
crude acetone extracts of rat liver, incubated at
PH9.1, converted cyanide to thiocyanate as rap-
idly with B-mercaptopyruvic acid as with thio-
sulfate, requiring the same ratio of reagent :cyanide
(3:1) as thiosulfate and the same optimum pH of
9.1. Apart from this, cyanide can react with
3-mercaptopyruvate to yield thiocyanate and py-
ruvic acid (Fiedler and Wood, 1956). The 3-
mercaptopyruvate then combines with the cyanide
by means of sulfur-transferase to form thiocyanate
and pyruvic acid. If sulfite is present, thiosulfate
and pyruvic acid are formed from the 3-mercapto-
pyruvate. The thiosulfate can then be utilised by
rhodanese to give sulfite and thiocyanate. The
sulfite formed is again ready for use by the sulfur
transferase. A cycle is thus formed as shown in
Fig. |.

Although 3-mercaptopyruvic acid has not been
detected as a deamination product of cystine,
Smythe (1942) found his desulfhydrase to produce
pyruvic acid, hydrogen sulfide, free sulfur and
ammonia from cystine, a product similar to what
had been obtained by Meister (1953) using homog-
enised rat liver. Administration of 35S-labelled
cystine to animals immediately prior to cyanide
dosing yields labelled thiocyanate, confirming the
feasibility of this cycle.

In the presence of light, vitamin B,, (cyano-
cobalamin) is converted to vitamin B, ,, (hydroxo-
cobalamin), the latter can react with cyanide to
regenerate vitamin B;, (Kaczka et al. 1950):

B 50 B,
The reaction of vitamin B,,, with cyanide to form
By, is irreversible and so this may be beneficial in

MONOGRAPH IDRC-010e

cyanide poisoning and thereby provide an inde-
pendent pathway for cyanide detoxication. The
great affinity of vitamin B, for cyanide is due to
the presence of cobalt in the molecule; copper will
display the same property. Mushet et al. (1952)
injected mice intraperitoneally with KCN pre-
ceded or followed by the intravenous administra-
tion of vitamin B,,, or physiological saline solu-
tion. The prophylactic effect of B,,, became
apparent within 20 sec in reducing or preventing,
in some cases, the mortality, respiratory distress,
and convulsions. Doses of up to 50-250 mg/kg of
B,,. were adequate in protecting against 5.5-8.0
mg KCN/kg and if administered not later than
I min after the KCN dose the above symptoms
disappeared immediately and death was prevented.
Urine samples collected over a period of 2.5 h
showed that about 9.6% of the cyanide adminis-
tered could be accounted for as vitamin B,, and

3.59% as thiocyanate.

Injection of sublethal doses of cyanide to rats
causes a significant depletion of the liver store of
vitamin B, indicating that this store is an impor-
tant site of detoxication during cyanide poisoning
and hence must be mainly in the form of vitamin
Bj;.. The fact that stress conditions such as
menstruation, pregnancy, and lactation, which
increase the requirement for vitamin B, cause an
increase in thiocyanate excretion, confirms the
suspicion that B;, may be involved directly or
indirectly in the formation of thiocyanate in the
body. This is further confirmed by the finding that
dietary deficiency of vitamin B, leads to increased
thiocyanate excretion and that injections of sub-
lethal doses of cyanide to rats cause a significant
depletion of the liver store of vitamin By,, indicat-
ing that this is an important detoxifying agent
during cyanide poisoning (Smith 1961).

Vitamin B, contains cobalt in an organic co-
ordination complex, with CN tightly bound to the
cobalt. This is shown by the fact that doses up to
1600 mg/kg applied both intraperitoneally and
intravenously are nontoxic to mice, despite the
fact that this dose is equivalent to 32mg hydro-
cyanic acid or eight times the minimum lethal dose
for mice (Mushet et al. 1952). These workers there-
fore proposed vitamin B, as an antidote to
cyanide poisoning in mice. This, of course, as-
sumes that some of the vitamin occurs in the hy-
droxol form which can be replaced by the cyano
group. Baxter et al. (1953) showed that ampoules
of cyanocobalamin purporting to hold 100 mg of
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cyanocobalamin (i.e. vitamin B;,) contained vary-
ing percentages of the hydroxo form. The hydroxo
form is known as hydroxocobalamin or vitamin
B,,.. Undoubtedly some vitamin B, exists in the
liver as the hydroxo form. Even assuming that all
the vitamin By, in the liver occurs in this form, the
total amount will be less than 1000 mg (Drouet
et al. 1953) and the very small amount of cyanide
that can be detoxified will be equivalent to about
25mg.

It is probable that rhodanese is the main de-
toxication centre, with its function related to
vitamin B;, as pointed out by Wokes and Pikard
(1955). They proposed that the liver contains some
B,, in the hydroxo form together with a lot of
rhodanese. When cyanide is ingested, both B, and
rhodanese compete for it; some is detoxified by
rhodanese with the help of sulfur donors, such as
sulfur-containing amino acids or their products of
metabolism, to thiocyanate which is all excreted
in the urine with very little in the faeces (Meister
and Pries, 1949). Some of the cyanide combines
with the hydroxocobalamin to form cyanoco-
balamin which then carries out various metabolic
functions. Vitamin B,, can lose some of the
cyanide to supply the l-carbon fragment for the
synthesis of important compounds such as choline
and other labile methyl groups and for the con-
version of homocysteine to methionine (Kratzer
1953; Stehot et al. 1953; Smith 1954). Some of the
cyanide is lost as carbon dioxide in the breath.
This has been confirmed by Boxer and Rikards
(1952) who demonstrated that labelled !*CN given
to dogs could quickly be recovered as exhaled
carbon dioxide and in the ureide carbon of allan-
toin as well as in vitamin By, and thiocyanate.
Thus it appears that cyanide is incorporated into
the 1-carbon metabolic pool probably in the form
of formate. The higher activity of formate from the
liver than any other constituents makes it a
probable intermediate for this conversion with
vitamin B;, as a possible intermediary, since 1*C
isotope could be recovered from cyanocobalamin.

Finally some cyanide is liberated from vitamin
B,, by the enzyme cyanocobalamin decyanase
which then returns to the liver as the hydroxo
form, thus completing the cycle as shown in Fig. 2.

‘Wokes and Pikard (1955) have also put forward
an alternative pathway in which they assumed that
excess thiocyanate is present in the tissues com-
pared with cyanide and so it is the thiocyanate that
combines with the hydroxocobalamin to form the
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Cob.CN

S-donors Cob.OH =CN* - #C03 (inbreath)
+ rhodanase
(-ir?ﬁr'i‘ne) one-carbon fragments
methionine, choline, etc.
FiG. 2. Hypothetical scheme of cyanide utilization.

thiocyanate derivative, thiocyanate-cobalamin.
Although this form has never been isolated from
the liver, it may be because it is very labile and less
stable than the cyano form and also it would be
difficult to distinguish between the two forms. This
is as effective as the cyanide form (Buths et al.
1951). Some sulfur is lost from the thiocyanate
form so that some By, is left in the cyano form.
The sulfur is given up to some active intermediate
compound to form a thio compound which may
be a precursor of some biologically important
sulfur-containing compounds such as sulfur amino
acids, glutanthione, or thioacetic acid. Thecycle is
completed by the loss of CN in vitamin B, which
then goes back to the liver in the hydroxo form,
and the CN is converted to CNS by rhodanese and
is again available for the cycle, as shown in Fig. 3.

This hypothesis is supported by the fact that
vegans who are short of vitamin B, detoxify their
cyanide to thiocyanate through rhodanese and so
they excrete excess thiocyanate. They therefore
need more sulfur amino acid donors which could
otherwise have been utilised for some other pur-
poses. If methionine is the donor, as has been
shown by Hartman (1949) and Hartman and
Wagner (1949) on the thiocyanate excretion in
liver diseases, it means there will be a decrease in
the reserved sulfur in this form. On the other hand
if cysteine and cystine are the donors, as shown in
sheep by Blakeley and Coop (1949), it will also
lead indirectly to methionine deficiency, a sulfur

. IETE T +CO; (inbreath)

S—donors = Cob.CN+SX

+rhodanase

- Cob.SCN

-SCN -

-~
SCN
(invrine}
essential sulfur~
containing metabolites

Fic. 3. Hypothetical sulfur transfer cycle.



102

amino acid in the lens of the eye in which interest
has long been centred (Pirie 1956). This is on the
assumption that in the presence of B;, both
cysteine and cystine can act as precursors of
methionine as has been shown in Neurospora and
certain microorganisms by Horowitz (1947), Teas
et al. (1948), Fling and Horowitz (1951) and
Teas (1950):

H OH
invCHZCH(NHZ)COOH + &HZCHZCH(NHZ)COOH -

cysteine homoserine

CH,CH,CH(NH,;)COOH
éCHzCH(NHz)COOH
cystathionine

H
- inCHZCH(NHZ)COOH +
homocysteine
(precursor of methionine)

EH iH;S
H,CH(NH,)COOH H,CH,CH(NH,)COOH

serine methionine

Another pathway of cyanide detoxication was
inferred from the observation of Voegthin et al.
(1926) that a dose of cystine injected immediately
before ingestion of cyanide protected animals from
a minimum lethal dose. Later Wood and Cooley
(1952) found that cystine alone or in peptide com-
bination converts cyanide to thiocyanate. Thus
cystine reacts with cyanide to form a-amino-fg
thiocyanopropionic acid but this does not release
thiocyanate on standing in solution at 37°C. On

acetylation or esterification, labilization of the’

thiocyano group is produced so that on incubation
thiocyanate is liberated slowly. The N-acetyl ester
is much more labile. Similarly proteins such as egg
albumin, plasma, and also glutathione react to
produce thiocyanate. This discovery aroused in-
terest in the chemical reaction of cyanide with
cystine. Subsequent work showed that cyanide
reacts with cystine to split the disulfide linkage to
form cysteine and B-thiocyanoalanine (i) which
tautomerises to 2-aminothiazoline-4-carboxylic
acid (ii) or its equivalent 2-imino-4-thiazolidine
carboxylic acid (iii) (Schobert et al. 1951). The
reaction takes place spontaneously in vitro
(Schobert and Ham 1948):

NCS~—CH,—CH—COOH

HZIC—|CH——COOH
S N (ii)
\T//
NH,

MONOGRAPH IDRC-010e

H,C—CHCOOH

Ly
\ ./

C
I
N

H (iii)

H

CH,SH CH,S

>C~_—-NH
CH—NH, + CNCl — CH—NH (iv)

COOH COOH

A similar compound has been prepared by
Aldrich (1951) from the reaction of cysteine and
cyanogen chloride (iv). Compound (i) could there-
fore be a source of thiocyanate in the body since it
could undergo oxidative deamination to produce
thiocyanopyruvic acid which decomposes readily
to yield thiocyanate (Schobert et al. 1951). Further
studies by Wood and Cooley (1956) showed that
compound (iil) was inert metabolically when ad-
ministered to rats and hence when cyanide is
ingested it combines with the relatively high con-
centration of free cystine in the blood to form
compound (iil) which is then excreted unchanged
in the urine and hence provides an independent
method of detoxication. This they verified by
injecting labelled compound (iii)-S3° into rats for
3 days after which they found two radioactive
spots in the chromatogram of the urine (which was
collected in hydrochloric acid), one corresponding
to unchanged compound (iii) and the other to
thiocyanate. The latter spot proved to be an arti-
fact caused by the acid. Hence the only possibility
of obtaining thiocyanate is when compound (iii)
occurs in the open-chain as (i), but the experiment
showed the open-chain structures (i) did not occur
in equilibrium with the ring structure (iii). The
sulfur must, therefore, have been added subse-
quent to metabolic degradation of cystine to form
thiocyanate and not from decomposition of com-
pound (1) as mentioned earlier.

Using cystine-S** Wood and Cooley (1956)
found that it produced about 13 times as much
compound (ii1) as thiocyanate and they recovered
about 40% of the labelled sulfur in the form of
compound (ii1). They also observed this compound
(iil) in the saliva of a laboratory worker chronically
exposed to a relatively high concentration of
cyanide by inhalation. However, the amount of
cyanide detoxified is small compared with other
pathways. In an experiment without cystine in-
jection, the recovery of intraperitoneally injected
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cyanide as thiocyanate and thiazolidine was 80
and 15% respectively.

Another indirect detoxication mechanism that
may be mentioned is that of the thyroid gland.
Hunt (1905-06) showed that the lethal dose of
acetonitrile for mice fed on powdered sheep thy-
roid was 1 .4 mg/g whereas it was 0.32 mg/g for those
without thyroid feeding. This indicates that prob-
ably thyroid has a detoxicating effect. Later
Baumann et al. (1933) found that rabbits injected
with acetonitrile excrete 3—-5%, which was increased
on feeding desiccated thyroid. Since thyroidec-
tomy had little effect on the conversion of benzyl
cyanide to SCN™, they were of the opinion that the
mechanism of detoxication by thyroid depends on
the demethylation of acetonitrile.

When hydrocyanic acid is converted to thio-
cyanic acid there is a 200-fold reduction in toxicity.
This may be regarded as a detoxication mechanism
in the body which will presumably cope with the
small amounts of cyanide formed during metabo-
lism or the minute amounts taken in food, but not
with a toxic amount or a large dose introduced
artificially into the body.
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