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ABSTRACT

The use of inorganic cyanide for cyani de netabolismstudies
in animals has the advantage that the cyanide adninistered is fully
avai | abl e as opposed to cyanogeni ¢ gl ycosi des in which the cyani de
radical is not conpletely liberated in the ani mal body.

However, when KON was added to the di et which had been
noi stened with water, it was lost by transformation to other products,
and perhaps also as volatile HON. A prelimnary study reveal ed that
fornate is one of the products formed. A nethod was devel oped for
the addition of KONto the nornmal rat diet, in which no significant
loss or transformation of the added substance occurred. By this
nethod it was possible to conpare tho relative toxicities of KON
and vitamns Aand D when mxed in the diet, as nmeasured by wei ght gain
ingrowing rats. KONgiven to groups of rats at a dose | evel of
77 unol es/rat/day in the diet did not dimnish weight gain whereas
vitamns A (385 unol es/rat/day) or D, (0.55 unol es/rat/ day)
significantly dimnished weight gain in rowng rats.

A study of tho netabolismof " Glabelled cyanide was carried
out in the rat exposed to sem-continuous intake of KON in the diet
for throe weeks. The pattern of excretion and tissue levels of" C
activity was simlar after subcutaneous or intraperitoneal injections
and oral admnistration of Na!*CN. After intraperitoneal and subcutaneous
injections of Na"CN, 2k of dosed activity was excreted in the urine
within 9h of which 71%was in the formof thiocyanate. The
correspondi ng value after 9h in the faeces was 0.5. « About 4.3 of
the injected activity appeared in the respiratory air of which 85 was

present as CO and only 15 as cyanide.



Al tissues contained radioactivity 9h after the Na" CN
adm ni stration but very high anmounts were found in the gastro-
intestinal tract, particularly in the stomach, which accounted for
18%of the total dosed activity. Mat of this was in the contents
of the stonmach, of which over 80%was in the formof thiocyanate.

Wen a snal | anount of KS'CN was given by nouth to the rat
with elevated plasna ScN | evel, nost of the activity waa excreted
inthe urine (nainly as SCN) and only snall amounts were found in
the faeces. This indicated that the thiooyanate secreted into the
stomach contents of the rat was |largely reabsorbed by the intestine
into the body fluid, to be partly excreted in the urine and partly
resecreted into the gastric juice.

The time of initial secretion of thiocyanate into the rat
stonach contents after subcutaneous injection of cyani de was cal cul at ed
to bo 7 mn, while the rate of secretion was estimated to be 0.31 of

t he admi ni st ered dose per ninute.
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SEAPTER I
JMTRODOCTION

1. Qeocurrence of cyanide

Traces of cyanide can be demonstrated in almost all plants,
According to Montgomery (1969) 4t is found mainly in form of
eyanogenic glyecosides,

Cyanogenic glycosides are compounds which liberate HCN, one
or more molecules of sugar, and, with one excention, an aldehyde or
ketone on treatment with dilute acid or the aprropriate hydrolytic
enzymes (Conn, 1969).

Research in several ladoratories has shown that four of the
common cyanogenic glycosides are derived from closely related amino
acide (Fig. I.1). Tyrosine is known to be effectively converted
into dhurrin; phenylalanine into prumasin; valine into linamarin and
isoleucine into lotaustralin (Comn, 1969). In ecach of these
bioayntheses, there is loss of the carboxyl carbon of the amino acid
and oxidation of the ae~carbon and nitrogen atom to the level of
nitrile,

Table 1.1 shows a compilation of plants with extremely high
cyanide content (present as cyamogenic glycosides), Asmong the known
sources of cyanogenic glycosides, cassava (Manihot sp,) represents
the moat important food ecrop, It is the prineipal source of
carbohydrate for about 300 million people in the developing countries
of the tropics. Linamarin accounts for about 90 of the total
eyanogenic glycoside in cassava,

However, most of the cyanide in cassava is lost during its
processing, Thus, although the cyanide contemts of the pulp of some



FIGURE I.1l

Precursors of some cyanogenic glycosides.
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stem
root (total)
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peveral variations
Java, coloured
puerto Rico, black




cassava varieties vary between 163 and 698 mg per kilogram wet
weight (Tadle I,2), that of some major cassava products (like its
flour or purupuru paste prepared from the pulp), vary between 20 and
60 mg per kilogram wet weight (Table I,2). This extensive loss of
cyanide during cassava preparation obviously makes cassava products
leas harmful to animals than the unprocessed material,

In tobacco smoke, cyanide occurs in considerable amounts, in
concentrations which differ from one sort of tobacco to the next
(Osborne, 1956; ¥ynder, 1967; ttedman, 1967), In the tobaceo
smoke of cigarettes without filter, amounts between 150 and 300 ug
per cigarette have been reported (Newsome ot al., 1965; Baumeister
and Schievelbein, 1971), In cigarcttes with a cellulose filter,
only a negligible retention Ly the filter was observed (Baumeister
and Schievelbein, 1971), Suitable absorbent filters om the other hand
reduce the original cyunide content by 20 to S0us,

Another source of cyanide is nitropruseide, Nitroprusside is
used as an antihypertensive drug. Recent evidence indicates that
nitroprusside can be broken down rapidly by free and intracellular
hasmoglobin by a none-ensymic process (Smith and Krusayma, 1976),

The reaction sequence is shown in Fig,7,2, However, with controlled
adeinistration of the drug by a physician, acute poisoning from
nitroprusside will not ocecur,

Finally, inhalation of HCN compounds in the chemical and
galvanic industry as well as during gold extracticn is another
possibility for humans to take considerable amounts of cyanide,

2. Netavoliss of cjanide

Several ways of metabolism of cyanide have been described,

These vays have been reviewed by Williases (1959), Oke (1969) and



TASBLE 1,2
Cyanide content of cassava and some cassava products (mg/kg)

(Taken from Van Der Velden and Kinthaert, 1973 )e

Pulp Integument
Fresh roots
(various species) 163 227
180 284
b5h L6
698 963
Flour %0 -
*Purupury paste 20-60 -

*From Osuntolun (19?0).



FIGURE 1.2

Metabolism of sodium nitroprusside (taken from Smith and Kruszyna,

1976).
- 2
Fe(CN )51:02 Hb0s (Fe“ )
Oxyhaemoglobin
Nitroprusside
’ le
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Methaemoglobin
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L ]
SCN™ >
HbCN
Rhodanese
A
SCN=-
CN- binding to
tissue cytochrome
oxidase
v

Renal excretion

Tissue cyanide
toxicity



more recently by Baumeister (1975 ).

Pollowing injection of Ha'*Cli in dogs ''C appears in urine,
in free cyanide, as a constituent of cyanocobalamin and in thiocyanate.
Amormmuammm-umnuommm
hhnm..ﬂehhm.nmumﬂw
(1952), probably via cyanate.

mwmozwuwummo:mnm
monmunmnwmumwmormuu
as wvell, MWemWMhmﬂmamMn
high amount of '*C, Based on this fact formic acid could be
considered as a starting saterial for the introduction of the cyanide
carbon into one-carbon metabolisw (Boxer and Rickards, 1952).

The best lnown mechanism for the detoxification of cyanide
is concerned with the conversion of cyanide to relatively non-toxic
thiocyanate, Two metabolic pathways are involved in this conversion,
Mmetimmummmmuramunhutdmdw
the enzyme thiosulphate - sulphurtransferuse (¢ 2.8.1.1) named
rhodanese by lang (1933a). Thiosulphate and cysnide form thiocyanate
and sulphite in this reaction, MthWh
Chapter VI, In the second pathway, the enzyme ¢yanide sulphur-
transferase (EC 2,8,1,2) (Fiedler and vodd, 1956 ) utilizes
3emercaptopyruvate as the sulphur donor and thiocyanate and pyruvate
are formed as products,

Another independent way in which detoxification of cyanide can
take place is the reactiom with ecystine to form cysteine and
;=thiocyanoalanine. The resction takes place spontaneously in vitro
(schobert and flann, 1948), Voegtlin gt al. (1926) were the first

to observe that a dose of cyetine injected {ismediately before injection



of cyanide protected animals from a dose that would othervise be lethal,
vood and Cooley (1956) isolated >-iminothiazolidine-tecarboxylic acid
from the urine of rats after subcutaneous injection of gsodium cyanide,
In this case cyanide is thought to react with cystine forming cysteine
and |-thiocyanoalanine, The latter is tautomerized forwing 2-amino-
thiazoline-li-carboxylic acid or the equivalent mmnup-h-
carboxylic acid (Schubvert ot al. 1951). The second compound proved
to be metabolically inert in rats (Wood and Cooley, 1956), Subsequent
investigators however, have been unable to identify 2-iminothiazolidine-
hecarboxylic acid in the urine of oimrmr-lrluornuupoud
hcyui.hmtorapmmpd period of weeks (Smith and Foulkers,
19665 Mehta and MeGindty, 1977)e
mumudmw“mnumumumnlof
cysnide is cobalamin (vitamin By ) Two forms of the vitamin have
been known tornmstm.uﬂehmmtnlwhdtnuu
connected with either a hydroxyl or & cyanide groupPe #hen the central
cobalt atom of the vitasin is connected with a hydroxyl groups
hydroxocobalamin (or aquowbnhd-l) is formed, while connection of
the cobalt atom with a cyanide group gives rise to cyanocobalamin
(Brink et al. 1950). Vhen solutions of cyanogobalamin are exposed
to light the coordinately bound cyanide is split off, On the other
pand, in neutral solutions hydroxocobalamin can react with KCN to
form cyanocobalamin, In addition to the coordinately bound cyanide,
eyanocobalamin can react with two wore wmoles of eyanide to form
complexes (Beavan, 1950 Comn et al., 1951).
Dietary defliciency of vitamin Bye leads to increased thiocyanate

excretion and injection of sub-lethal doses of cyanide to rats



indicating that this is an important detoxifying agent during
cyanide poisouning (Smith, 1961), However, even assuming that all
the By existing in the liver wvas converted to cyanocobalamin, the
total amount would be less than 1000 pg (Drouet et al., 1953) and
the amount of cyanide contained would be very amall,

The different pathways of metadolism are utilized to
various degrees in the organism, Balance investijations which could
give an inaight into the utilization of the different pathways
bave not been published, But it can be assumed that detoxification
to thiocyanate accounts for the main part, since after injection of
sodium eyanide into rats £0¢ of the injected cyanide was found in
urine as thiocyanate (Wood and Cooley, 1956), The therapeutic
effect of thiosulphate in cyanide intoxisation could be a hint that
the detoxification of cyanide by means of thiosulphate-sulphurtransferase
is of great importance,

A hypothesis for cyanide utilization has been proposed by
Wokes and Pikard (1955). They proposed that the liver contains some
Bye (not combined with cyanide) together with a lot of rhodanese.
vhen cyanide is ingested, bolh 3y and rhodanese compete for it;
some cyanide ions are detoxified by rhodanese with the help of sulphur
donors, such as sul hurecontaining amino acids or their products of
metabolism, to thiocyanate ions which are all excreted in the urine
with very little in the facces (Melster and ¥ries, 1949), Some of
the cyanide ions coubine with vitamin 54y to form cyanocobalamin,
Cyanocobalamin can lose some of the cyanide to supply one carbon
fragnents for the synthesis of important compounds such as choline
and other substances containing labile methyl groups, e.g. the
conversion of homocysteine to methionine (Kratzer, 1953; Smith, 1954),
Sowe of the cyanide is lost as carbon dioxide in the breath, That



vitamin B,y may be participating in the detoxification of cyanide
is supported by the fact that vegans who are short of vitamin By,
excrete exceas thiocyanate and therefore may be detoxifying more
of their cyanide by the rhodanese pathway (Oke, 1969),

3. Cyanide intoxication

There are two aspects of cyanide intoxication: acute
intoxication and chronic intoxication,

Acute cyanide intoxication results from an intake of a single
large dose of cyanide, lost of the symptoms of acute cyaunide
poisoning can be explained on the basis of the affinity of cyanide
for metal ions such as iron and copper, For example, it combines
with the copper of cytochrome oxidase and thereby inhibits the
latter's function in electron transport, It also combines with
methasmoglobin to form cyammethaemoglebin which is not an oxygen
carrier,

The occurrence of acute intoxication symptoms depends upon
the velocity of the increase of cyanide concentration in tissues,

This decisive factor is detersined by the kind of cyanide compound,
by the route of intake, by the ingested dose and by the ability of the
organism to detoxify cyanide,

The minimum lethal dose of cyanide taken by mouth has been
estimated in man at between 0.5 mg and 3,5 mg cyanide ion per kilogram
body weight (Chen et al., 1934bjGettler and Balne, 193%; Halstrom
and Moller, 1945), Upon uptake of higher doses death can occur within
a few mimutes, on medium doses survival times up to three hours have
been reported, Human survivors have described initial symptoms of
peripheral musbness and lighthoadedness, This is followed by memntal
confusion and stupor, twiteching and comvulsions with teruinal coma



(Montgome ry41969)s Small nonefatal dosee may produce headache, a
sensation of tightness in the throat and chest, palpitations and
suscle weakness., In experimental animals, the principal manifestations
of toxicity are stupor and convulsions (Montgome: ry, 1969).

The actual cause of death in acute intoxication is the
cesgation of respiration, which will take place some minutes before
cardiac arrest (Baumeister et al., 1975).

The chronic intake of cyanide in small dosee, which as single
doses do not cause clinical syrptoms, has been implicated in the
pathogenesis of a number of diseases, A diminution of some ways of
eyanide metatolism is probably responsible in some cases
(Schievelbein et al., 1969), A review of the clinical states that
result from chronic cyanide intoxication has recently been given by
Baumeister et al. (1975). The clinical states described to date are:
tobacco amblyopia, retrobulbar neuritis with pernicious anaemia,
Laber's optic atrophy, tropical ataxic neurocpathy, sterility in women
who are heavy smokers and goitre.

(a) fobaseo amblyopla

The cyanide in cigarette and tobacco gas swoke has been suggested
as the cause of the visual failure in tobacco amblyopia, In patients
with tobacco amblyopia, vascular changes and degeneration of ganglion
cells in the retina and of nerve fibres of the optic nerve were
demcribed (Heaton ot al., 195%; Duke-Clder, 1954), The patholegical
anatomic findings show a striking parallel to the observations in
animal experiments on c¢yanide administration, Repeated small doces
of cyanide cause a demyelinization in the central nervous system in
rats and monkeys (Hurst, 1942; Lumsden, 1950), Lelshman (1951)
thought he observed a correlation betweem amblyopia and deficiency of
gastric acid and therefore assumed a comnection in the aetiology of



ambl yopia and pernicious anaenia,

The good therapeutic effect of vitamin B,y in tobacco
amblyopla suggests also deficiency of vitamin By as a cause. This
can develop either by decreased uptake of vitamin By, or by trans-
formation of 'functional' hydroxoecobalamin into ‘non-functional'
eyanocobalasin (Victor, 1963; Knox, 1970). Several authors have
exanined the metabolism of vitamin By, in smokers., Komma.oll and
Castrillon<Oberndorfer (see Daumeister gt al., 1975) found a severe
alteratior of 5, absorption in two out of five patients with tobacco
azblyopia, On the other hand, vatson et al. (1969) did not find a
decrease of the absorption in 15 patients with todbaceo ambl yopla,

But if the patients smoked during the experiment the abeorption of
Bys decreased, According to investigations of Foulds et al, (1968),
kOx of patients with tobacco amblyopia showed ddcreased levels of serum
Be. In 455 the absorption of vitamin B,y was disturbed, Foulds

et al. (1969) eould demonstrate in patients with tobacco amblyopia

a direct correlation between the consumption of tobaceo, the vitamin
Byp absorption, and the B, level in serum, If amhlyopia occcurred in
a patient with a small tobacco cons:mption, the absorption of
vitanin B,y was insufficient, or the serum %,, level wvas low, If
hovever, the serum levels were hig , the disease became manifest
only with extremely high tobacco consumption, PFoulds et al, (1968)
also investigated the concantration of serum thiocyanate in heavy
smokers with tobacco amblyopis and in smokers without tobaceco
asblyopia, as well as in nos~smokers., They found a significantly
increased thiocyanate level in serum of smokers compared with the
values in noneasmokers, In contrast to these findings the thiocyanate
concentration in patients with tobacco amblyopia was significantly



decreased compared with hearlthy smokers Although the patients with
todbacco amblyopia did swoke more than the healthy smokers,
Baumeister ot al, (1975) suggested that these findings might be due
to a posaible enzyme defect, a hereditary deficiency of enzymes which
are able to form thiocyanate,

(b) Retrobulbar neuritis in pernicious ansemia

The optical changes which occur in this condition are
accompanied by pernicious ansemia (Cohen, 1936), There is now evidence
that retrobulber neuritis in pernicious anaemia and tobacco asmblyopia
may be one and the same condition (Freemen and Heaton, 1961), The
histological changes of the optic nerve in retrobulbar neuritis
proved to be similar to those found in tobacco amblyopia (Duke-Elder,
1954 ).

(e) Leber's optic atrophy

Leber (1871) is credited with the first description of this
condition which is relatively rare and iz said to be hereditary,
Leber's optic atrophy is characterized by acute or subacute failure
of central vision and the development of bilateral ceatrasl scotomas,
The condition is found mainly in young males in their late 'teena’
or in early twenties, though the age distribution varies over a wide
range, In some patients other neurological involvement cccurs
together with the ophthalrologic condition (imghoff, 1963; #ilson,
1963; Lees ot al., 1964),

Wilson (19635 ) comcluded that the disease is caused by an
enzymatic impairment, the manifestations of which are triggered by
exogenous factors., OCwoking was suggested as an exogenous factor
for the manifestation of the visual disorder, In healthy smokers
the blood level and the excretion in urine of thiocyanate are increased



compared with non-smokers, But in emokers with Leber's optic atrophy
thcmromcfmthhcymuhnltnwulmmmmi
or oven abeent, The question of an enzymatic impairment could not
nwdwmmuuuwcrmmm. In liver
mmmlewdnuﬂt:otrmm
found for one patieant gompared with a control person, The liver of
one patient showed at postmorten examination a somewhat sealler
enzymatic activity compared with two eontrol livers, The enszymatic
muntotmmm-uphmhnw. somewhat higher in the
patient with Leber's optic atrophy compared with the gontrol person,

patients with Leber's optic atrophy, gmokers as well as non-
snokers, show a significantly higher proportion of cyanocobalamin
in the total Bye mmthmmrdvithmwwm
(Wilson st al., 1971)s Sadth (1964) described infection as a sSource
of cyanide, Wilson (1967) observed that the impairment of vision
in two children from faniliss with Leber's optie atrophy occurred in
copnection with an infection of the urinary tract, and suggested
that this might be a contributory factor in Leber's disease occurring
in non-gmokers. mnmwmwmmmtmu
capable of forsing cyanide in the urinary tract,
(4) Iropiesl or Nutritiona) stexic neurcpathy

Tropical or Nutritional ataxie neuropathy, also known as
tropical amblyopia occurs in partp of the tropics
vhere the staple diet consists of cassava or its derivatives (Money,
1959; Osuntolkun, 1968). The tropical amblyopia probably reprecents
nhummﬁno!mmmmm.mmm
extensively studied in Nigeria and hence ecalled Nigerian nputritional

ataxic neuropathy (Osuntokun ot al., 19683 Williame and Osuntolun, 19694



Osuntolun and Osuntokun, 1971 )s

Tropical ataxic mﬂ:ummw;ntiauh
mmudwm.hurlloptu atrophy, pilateral nerve deafnoss
and predominantly posterior column myelopathy with or without
peripheral neuropathy (villiams and Osuntokun, 1969)s There is
evidence mtcm.mm-uwmmmm-:un
astiologic factor (Momekosso and yilson, 1966y Osuntokun, 1968 )
¥illiams and Csuntokun (1969 ) studied the pathologic changes in the
peripheral nerves of patients with the syndrome, employing light and
electron microseopy, and deconstrated evidence of demyelination,

A compariscn between the concentration of thiocyanate and the
level of vitamin Bye in plasma of Nigerian patients who suffered from
degenerative neurologic symptoms and in plasma of healthy persons has
been made (Monekosso and wilson, 1966), As expected, the thlocyanate
concentration was significantly higher in patients than in healthy
persons, Since the conswsption of cassava is high in RKigeria, it
mmtdummnmmofcmihmwm:mu.
On the other hand, no differences were found between patients and

healthy persons with regard to total vitamin Bye content, However,

in healthy persons, Oeuntokun (1942 ) slso found high plasma
thiocyanate levels in patients suffering from the ataxic neuropathy
and concluded that this represented detoxification of cyanide. The
mtdl“thpntimumk-ptmho-pimonnmm-tm
diet (Osuntokun, 1968).'
(e) Sterility in fomsle heavy seokers

sccording to the report of Heller (see Baumeister st al., 1973)

the thiccyanate content of the cervix mucus is between 0.2 and 1,0 ng/



100 ml., In two women with sterility which could not otherwise be
explained, thiocyanate concentrations were between 1.0 and 2,3 mg/
100 ml, Heller (see earlier) thus suggested that values about 1,0 mg
can damage the spermatozoa and hence explain the sterility ef some
female heavy smokers,
(£) Goitre

The goitrogenic action of cassava was first demonstrated by
Ekpechi (1967) in experimental studies with rats, OSince then,
several papers have appeared confirming this finding and implicating
thiocyanate as the main cause (see Van Der Velden and Kinthaert,
1973). The action of thiocyanate on the thyroid gland has been
described by Wolff (1964). Thiocyanate causes a drastic depletion
of thyroid iodine content and a decrease in the plasma-bound iodine,

thus explaining its goitrogzenic effect,

4, Treatment of cyanide intoxication

(a) Treatment of acute cyanide intoxication

Several reviews on the methods for the treatment of acute
cyanide intoxication have veen made (Oke, 1969; Baumeister et al.,
1975). Gencrally, the therapeutic aim is the lowering of the cyanide
concentration in blood and tissues.

Sulphur-containing substances have been shown to be good
antidotes especially when injected before the cyanide dose., An
outstanding compound in this regard is sodium thiosulphate, which
acts as the sulphur donmor for the enzymatic conversion of cyanide to
thiocyanate.

CN + NogSe0Oy + O ——> NaSCN + NagSQ,
Its disadvantage however, is the relatively slow rate of action

(Friedberg, 196" ). A combined administration of sodium thiosulphate



vith the detoxicating enszyme, rhodanese, was described by
Clemedson et al. (1954), Another sulphur-containing antidote is
sodius tetrathionate (Draize, 1933), which was showm by Chen st al.
(19345 )to be as effective as sodium thiosulphate,

Compounds capable of forming methaemoglobin could serve as
antidote in acute cyanide poisoning (Kiese, 1974), Geiger (1933b)
reported successful treatments with methylene blue, Methylene blue
is known to react with haesoglobin to form non-toxic cyanmethaemo-
globin, Other compounds which are capahble of forming methaemoglobin
include sodium nitrite for injection and amylnitrite for inhalation
(Geigery 1933a; Chen et al., 1933a, 1933b), According to Chen and
Rose (1952) the combination of nitrites and thiosulphate has proved
therapeutically successful in animal experiments and in human cases
of polsoning, More recently, aminophenols have been recommended as
good methaemoglobin producers (Kiese and Weger, 1965a, 1965b) for
detoxification of cyanide. One of these (U-dimethyaminophencl )
exerts the guickest action in human blood compared with other tested
aminophenols (Kiese and Yeger, 1969). Also, with respect to ite
action on respiration and cireulation, b-dimethysinophenocl is
superior to nitrite, In man, 30° of the hasmoglobin could be
oxidized with doses of A-dimethylasinophencl which had little effect
on blood pressure and pulse, Dloses of sodium nitrite which are
recommended for therapy and have a comparable effect produce collapse,
The formation of methaemoglobin only reaches a maxizum of 6/ within
30 minutes (Kiese ot al, 1968),

The mechanism vhereby these chemicals are able to produce
methaemoglobin is not known, It has been suggested however, that
the formation of intracellular H, 0y which rapidly converts haemoglobin
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to methaemoglobin may be responsible (Lehmann and Funtsman, 1974 ),
Some authors have recommended the application of cobalt
compounds: agquocobalamin (hydroxocobalamin), cobalt EDTA and cobalt
histidine (Mushett et al., 1952; Veber et al., 1962; Friedberg et al.,
1966; Friedberg and Schwarzkopf, 1969), These compounds act by
binding cyanide in circulating blood, and thus rapidly reducing ite
concentration in the extracellular fluids, Schwarzkopf and Friedberg
(1971) investigated the antidotal action of cobalt EDTA and cobalt-
histidine in guinea pigs and cate poisoned with a continwous infusion
of NaCN solution, They concluded that these substances have a high
rate of action but rather a low detoxification capacity,
Aduindstration of higher doses of thesc compounds to inerease the
detoxification capacity is not advisable, due to the danger of
cobalt poisoning, On the contrary hydroxocobalamin can be applied
in quantities of 300 mg/kg body weight and more without fear of
intoxication (Frieddberg and Shukda, 1975), Furthersore, these workers
have shown that the combination of hydroxocobalamin (100 mg/kg) and
thiosulphate (500 mg/kg) proved to possess a high rate of reaction
and a large detoxification capacity in guinea pigs, Similar results
vere obtained in cats with antidote doses of 200 mg aguocobalamin/kg
combined with 500 mg thiosulphate/kg, It is important to note that
vhen combining aquocobalamin with thiosulphate as a means of therapy,
one sust avoid mixing these substances before injection or injecting
them together, vhen mixed in solutiom, they form a thiosulphate-
cobalamin compound that can no longer bind cyanide (Evans, 1964),
This undesirable effect can be averted by observing a one-ainute time
interval between the two injections (Friedberg and Shukla, 1975),



(b) ZIreatment of chromic cyanide inmtoxication
Although chronic intake of cyanide does not lead to death, a

number of visual defects of varying severity (already discussed in
this chapter) is associated with prolonged cyanide intake, It is
believed that most of these patients who are exposed to an abmormal
intake of cyanide have reduced ability to convert cyanide to less
toxic thiocyanate, and that this biochemical lesion is aggravated
by vitamin By deficiency states (for literature, see Pettigrew and
Fell, 1972),

The medical treatment consists of administration of doses of
hydroxocobalamin (Wokes, 1955; Chisholm et al,, 1967; Pettigrew and
Fell, 1972), This treatment caused increased conceatration of
thiocyanate in plasma and urine, and these biochemical changes were
accompanied by significant clinical improvement in vision (Pettigrew
and Fell, 1972),

The treatment with hydroxocobalamin has been demonstrated to
be superior to the use of cyanocobalamin (Smith and Duckett, 1965;
Chisholm gt al., 1967). Chisholm gt al, (1967) divided patients
with tobacco amblyopia into two therapeutic groupe, One was treated
wvith intrasuscular injections of hydroxocobalamin, the other with
eyanocobalamin, The improvement of visual acuity in the growp
treated with hydroxocobalanin was significantly higher compared with
the group treated with oyanocobalamin, In patients who did not stop
emoking, total healing could not be achieved in a single case with
cyanocobalamin, but healing could be achieved with hydroxoecobalamin,






CHAPTER 11
Materials and Hethods
1, Materials
a) Equipment
Bugmghountm: Unican models SPS0O, 5PR00 and S5P1800 were

used during these studies,
seintillation counter: The Intertechnique SLAO 1iquid
scintillation counter vas used throughout these studies.

b) Solvents

Chlorofors and Methanol: Reagent grade,
Diethyl ether: Dried over sodium-lead alloy and redistilled

with reduced iron present, This solvent was prepared {resh
when required,

Toluene: ANALAR grade, This was used in seintillation fluid.
Dioxane: Refluxed !orZhdthnulnunl present and then
redistilled, This solvent was used in scintillation fluid,
Light petroleus (60-80°): Dried over sodius-lead alloy and
redistilled,

pyridine: ANALAR grade,

NCS solubilizer: This iz a product of .mersham/"earle Corporation

and was used in tiscue solubilization,

nispyrozolone: BDH Chenicals Ltd,
Fyrozolone: BDH Chemicals Ltd,
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2, Methods
2(a) Experisents with animals

The only animals used during the course of this work were albino
rats from the stock colony of the Department of Biochemiastry,
University of Liverpool, which was derived from the CFHB strain of
Carworth Burope (now Anglia Ladoratory Animals), Alceabury,
Huatingdon,

Food and water were given ad libitum,

2(v) Diets
Lxperimental rats were given either a basal diet with extracted
soyabean meal as the main protein source, which contained retinoic
acid but no retisol, or the standard rat cubes, commercial diet 418,
In each experiment, the particular diet employed is specified,

Extracted soyabean meal diet Per cent

-‘Ef&mae mo’
Cuyaboon meal (extracted) 40.0
Arachis oil 3.0
Fethionine 045
Choline ehloride 0,2
Minerals 6.0
B vitamine in glucose 1,0
Fat soluble vitamins in oil 1.0

The zinerals were salts N of Fox and Briggs (1960) with the
following additions to each GO kgt

NadoQ) 2H, O 5¢g
Nae S@0y 29 =g
NaF 500 mg



fly BOy 10 g
Ka ALy (50 ) 42800 0 8
Nag 510, 96 0 50 g

The solution of fate-soluble vitasmins in arachis oil
contained (per kg arachis oil ):

Cryatalline vitamin Dy 1l mg
a=Tocopheryl acetate 15 8
Vitamin K, (phylloquinone) 500 mg

Retinoic acid wvas added in the arachis oil to give a final
concentration of 3 ug/g diet,
The 5 vitanin mix in glucose contained (g/kg glucose ):

Thiamine hydrochloride 12 g
Inositol 50 g
Caleium pantothenate 10g
Nicotinic acid 50 g
p-Aminobenzoic acid bg
Rivoflavin 8g
;yridoxine hydrochloride bg
Folic acid 28
Cyanocobalamin 0,005 g
Biotin 0.5 g

All diets were mixed fres ly every fortnight and stored,
They vere moistened with arachis oil before being given to the rats
in order to increase acceptability and minimize waste,
This basal diet was used in many feeding experiments and also
for investigating the stability of cyanide vhen added to the diet,
It is referred to in the thesis as the 'basal soyabean meal diet',
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nmwummmtmm.ntmmuu
muhdm-mlxhpmtulwu(mnnlu)wutw

day, as it contained retimoic acid and no retinol,

2(e) Administration of supplements
Al nml“uotﬂmamoiw administered orally

umlumumu-onu.mnammoummmtug
arachis oil to 95 g dlet). num-»-.mw.m-pnmt

umhnennhduummn. Mthﬂtlﬂillmpl“t
mﬂiﬂitmdoully.thowmprhhhummmﬂuo.aﬂ
oummundbymotnld-m. The rat wvas gripped
ﬁm,.ttumkotmwuummubmnnwmtu
muﬁmndepuwmmmfnm&ht“ht. A rat held in

this position swalloved the supplement with a cinimum of discomfort.

byﬂ::ttonotahmlqmﬁtyof the salt to the diet mixed with
arachic oil (see Chapter IIT) instead of modstening with water (5 g
arachis oil to 95 g diet). Thocmihmmulhwtmsdht
uhhhm;ikuthontumm. 10 g was about the amount
of diet which each rat could consume overnight. %hen this had all been
eaten (by the morning), the rat was given the soyabean meal diet
(containing no cyanide) ad 1ibitum, The cyanide was relatively stable
hmhnmtmdmbutmmpluk-ptWthdm
less than %i. The problecs of adding potassium cyanide to rat diet
when moistened with ntcmwummﬂcmm. In
certain experiments, cyanide was also given as dilute aqueous solutions
of its potaseium salt in rat-vater bottles where losses were found to

be around 1 when kept overnight (Chapter III).



2(d) Examination of rat skeloton

MﬂMumnomMMottmwﬂd

facilitate their removal. The bones were carefully cleaned with
wm.m.mﬁummmtuwmnm
(20 vol). m:mmpa“w-whu alcohol and

chloroform and allowed to dry bdefore exanination,

2(e) Histology of the ikidney
Kidneys (cut into two, longitudinally) were fixed in phosphate

wffer, pi 7.0, with 4 v/v formaldehyde. The period of fixation was

For routine exanination, sections were mounted on albuminized
slides, dried in an oven ltnhnt&.,nd-umdluouwth
haematoxylin eosin technique or by the Jon Kossa technique.
mmmdtmwsummwthmﬂlm.

i) Haema and 5

Mﬂdﬁumtmfmdmlnmtommm
eolution, where they were left for five minutes, After draining off
emcess haematoxylin, slides were rinsed in water and differentiated
by immersing ia 1» HCl. noymmnn-id-punw-m
and 'blued' in tap water. Finally slides vere rinsed in water and
counterstained in 1¢ Eosin solution, The countorstained slides were
dehydrated in absolute alcohol and cleared in xylol (two changes) and

then mounted,



1) You Kossa staining
The deposition of calcium in kidney cells was confirmed by

staining sections by the Von Kossa technique. Here, dewaxed slides
wvare taken out of distilled water, placed in a jar of freshly
prepared 1,5 silver nitrate solution, and allowed to stand in the
dark for two minutes, The sections were then ringed in distilled
water and reduced in freshly prepared 1° hydrogquinone in 104 sodium
sulphite until caleium turned black (as checked with a control section),
Sections were counter stained in Van Giason solution for ten minutes,
cleared in xylol and mounted,

Complete details of the dehydrating, clearing, staining and
mounting technigue may be obtained from Culling (1963),

The entire histological work was carried out by the author
in the Department of Pathology, University of Liverpool, MNr, John
Massey and other members of the technical staff of the above
Depa.toent offered me valuable assistance and supervision during the
course of the work, for which I am most grateful,

3. ZIxperimental sethods
3(a) Estisation of Vitamin 4

The use of trifluworoacetic acid to estimate retinol and its
esters has been described by Neeld and Pearson (1963). They showed
that the trifluoromcetic scdd (TFA) method retained the sensitivity
and specificity of the antimony trichloride test (Carr and Price,
1926 ) tut did not exhibdt the turbidity and filmeforming properties
of the latter reagent in the presence of moisture, Furthermore, the
blue colour of the TFA reagent does not fade as quickly as the
Carr<Price test, The method was calibrated with retinyl acetate,
The amount of retinyl acetate in each tube was dissolved in a mixture



of 1 ml cyclohexane (spectroscopically pure) and 0,5 ul chloroform,
1,5 ml trifluvoroacetic acid solution (33 ml triflucroacetic acid made
up to 100 ml with chloroform) was added to the spectroplotometer cell
containing the vitamin by using a rapid delivery syringe, Zach
sample was read sgainst a blank tube containing 1 =l cyclohexane,
0,5 ml of chloroform and 1,5 ml trifiuvoroacetic acid solution,

The chemical methods for estimating the vitamin A concentration
in blood plasma depend for their accuracy on complete removal of the
retinol from ite carrier protein. In order to achieve this, the
protein component is precipitated and the free vitamin A extracted,
Kahan (1966 ) described a method of quantitative extraction of vitamin
A based on studies of the partition of the vitamsin in various two-phase
solvent syatems, Usually, ethanol (99.,5:) is used to precipitate
the protein and to dissolve the vitamin initially; a second solveant,
0.8, cyclohexane, light petroleum or chlorofor: is added to the
mixture and shaken and the whole mixture centrifuged, the top layer
(of cyclohexane for exasple) then contains the vitasin and is removed,
Kahan (1966 ) claimed recoveries of over 95. for added retinol using
this procedure on a small volume of human plasma,

A modification of this tecnigue given by Mclean (1970) was
adopted, 2 to 10 ml pleama was uixed with ethanol (10 ml) in a
separatory fuanel and 20-30 ml light petroleum was added and the
mixture shaken, The solution was allowed to settle and the protein
layer wvas run off; the petrol layer wvas collected., The protein
solution was re-extracted with 20 ml light petroleum and the petrol
extracts were combined and blown down under nitrogen., The residue
wag taken up in a mixture of 1 ml cyclohexane and 0,5 ml chloroform,



A - 30 seconds)s A standard curve (Fig Il.l) was prepared using
known amounts of retinyl acetate dissolved in chloroform, At
amounte higher than about 4,5 pg retinyl acetate, the absorbance
becomes non-linear.

hﬂdﬂl@unﬂﬂh&d“(tmnhmu

been maintained on a vitamin A deficient diet supplemented with

50 ml portions of freshly redistilled ether, 5 ml of the ether
thdﬂuMhmﬂﬂwaImderwo“
ﬁﬂwhnmcmpotmm (57 200) against a blank
mummmmmtnmmuddvtmma. The amount
of retinyl muhmulcnhudm-m.hnorbnmo at 326 nm
using the molar extinction coefficient, 50,800, without further
correction. MMmoMMMMW'HAUMNﬂO
pesults obtained by the two independent metiods were found to agree
very closely (wtmmmic).
1i1) h&otﬂ&lhlﬂu

Snpoum-tmum-ndutmtmunomuhhh

1ipid,

momtmdmdmthntwwbseowﬁ (1966 ).
WMM(M;)muponlﬂdw“nmﬂthnm
of lO.?!laqmm(O.S-Iporoltum)ndO.o'?npmplm
noumolunporpumo)torﬁmm The saponification

mmmmmumnmn.qmm.-orum.uomm
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three times with freahly distilled dry peroxide-free ether, The
ether extract was washed with wateruntil the washings were neutral,
dried over ashydrous sodium sulphate and evaporated to dryness,

The unsaponifiable residue was redissolved in cyclohexane
and its U,V, spectrum drawn, In some cases where the retinol contemt
was high, it wvas possible to estimate the amount of retinol directly
from this spectrum without using a correction procedure of the
type desoribed by Cama et al, (1951), Othervise, the retinol was
estimated chemically by the trifluorcacetic acid method already
deseribed (see estimation of retinol in plasma ),

The amount of retinol as estimated directly from the U.V,
spectrunm was found to agree closely with that obtained by the TFA
method when the liver retinol store was so high that the irrelevant
absorption was relatively negligihle,

3(b) ZIiseus proteis estimation
Protein was estimated by the method of Lowry et al (1951)

acoording to Campbell and Sargent (1967),

To the saple of tissue (usually a homogenate suspended in 1 ml
water) were added b ml of a mixture (50 parts 0,2 NeeCOs in O,1M
NaOH and 1 part 0,04 CutQ, in 0,07M sodium potassium tartrate)
and the solution was allowed to stand 10 min, 0,5 ml FolineCiocalteu
reagent (diluted 100 to 236 with distilled water) was added with
vigorous aixing, and the entire mixture diluted to 20 ml, The
extinetion at 750 nm was read after 30 min, A standard calibration
eurve wvas crepared using bovine serusm albumin, The calibration curve
shows two linear portions; the slope at higher protein concentrations
being less than that at lower concentrations (also observed by
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Campbell end Sargent, 1967), This limitation was overcome by working

anutnuoummnmmnw. The typical

Methsemoglobin reacts with cyanide (even at lov concentration)
to form cyanmethaemoglobin (ferrihaemoglobin cyanide) but
ferrohaemoglobin does not react with cyanide at low concentrations.
Furthermore, methaemoglobin shows a strong absorption at 630 nm which
diseppears on the addition of cyanide due to the formation of
mmmm. The decrease in absorption of methae-oglohin
atﬁmummuohtﬂdwmaddiumofcmihuwm
the determination of the former in the presence of ferrohaemoglobin,

1-..1hgpar1n1ndw~umodnnn1umuthaom
detergent (Nonidet pho diluted 1-100) and 20 mls 0.,1M phosphate buffer
ﬂ?.owmtﬂmhmoatm. mupemmtmuod
for the estimation of methaemoglobin content of the bloed.

Aporthnotthnmmmt(wmn)mmu6”u
=DL

1mormtsom)mm-um-mmnsson
read again = D2,

ﬁnumdporthlofm-npom‘t-t(d-dmmz)m
dhlluopo!tmtﬂﬂuh(”ﬂ)cdmmwntﬁpu-
El.

Idnpefmtsow)m.w‘ndthoawrmondntm



Absorbance at 750 ns

FIGURE 11,2
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Calibration curve for the es=timation of protein by the method of

lowry et al. (1951).
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Total haemoglobin was calculated from El-E2 (section 3 o.i)
using the calibration curve obtained by the method below,

The calibration curve for the measurement of total haemoglobin
by comversion to methaemoglobin was prepared using heparinized blood
from a male rat (methaemoglobin is unstable and hence atandard
samples are not available),

Stroma free supernatant was prepared as already described
(section 3 ¢.i) and varicus dilutions were made with a mixture of
phosphate buffer and detergent (ratio 2:3), Each was treated with a
drop of potassium ferricyanide followed by a drop of potasseium eyanide
and the reading tacem at 630 nm (8630),

The concentration of hasmoglobin in the blood was determined
by the cyanmethaemoglobin method described below (section 3 e.iil),
From the valuesobtained, the concentrationsof haemoglobin in the
various dilutions of the supernatant were calculated and these vere
plotted against the corresponding 5630 readings (Fig,II.3).

Total haemoglobin may be deteruined by oxldation with potassium
ferricyanide in the presence of KCN to form cyanmethaemoglobin with
an abeorption maximum at 540 nm,

A calibration curve (Fig,II.h) was prepared for the measurement
of haemoglobin by its converaion to cyanmethaeroglobin using a sample
of standard cyanmethaemoglobin,

The stroma-free supernatant (section 3 o,i) was diluted with
phosphate buffer: detergent (2:3) to give a 200 times dilution of
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original blood, A drop of potaseium ferricyanide was added followed
by & drop of KCN and the absorbance was read at 540 na, The
reading wae used with the calibration curve (Fig.II.4) to obtain
the concentration of haemoglobin in grams per 100 mls btloeod,

iv) Methaesoglobin by the carton monoxide method

Ferrohaemoglobin combines wilh carbon monoxide to form a
carbon monoxy derivative (ALCO, a particularly stable derivative),
Methaemogslobin does not resact, However, methaemoglobin can be
reduced to ferrchaemoglobin by the addition of sodium dithionite,

The method of Nichol and lorell (1968), which was used here
for the estimation of methaswoglobin, depends upon the increase in
extinction at 509 nm after adding dithiomite to a suitable diluted
blood sasple gasged with carbon wonoxide, Before additiom of
dithionite, the reading at 569 no - absorption maximus of HbCO -
includes some absorption due to methaemoglobin, A correction is
applisi after reduction by adding the decrease in abeorption at 638 ma
(vhere absorption for methaemoglobin is the same as at 569 na) to the
value of AS69 na,

The assay was periormed as follows: 1,0 ml of oxalated blood
vas diluted to 10 ml with distilled water and then centrifuged
(3000 g x 10 min) to remove stroma, To 1 ml of the supernatant was
added 9,0 ml of pH 5,0 phosphate buffer (prepared by mixing 6,15 ml
Oo1M Nap PO, with 43,85 ml O,1M Nal, PO, and diluting to 100 ml with
distilled water) and a moderate stream of carbon wonoxide was paseed
through the solution for 3 minutes in the form of large bubbles to
avoid denaturation of proteins (Nichol and Morell, 156%). The
absorbance was measured immediately at 569 nm and 637 nm using an
8P1800 spectrophotometer (delay beyond 10 mins at this pH may permit
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autoxidation of haemoglobin giving falsely high values), A few
crystals (about 2 mg) of fresh sodium dithionite were added to the
solution which was then mixed by repeated gentle inversion and the
abgorbance was measured again at 569 nm and 63" mm,

The methaemoglobin concentration expressed as grams per 100 ml
whole blood is calculated from the forwula:

Methaemoglobdn » __ AS69 + 4638 + 20 x 16,1
(g/200 ml blood) 15.5

vhere 15,5 = enM for carbon monoxyhaemoglobin, 10 = dilution factor

for blood sample and 16,1 is derived from the internationally
recognized molecular weight per haem of haemoglobin which is 16,115
(Nichol and Morell, 1968),
v) Zotal haemoglobin by the dipyridine method

The following procedure was used (Nichol and Morell, 1968 ):
To 1 ml of the 1-10 diluted centrifuged blood (section 3 ¢.iv) were
added 1M NaOH and a few crystals of sodium dithionite. The mixture
was diluted to 25 ml with agueous pyridine (diluted with an equal
volume of distilled water), Total haemoglobin was calculated from the
following formula (Nichol and Morell, 1968 ):

Total hasmoglobin = _ASS7 mm x 25 x 16,1
(g/100 ml blood) 30.9

wvhere 30,9 = emM for dipyridine ferroprotohasmochrome, 16,1 is
derived from the molecular weight of a one haem-containing subunit
of haemoglobin,

5(d) Packed cell volume
The packed cell volume of heparinized whole blood was deteruined

by the microhaematocrit method, Haematocrit capillary tubes were
used, The blood samples were thoroughly mixed by inversion, and
alloved to enter the tubes by capillarity, leaving about 15 mm unfilled,
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The tubes were then sealed by means of a plastic seal and centrifuged
for five minutes using the microhaematocrit centrifuge, The packed
cell volume (PCV) was measured directly from a reading device
provided with the instrument,

3(e) Estimation of cyanide added to diets
Between 0,5 and 2,0 g of the diet was placed in a Markham

distillation apparatus and the sample washed down with about 5 ml
distilled water, The apparatus was assembled so that the tip of the
condenser dipped below the surface of 50 ml O,6M NaOH in the receiver,
About 8 ml 2,5M HCl was adled to the sample in the distillation flask
(care being taken to ensure that no HCN escaped), the mixture was
steanm distilled, and about 150 ml distillate was trapped in the
receiver, The distillate (which now contains alkali cyanide ) was
diluted to 250 ml with distilled water, & ml 6M NI, OH and 2 ml KI
solution (50 g/L) were added and the sample was titrated with 0,02M
AgNOy using a microburette, The endpoint was indicated by a faint
but permanent turbidity and was easily recognized especially against
a black background,

1 ml 0,024 AgOy = 1,08 mg HCN

The distillation procedure was checked by distilling known
volumes of standard KCN solution, Recoveries were always near 100.
(975=101% )y when the amount of potassium cyanide was 5 mg or greater,
Below 5 mg KCN there was a progre-sive increase in over-estimation
(1285 recovery was obtained for 2,5 mg KCN), This technique for
estimating cyanide is discussed in "Official methods of analysis of
Aseociation of Official Agricultural Chemists" (1900).



3(f) Estimation of microguantities of cyanide and thiocyanate in

plasma or serum,

i) Cyanide

Cyanide in serum or plasma was measured by separating it from
the sample, absorbing into sodium hydroxide, and estimating the CN in
the alkaline extract, Separaticn was achieved by the nitrogen
aeration of Boxer and Rickards (1952). The aeration vessel contained
1 ml sample of serum or plasma, 1 ml 0.1M sulphuric acid, 1 ml 8%
aqueous silicone antifoaming agent and 2 ml distilled water,
Oxygen~free nitrogen was swept through the aeration vessel for 45 mins
at a flow rate of about 800 ml/minute and the volatile HCN absorbed
into 2 ml 0.05M sodium hydroxide. Cyanide in the alkaline extract
was estimated by the technigue of Epstein (1947). 1In this method,
cyanide is converted to cyanogen chloride by chlorination with
chloramine T solution, On the addition of a mixture of pyrazolone
and pyridine, pyrazolone reacts with excess chloroamine T while
cyanogen chloride preferentially reacts with the pyridine to [orm an
intermediate aldehyde (glutaconic aldehyde). The aldehyde then
combines with the excess pyrazolcne to form a blue coloured dyestuff.
The reactions may be expressed by the following equations:

a ¢ a
v <
NaCN  + é @ o+ Na
CHy CH,
Chloramine T

(N-chloro p-toluene sulphonamide)

+ CNCL ——» Qct‘ ————» 0=CH-CH=CH-CHp ~CH=0
|

CN Glutaconic aldehyde
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Blue coloured dyestuff
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Thus to 1 ml cyanide (absorbed in O.O05H sodium hydroxide),
in an ice cooled test tube, was c~dded 0.2 ml chloramine-T reagent
(Boxer and Rickards, 1951). The tube was stoppered, mixed thoroughly
and replaced in ice bath, After 2 min, 3 ml pyrazolone reagent
.was added and the mixture allowed to stand for 1 hr at room temperature,
* Absorbance of the blue-coloured solution was read at 630 nm against
blank reagents, A calibration curve (Fig.I11.5) was prepared using
1 md of known concentrations of cyanide in 0.05M¥ sodium hydroxide,
Details of the method for preparing and ensuring the stability
of solutions employed, and conditions for obtaining maximum colour
development have been given by Boxer and Rickards (1951) and
Ballentyne et al. (1972).
ii) Thiocyanate
Thiocyanate was measured in the same sample of plasma used
to determine cyanide, by oxidizing it to cyanide with permanganate
and measuring the cyanide so formed,
To the previously aerated fluid was added 3 ml 207 trichloroacetic

acid to precipitate the proteins, After centrifugation, 4 ml of

supernatant was transferred to a fresh aeration tube and 1 ml O.01M
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potassium permanganate and 1 ml 0,05M sulphuric acid were added,
After allowing 3 minutes for full oxidation, 1 ml 2' stannous chloride

was added to reduce excess permanganate and aeration for separation
of volatile hydrogen cyanide was begun, The separation and estimation
of cyanide was as described above,

Two independent methods were used to estimate cyanate:
the method of Shaw and Bordeaux (1955) and that of Chung and Vood
(1971).

1) The Shaw and Pordesux method

This method employs ion-exchange removal of interfering
cations, conversion of cyanate ions to ammonivm ions by dilute acid,
separation of ammonium ions by ion-exchange, and photoelectric
colorimetric analysis of ammonium ions with Nessler's reagent, The
following steps were followed:

(1) To 3 ml acetate buffer pH 5.0 was added 1 ml diluted
blood (eontaining 0,1 - 0,2 ml heparinized blood).

(2) The mixture was alloved to equilibrate in a water bath
at 37° for & minutes,

(3) The reaction was started by the addition of 20 ymoles KCN
(in 0,1 ml solution), and the mixture incubated for 20 minutes (assay
tubes were stoppered to minimise loss of HCN by evaporationm),

(4) After incubation, the tubes were cooled rapidly in ice
and centrifuged at 3,000 g for 10 minutes,

(5) The supernatant from (4) was adjvsted to pH 6-7,6 using
romothymel blue indicator, and gquantitatively transferred to an
ioneexchange column (11 ml Dowex 50, 20 to 50 mesh in a 15 mm by 7 em
column joined to a 35 mm by 200 mm reservoir),
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(6) The solution was passed through the column at a rate of
1 drop every three seconds and the effluent retained in a 100 ml
volumetric flask (this effluent contained the cyanate while
interfering cations were retained),

(7) The column was washed with water and washings retained
in the same volumetric flask used in step 6,

(8) To wash out interfering cations from the column, the
column reservoir was filled with about 90 ml water and 2 ml 1N NaOH
added, This solution wes allowed to flow at a full flow rate and the
column was then rinsed thoroughly with water,

(9) To the effluent containing cyanate (steps 6 and 7) was
added 10 ml O5M HeS50, « The mixture was allowed to stand for 10 minutes
(cysnate ion is comverted to Nij +).

(10) The solution was titrated to a light green end point
(using bromothymol blue) with dilute sodium hydroxide solution (proper
pHl is essential for quantitative adsorption on column) and
quantitatively transferred to the column,

(11) Steps 6 and 7 were repeated except that the effluent which
contained the intorfering anions were discarded in this case,

(12) The column was washed with water until indicator free
and 20 ml water containing 0,5 ml 1N NaOH was used to elute the
ammonium ions at a flow rate of 1 drop every two seconds,

(13) 1 =) Nesslers reagent was added and the mixture diluted
to 25 ml,

(14) The solution was allowed to stand for 15 rinutes and
absorbance measured at 420 mm in an SP6OC,

(15) The blank consisted of assay systems treated similarly
but containing either no enszyme or no KCN (a boiled enzyme blank was
also tested),
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Using a standard cyanate solution, recoveries ranged between
83,0 to 88,05 (mean 86,6:) for four determinations,

A standard calibration curve (see Fig,II,0) was prepared
by reacting known concentrations of ammonia with Neasler's reagent,
14) The Chung and vood method

The Chung and Yood proccdure for estimation of cyanate was
euployed with modifications,

After incubation of assay tubes, they were rapidly cooled and
centrifuged 2t 3,000 g for 10 minutes (as already described under
Shaw and Bordeaux method), The supernatant was transferred into a
25 x 150 mm test tube, 1 ml 0,5 HpSO, was added, mixed, the tube
vas stoppered and allowed to stand for 10 minutes (cyanate is
converted to ammonium ion in this step), Two drops of phenolphthalein
indicator were added and the pi of solution adjusted to about 10 by
dropwise addition of MiNaOH, 1 ml 85 silicon antifoaming agent was
added and the tube was closed with a two-hole rubber stopper fitted
with gas inlet and outlet tubes, Two traps were connected in series:
(1) a 25 x 150 am test tube containing 5 ml O,1M HC1 and (2) a tube
of the same size but containing 0,1M NaOH., The first trap served
to remove ammonia while the second removed HCN and presumably other
volatile acidic gases, Complete transfer of ammonia was achieved
over a 20 minute period by aeration with nitrogen (it was found
necessary to raise the tesperature to 40° to ensure quantitative
resoval of amsonia from the assay tube),

After asration 1 ml of Nessler's reagent was added to the
tube containing BCl; the mixture was diluted to 25 ml and colour
developed as already described (see Shaw and Bordeaux method),

The amount of cyanate determined in this way was corrected
for ammonia in the incubation mixture using either tissue homogenate
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in the absence of cyanide or boiled tissue in the presence of
eyanide (both blank types gave the same quantity of ammonia),

Using standard ammonia or cyanate solutions, recoveries ranged
between 90-9%. (mean 92,1¢) for six determinatioms,

3(h)

Flasma inorganic phosphate was estimated by the method of
Fiske and Subbarow (1925).

To € m) 104 trichloroacetic acid in a centrifuge tube was
added 2 ml plasma drop by drop with constant mixing (in certain
cages 1 nl plasma was added to & ml trichloroacetic acid), The tube
vas shaken well and allowed to stand for two minutes, and the clear
supernatant stored for estimation of plasma caleium and inorganic
phosphate content,

1.0 ml clear supernatant was mixed with 5 ml 2 mM amwonium
molybdate solution and 0,2 m)l Fiske-Subbarow reducer solution
(10 aM leanino-2-naphthol-begulphonic acid with 0,50M sodium
sulphite), Colour was allowed to develop for exactly 15 minutes at
room temperature and abgorbance was measured at 660 mm in a
spectrophotometer zerved with the tube prepared in the same way but
containing 1,8 ml 87 trichloroacetic acid in place of plassa
supernatant,

A calibration curve (Fig.I1.,J) was prepared using various
concentrations of sodium Cihydrogen orthophosphate in 8% trichloroacetie
acid, mmmmyouﬂfomﬁatmtnmm
2,5 to 15 yg phosphate per assay tube,
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3(4) Flasma calcium estimation
Calcium in plasma was measured by the method of Clark and Colldp

(1925)s In this method, caleium is precipitated as caleium oxalate
and the oxalic acid liberated when sulphuric acid is added to this
precipitate is titrated with potassium permanganate,

To 4 m) clear supernatant (see precipitation of plasma proteins
in method used for determination of plasma inorganic phosphate) in
a 15 ml centrifuge tube was added 1 nl 0,25M ammonium oxalate solution,
Amponia solution (diluted 1:1 with vater) was added dropwise until
methyl red indicator changed from red to yellow, The tube was
allowved to stand overnight and then centrifuged uantil the precipitate
was vell packed in the bottom of the tube, The supernatant liquid
was carefully poured off, and the tube was clamped for 5 minutes at
an angle of 45° to drain, The precipitate was stirred up and the
sides of the tube washed with 3 ml dilute ammonia water (2 ml
concentrated ammonia (31,5 w/w] and 98 ml distilled water). The
suspension was centrifuged and the supernatant liquid drained again
as just described; then 2 ml 0,5M sulphuric acid was added, The
tube and contents were placed in a hot water bath maintained at
70-75°, shaken properly to dissolve the precipitate and the oxalde
acid liberated was titrated with 0,002M potassium permanganate,
using a microturette,

1 =1 0,002M KMn0, == 0,2 mg calcium,

Using standard calcim carbonate solution (ddssolved in
presence of HC1) in place of clear supernatant as standard,
recoveries vere found to range between 9% to 994 (average 96,3.)
in three separate determinations.



8 isstopjs materia) snd eoupting teetmique

['*C) rotassium cyanide of specific activity 57,0 oCi/mmole
vas obtained from the Radiochemical Centre, Amersham, The K'‘CN
as obtained was dissolved in O,1K NaCH, stored in the frozea state,
and purified as needed,

Ma) purification of K'*on

K''CH was purified by the method of Boxer and Rickards (1952),
using a Varburg vesosel,

A concentrated solution of the radicactive potassium cyanide
was introduced into the outer compartment of a Jarburg vessel, a
small calculated moufnlk-li was introduced into the ceatre well,
and an oxcess of sulphuric acid into the side arm, After evacuation
of the vessel, the acid was tipped into the outer coumpartment and
the closed evacuated vessel left at room temperature for 1 hr, The
contents of the centre well were quantitatively removed, the cyanide
concentration ddtermined, and the appropriate dilutions prepared,
This procedure is known to separate hydrogen cyanide guantitatively
from cyanate or thiocyenate and formate (Boxer and Rickards, 1952),

A check on the recovery of cyanide by the above purification
mothod was carried out using non-radicactive cyanide, and a mean
of 998 }.B (5D) was obtained in six separate purifications,
Recoveries of ''CN following rurification by same procedure were also
100%, Ma'dmly shows that the redicactive K'“CN as supplied was
1004 pure.

b(b)

Homogerates of one part of tissue in two parts of vater vere
dispensed by pipette; 0,2 ml0,5 ml samples of each tissue were
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digested with 3 ml NCS solubilizer, overaight at room tesperature
umnso'ummmwtom. Heating times
varied fyom less than 1 hr to a maximum of 6 hrs, Cample digestions
were carried out in glass counting vials, of which the foil-lined
caps were provided with insert liners of tefloa,

Bagkground sarples vere prepared for labelled tissue samples
by perforuing identical procedures on unlabelled tissues from
control animals, All samples, vere prepared in duplicate,

Digests were examined for completeness of dissolution and
diluted samples for evidence of precipitation by holding vials against
a dark background, mﬂmu-m:mtimdmtﬂn:.:&m
in appearance was obeerved,

A detailed account of solubilization procedures for liquid
scintillation counting of “ioclogical materials has been given by
Hansen and Bush (1967),

4(e) Decolourization
Qaly whole blood was found to be so highly coloured as to

require bleaching, In this case, benzoyl peroxide vas used as
bleaching agent, A solution of benzoyl peroxide was prepared freshly
by heating 1,0 g of the reagent in 5 ml tolueme at 60°, The
solution was cooled to room temperature and filtered, To
decolourize a sample, 0,3 uml of the filtered solution was added per
1l el of NCS used and the sasple further digested until no further
decolourization was observed,

Md) Zeintillation counting
Two types of scintillator solutions were used throughout thése

studies: (1) a dioxane scintillator solution and (2) a toluene



seintillator solution,

For each type of scintillator solution, quench correction
curves were prepared by the external standard method, This permitted
correct couputation of abeclute activity in samples, Typical quench
correction curves based on the Intertechnique SIAO (refrigerated)
used throughout these studies are given in Figures II.8 and II.9,
Vials were usually left in the dark for a few hours before counting,
1) Solubiiised tissues

A toluene seintillator fiuid was used for solubilized tissues,
The solubilized tissues were cooled before addition of scintillator
solution to give a final volume of approximately 20 ml, The
concentration of fluor in the scintillator solution was such that it
yielded 6 g/L PPO (2,5-Diphenyloxazole) and 0,075 g/L FOIOP (1.4
Di~[2«(5-phenyloxasolyl )J~benzene) in the final counting solution,
i1) Agueous solu

For aqueous inorganic solutions, NCO was sixed with the
toluene scintillator fluid before addition of the aqueous samples,

In certain cases, dioxane scintillator sclution was used for
aqueous inorganic solutions, The scintillator cocktail used in this
case was: 1 litre dioxane (purified by refluxing for 2 hr with sodium
metal and them distilling).

7 & FPO
Oe3 g POPLP
100 g naphthalene (scintillation grade)
In this case, NC° was not required and U.lule2ml agueous solution

was counted in 10 al of dioxane scintillator solutica,

About O.lg=0.lg TCA precipitate was solubilized in 3=5ml NCS
and counted in toluene scintillator fluid as already described for
solubilized ticsues,
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CRAPTER III

of um to

of cyanide by the rat.

1. Introduction

Fotassium (and sodium) cyanide in aqueous eclution is
hydrolysed with comparative ease, Hydrolysis proceeds even at
room temperature, though slowly,

KCN + HyO L oae EOH + HCN
The solution is thus strongly alkaline and smells of HCN,

Moreover, hydrocyanic acid is a very week acid which quickly
reacts with water when in solution and more rapidly in the prosence
of inorganic acida to form firet of all formamide and then ammonium
formate (Cke, 1969).

HON =—=0p  HOONH, ~—i20—p RCOONE,

In view of the proven instability of cyanide, moast
investigators have ewaluated the toxicity and metabolisam of cyanide
precent in foodstuffs largely by feeding diets containing cyanogenie
glycosides to experimental animals (Blakley and Coop, 1949;
Osuntokun, 1970; Van Der Valden and Kinthaert, 1973). "hen sodium
or potassium cyanide has been given to experimental animals over a
prolonged period of days, it has been administered, in dilute solution
by repeated injections (Smith and Foulkes, 1966; Chander and MeGinity,
1977). GLstimation of cyanide toxicity by the administration of
cyanogenic glycosides to exrerimental animals may not provide a good
index, as the actual amount of cyanide absorbed will depend on the
mode of metabolism of the glycosides - whether they are comverted to
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free cyanide or not, On the other hand, injection of inorganic
cyanide to experimental animals is physiologically unmrelated to the
normal mode of ingestion, In a few cases howvever, potassium cyanide
has been administered to edperimental animals either in their diet
or in their drinking water (Clark, 1936, 1939).

So far as is known, no report has been presented on the
stability of inorganic cyanide when added to diets of experimental
animals, However, studies on the stability of inorganic cyanide
when added either to saline or to phosphate buffer (pil 7,0) at room
tesperature have been reported (Pettigrew and Fell, 1972; Ballantyne,
1973). In neither solution was there extensive loess of HCN, but the
experiments lasted only for one hour, It cannot be concluded that
cyanide would be stable when left in the diet over a period of many
hours,

Recently, a number of papers have reported on the stability of
¢yanide added to blood or plasma of animale or on the blood or plasma
removed from cyanide-poisoned animals (Ballantyne et al. 1970, 1972,
1973); Balantyne, 1976, 1977). They emphasized that in the context
of both forensic and clinical toxicology, it is clearly necessary to
be aware of the various factors that may lead to alterations in cyanide
concentrations in blood or rlasma after its withdrawal from the body,
¥hen there has been delay between removal of blood originally
containing high concentrations of cyanide and the analysis of such
‘lood, transformation of cyanide may present problems (Ballantyne,
1974, 1975). Transformation or loss of cyanide could give uareliable
analytical results,

In studies on the metabolism and chronic toxicity of cyanide,
potassium cyanide has been added to diets of animals (Clark, 193,
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19%9), However, to date, no paper has reported on the stability of
inorganic cyanide added to animal diets. Experiments described in
this chapter are designed to establish the avallabllity of cyanide
added to diets of experimental animals, A method is presented for
adninistering potassium cyanide in the diets of experimental animals
(normally consumed over a long period) im which no significant loss
of cyanide occurred,

2, Experimental procedure
The stability of potassium cyanide in the diets of experimental

animals was investigated using three types of diet, Two were
semi-synthetic - one based on extracted soyabean meal , another based
on skimmed milk and a third was obtained by grinding up cubes of the
commercial diet W13,

10 =l of KCN solution (10 mg/ml) was added to 0,5-1 g of
diet and then mixed properly, The mixture was left overnight in an
open 100 ul beaker for about 18 hours, Zstimation of cyanide in each
sample was carried out by distilling off the cyanide into standard
sodium hydroxide solution ueing the Markham apparatus, followed by
titration with standard AgNOy solution (see Chapter II),

3. Results

Clark (1936, 1939) described experiments in which KCN and HCN

were given to rats in drinking water, No report was given on the
stability of the cyanide solution during the period of administration,
The stability of KCN solution when stored at roow temperature in an
open beaker or in a rat water bottle (corked and inverted in a rat

cage, in the same manner in which water is normally adnministered to
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experimental rats) is presented in Table III.l, loss of KCN from
the water bottles (as HCN) was only about 2: over a period of 18 hrs,
In contrast, KCN solution kept in an open beaker overnight lost
atout 40! of KCN, This indicates that KCN in an open beaker is
lost largely as HCN by diffusion,

In preliminary experiments on the stability of potassium
cyanide when added to rat diet, 0,5-1,0 ml KCN solution (100 mg/ml)
vas added to 10 g of diet, mixed thoroughly and left in an open
beaker overnight (about 18 hours). No cyanide was detectable in
1-2 g of such diets by the assay method already desecribed in
Chapter II, KCN added to such a diet was thus completely lost during
storage in an open boaker, The loss of ICN from such diet was
confirmed by the failure of 10 g of such diet (originally containing
100mg of KCN) to produce toxic effects in rats weighing about 200 g
each, Rats on such a diet ate well and grew like comtrols,

Because of the practical difficulties of detecting small
amounts of cyanide in diet, a different procedure wvas adopted in
subsequent experiments - the effect of diet on the loss of cyanide
from an aqueous solution of KCN was studied (see experimental procedure
described in section 2 of this chapter), The rosults are shown in
Tables III,2 and 3, It can be seen that about 50 of cyanide was
lost when 0,5 g of diet was added to 10 ml of KCN solution containing
10 mg/ml (Table II1,2), When this was compared with the lose of
cyanide from KCN solution (alone) in an open beaker (Table IIT,1)
it was seen that the addition of soyabean and greemdup commercial
diets resulted in an increased loes of cyanide from the KCN solution
by about 10%, In contrast, the loass of cyanide from the KCN golution
vhen skimmed milk weas added is much the sare as that lost from an
open beaker, when the amount of each diet added to the KCN solution



ZJamLe 111.1
Recovery of cyanide from KCN solution after storage.

Type of storage Storage time L of EKCN recovered
(hre) (mean + S,E.M., ns5)

Open beaker 18,0 6446 + 6.3

Rat water bottle 13,0 9844 + 1,0

Control 040 99,6 + 1.1
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Recovery of cyanide from KCN solution added to 0,5 g diet,

Type of diet Storage % of added KCN recovered
(h)

Semi-gynthetic diet

based on soya bean meal 0 9545 + 09
m wo’ : 1.9

Semi-synthetic diet

based on eicimmed nilk o 9.3 & 1.4
18 63.0 ¢ 1.4

Groundup commercial

diet 428 o 940 + 1.6

18 52.5 : 00’




TABLE III.3
Recovery of cyanide from KCN solution added to lg diet,

Type of diet Storage % of added KCN recovered
::Ia). (moan 4+ 5EM, n = &)
h

Semi-gynthetic diet based
on soya bean meal 18 29.8 + 1,0

Semi-synthetic diet based
on skimmed milk 18 19.0 + 1.4

Ground  up commercial diet
) 18 33 s 2.2




was increased to 1 g, greater loss of KCN (about 70% in the case of
skimmed milk or soya bean meal diet and about 50X in the case of
commercial diet 41B, Table III,3) occurred, The causes of this loss
are investigated later in Chapter VII,

It is clear therefore that the toxic level of cyanide
cannot be correctly estimated by addition of potassium cyanide to
diets of animals to which water ic usually added. Furthermore,
estimation of cyanide toxicity by feeding diets containing cyanogenic
glycosidés to experimental animals may not provide a useful index, as
the actual amount of cyanide absorbed will depend on whether the
glycoside can be converted to free cyanide ions or not (Oke, 1969).
Thus addition of inorganic cyanide to the diet of animals may
represent a more reliable method for evaluating the toxic level of
cyanide, However, if inorganic cyanide is to be mixed thoroughly
in the diet, the latter must be powdered., But powdered diet needs
addition of a little water to avoid undue spilling by the rats and
to improve acceptability, As has been shown here, water, which is
usually employed for this purpose, causes substantial loss of cyanide,
A procedure for administering potassium cyanide in diets to rats,
using arachis oil ,wes describedwehM. The stability of KCN in
these conditions was investigated using a diet based on extracted
soyabean meal (basal soyabean meal diet),

To 20 g of the diet was added about 0,4 g KCN, The diet was
mixed thoroughly with the KCN and stored in an open 100 ml beaker for
about 18 hours, Estimation of KCN was carried out in approximately
1 g samples using the method already described in Chapter II., The
recovery of KCN from the oil diet is much the same as the recovery
from the diet before storage (Table IXI. 4, P =0,3), The KCN is
therefore stable when mixed in an 'oil' diet, Moreever, the diet

mixed with arachis oil was found to be acceptable to the rats.



TABLE III.b
Recovery of cyanide from semi-synthetic diet based on soya bean meal

(mixed with arachis o0il) to which KCN was added,

Storage time % of KCN recovered
(h) (mean™ + SEM, n = &)
0 95.5 : 0.9

®he difference is mot significant statistically,
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Although cassava, which contains the cyanogenic glycoside
linamarin, has been used extensively in the study of cyanide toxicity
and metabolism (Clark, 1936, 1939; Osuntokun, 1970; Van Der Valden
and Kinthaert, 1973; Tewe et al. 1977), only recently (Barrett et al,
1977 ) bas a paper been presented on the fate in the "rat of purified
linamarin given erally ia the absence of the active linamarase which
in cassava liberates cyanide from linamarin, The report showed that
no intact linamarin was present in the faeces of dosed animals,

Over 16, of the dosed linamarin vas excreted unchanged in urine,
indicating that a substantial amount of ingested linamarin is absorbed
intact from the intestinal traet,

Thus, the addition of KCN to semi-synthetic diet mixed with
S5+ arachis oil represents a most effective wvay of ensuring that the
adeinistered cyanide is taken by the animal in its fully available
form, It is also a method of adninistration which is physiologically

related to the normal mode of ingestion,

Eight male rats were divided into two groups of four rats each
(groups DPA and DPB), The rats, weighing between 200 g and 2% g,
vere transferred from commercial diet 41B to the soyabean meal diet,
After one week on this diet, a supplement of 5,0 mg (77,0 umoles) KCN
vas added to the diet of group DPB rats, The cyanide was added to
the amount of diet which each rat would consume overnight (about 10 g)
after which they were fed ad libitum (see Chapter II), No KCN was
added to the diet of group DPA rats,

At the end of three weeks on the cyanide supplement, one ratata time
from each group was anaesthetised with halothane and blood was



removed by heart puncture, chilled and centrifuged as rapidly as
possible (at 3,000 g for 10 min) to obtain plasma, Cyanide and
thiocyanate contents of each plasma were estimated by the method
already described in Chapter II,

The thiocyanate content of the plasma of rats on cyanide was
significantly higher than those of control rats (P<0,01, Table III.5).
A number of investigations on the relationship between the concentration
ormmuumph-mimemmnmnnm
published (Osuntokun, 1967, 19703 Osuntokun et al., 1968; Van Der Velden
and Kinthaert, 1973; Tewe et al., 1977)., These workers confirmed
that considerably higher amounts of thioecyanate are found in the
plasma of animals ingesting cyanide in the diet compared with animals
not ingesting this ion,

Furthersore, animals ingesting cyanide are known to exerete
more thiocyanate in the urine compared with control animals (vWokes,
1958; Mehta and MeGinity, 1977). It has also been shown (Chapter VIII)
that the addition of potassium cyanide to the diets of rats by the
method described in this chapter, led to an increase in thiocyanate
excretion in the urine, Clearly therefore, the cyanide added to the
diet mixed with arachis oil (as described in this Chapter) is not
only atable in the diet, but also gets into the body of the animals
ingesting the diet,

3(c) The tolerance of ¢ by rats

Eighteen albino rats weighing between 70 and 120 g, used for
the experiments described here, were maintained on diet 418, They
vere divided into three groups of six rats each (D, % and F), Group D
rate served as controls, £ were given drinking water containing 0,1 mg
KCN/zl while F rats had drinking water containing 0,25 mg KCN/ml, The



TABLE IIX
The plasma thiocyanate concentration of rats given cyanide in the
diet.

Group Substance
added to Thiocyanate concentration
diet
pmoles/rat/day #&/200 ml % moles/100 ml
9 1.7
180 3.
DPA Nona2
226 3.9
237 2.7
Mean 166 249
3.5.". :& :0.9
1,289 20,5
858 14,8
DPB rotassium
cyanide 1,005 17.5
(77.0)
h29 )
Vean 873 15.1

S.E.M. +163 2.8
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agtual amount of cyanide taken Ly each rat per day was calculated
from the concentration of cyanide in drinking pater and the volume of
wvater taken, The experiment lasted for 48 days, The dinking water
containing the cyanide was provided in raot water bottles,

The addition of cyanide to the drinking water of rats of
groups E and F resulted in a reduction of water intake (Table III.6,
Fig. I11,1) relative to control group (P < 0,025), Rats of groups E
and ¥ nevertheless drank adequate amounts of water (for the last 20
days, around 30 ml/day), In & preliminary investigation it had been
found that rats drank less water when KCN was added o it, possibly
because of the high alkalinity of the cyanide eclution,

The rats given cyanide in the drinking water gained slightly
less weight than did the controls (Table IIY.7 and Fig, III,2) but the
differences were not statistically significant, even at the high level
of dosing in group F (P > 0.1).

The average amount of KCN taken by each rat ranged from 2,0
to 8,9 mg/day over a period of 48 days; the total amounts of cyanide
taken by each rat during the same period varied between 97 and 425 mg,

34) Bassogiobin and Methasuoglobin contest of rets on cyenide

The haemoglobin conteat of the blood of rats given potassium
cyanide in the drinking water (group F) was deternined by the dipyridine
method (Chapter II) while that of another grour of rats given cyanide
in the diet (group DB) was deternined by the methaemoglobin method
(Chapter II), The results are given in Tables ITI.8 and ITI.9. The
haemoglobin content of the rats in group F did not show any difference
when compared with comtrol rats (group D), Rata in group D8 hovever,
shoved lower levels of haemoglobin cospared with controls, although
this vas not statistically sigaificant (P> 0,05).



TABLE II1.6
antofnwmmuknbynuMpomemm

mnﬁodwmdrmusumtorhﬁdql.

Group Concentration of Average volume Total KCN
KCN in the of water taken for
drinking water taken per 48 days
mg/ml day
0.0 33.0 0.0
0.0 6.4 0.0
D 0.0 30.5 0.0
0.0 37.6 0.0
0.0 ‘ 8. 040
0.0 30,0 O
Mean 0.0 32'7
soltno :105
0.1 2043 97.4
0.1 25.5 121.9
E 0.l 24,0 115.2
001 ﬂ.“ 1*.3
0.1 n.’ 15002
0.1 275 132.0
Mean 0.1 26,2 125.5
S.EM. +1.6 +745
0.25 29.0 348 .0
0e25 22.6 ﬁz-z
4 0.25 22,0 264,0
025 2h,3 292.8
0.25 a0 255.8
0.25 3545 b27.2
Mean 0.25 .8 311.8

S5.E.Me + 2.2 :&.6
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TABL!E'Z
@rovth of rats given cyanide in the drinking water for 4 days,

Group Initial weight Final weight  Gain in weight

of pats of rats (8)

(8) (g)

b 74 286
7 %5 4
: 8l 320 2%
86 287 201
& 308 29
7 A8 2
Mean 88 304 26
S.E.N, :’ :‘ :7
68 230 162
73 246 173
70 275 205
E 62 282 220
109 322 23
22 25 200
Mean 78 273 196
30‘.!. :? tu :’
1s 325 20
94 255 161
7 262 185
F 1Y 280 196
106 2ho 134
pLY 380 2%
Hean 103 290 188
S5, 2 222 225

The differences in weight gain between groups D and E, and D and F
were not statistically significant (0,1« P<0,2)s



Average body weight in grams

FPICURE III,2

Weight gain of rats given cyanide in drinking water,
D = Controls
E = On KON~ water - 0.1 mg/ml, Toock 2,03-3.81 mg KCN per day.

F = On KCN water - 0.25 mg/ml, Took 5,33-8.8 mg KCN per day,

50

Veeks on cyanide dose



TABLE IIX

The packed cell volume, haemoglobin concentration (measured by

dipyridine method) and methaemoglobin concentration. (measured by

CO method) of rats given cyanide in drinking water for 48 days,

o SEe R LS. SRR
per day % £/100 ml blood
0.0 395 1.5 0.9
0.0 ho.0 13.1 1.0
. 040 3545 12,5 0k
0.0 3940 13.9 0.9
0.0 32.5 13.9 0.9
0.0 2230 1445 0.8
Mean 36.0 13,2 0.8
S.E.M, +1.5 +0.5 0.1
73 36,5 1n,.8 0.3
5.9 39.5 12,1 0.6
¥ 5.5 b2,5 12,5 0.9
6.1 30.0 13.5 O.b
53 3245 1k,2 1.0
8.9 2220 4.2 1.0
Mean 3647 13.0 0.7
S.E.M. +1.9 +0.4 +0.1

None of the differenc¢es between groups D and F was statistically
significant, "



TABLE II1,9
The methaemoglobin concentration (measured by cyanide method) and

haemoglobin concentration (measured by methaemoglobin method) of

rats on a diet containing potassium cyanide (38,5 pmole/rat/day)
for three weeks,

Group Substance Methaemoglobin Total
added /100 ml blood haemoglobin
to diet g/100 ml blood
0.8 15.0
0.6 15.3
0.6 15.3
DA None
0.9 14,0
0.5 13.6
0,6 6,0
Mean 0.7 1"05
S.E.M, :0.1 +0.3
0.6 10,9
0.9 14,0
DB Potassium O.h 13.8
cyanide
0.7 13,8
0.8 14,3
0:8 13.0
Mean 0.7 13.~
S.E.M, 0N | 4045

Differences between groups DA and DB were not statistically
significant,



The methaemoglobin content of the blood of rats in groups F
(plus controls) and DB (plus controls) was measured by the carbon
monoxide method and the cyanide wethod respectively (Tables III.8
and J11.9). In both cases, the methaemoglobin content of the rats
on cyanide was found to be similar t those of control groups.

It would appear therefore that methaemoglobin does not
increase in the blood of rats given either a diet containing 2.5 mg
potaseius cyanide per rat per day or drinking water containing KCN
in which sach rat took a mean of 6,5 mg per day.

As ferrohsesoglobin sutoxidizes slowly, and methaemoglobin in
erythroeytes is enzymically reduced to ferrohaemoglobin, a low
steady state concentration of methaemoglobin in normal blood is to
be expected. By chemical means, methaemoglobin can be transformed
in yitre, to the ferric state (Fe’'), This will not complex with
oxygen, tut can bind cyanide to form cyanmethaemoglobin,

Seith (1973) has reported that whem mice were injected
intraperitoneally with scdium thiocyanate, the haemoglobin levels
vere found to be lower, and the methaemoglobin levels higher than
in the blood of control mice, Also, the sum of these pigments vas
lover, by approximately 1l0., than in the blood of comntrol animals,
measured two hours after the injection, He proposed that this 10
might be accounted for by the formation of cyanmethaemoglobin, An
attelpt to repeat this experiment in this laboratory was made by
Cordwell (1975), GShe found no apparent increase in the methaemoglobdn
content of mice injected with thiocyanate compared with controls,
Also the same worker did not observe any difference in the
methascoglobin concentrations of rats fed potassium cyanide (5 mg/
rat/day) in the diet for three weeks and that of control rats,



&4, Discussion

The winimal lethal dose of cyanide taken orally by mouth in
a single dose has been estimated at between 0,5 mg and 3,5 ng per kg
body weight (Chem ot al., 1934b;Gettler and Bain, 193¢; Halstrgm and
Moller, 1945). 1In the work to be described in Chapter IV it vas
observed that rate could survive and grow apparently normally on
a dose of 5 mg of KCN per rat per day (equivalent to 7-16 mg of
cyanide/kg body weight) provided the dose of cyanide was added to
the diet and taken over a period of about 16 hours each day,

Clark (19%6) produced toxic symptoms and then death in ruts
by adninistering KCN in drinking water and in diets, Nonme of these
effects was observed in the experimental rats given 5,3-8,9 mg KCN/rat/
day in drinking water, rather the rats prew well and were perfectly
healthy over the seven weeks period, Possibly, Clark was able to
produce toxic effects mainly because his rats were much younger
especially as it has been observed in this laboratory (Chapter VI)
that kidney rhodanese activily appears to increase with age,

Recovery of potasaium cyanide added to the diet moistened with
wvater was found to be very poor, However, when potassium cyanide
wvas added to the diet mixed with arachis oil instead of water, nmo
significant loss of the added substance occurred, This method will
therefore be useful in the study of the effecta of regular intake of
small amounts of cyanide in the diet,

Chronic ingestion of cyanide is knmown to result in elevated
plasna thiocyanate level as well as leading to inereased excretion
of thiocyanate in the urine (Tewe ot al., 1977; Mehta and MeGimity,
1977). G&ince the rats given potassium cyanide in the diet had an
elevated thiogcyanate concentration in plasma and urine (Chapter VIII)
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compared with control rats, it is clear that the administéred cyanide
was not only stable in the diet but was also taken into the animel
body.

Although potassium cyanide was found to be stable in both
drinking vater and diet (mixed with arachis oil), this substance
will be best administered to experimental rats in the diet, This is
because rats on KCN diet ate adequate amountas of the diet like
controls (Chapter V) while the additiom of KCN to drinking wat r
caused a reduction of water intake in the rats compared with controls,






1. Introduction

Cyanide is notorious among the general public as a very
poisonous substance. As has been mentiomed in Chapter I, it is
ingested by man and animals, and estimates suggest that the amounts
taken in the diet are sometimes considerable, Indeed they seem
larger than the amounts of vitasin A which are known to produce
signs of vitamin A poisoning, It was therefore decided to compare
the toxicity of cyanide and vitamin A when given in the diet of

experimental animals,

1(a) Vitamin A Nomenclature
The Commission on the Nomenclature of Biological Chemkstry of

the International Union of Pure and Applied Chemistry (1960)
advised that vitamin A alcohol, vitamin A esters and vitamin A acid
should be called retinol, retinyl esters and retinoic acid, Since
that time this body (1965) has approved the use of the name
‘retinaldehyde' for vitamin A aldehyde, This terminology will be
used throughout this thesis. The term 'vitamin A' will be sometimes

used in a more general sense to cover all substances with vitamin A
activity,

1(b) The mode of action of vitamin A

Vitamin A 48 required by animale for reproduction and growth
and for normal vision, Its role in the visual process is now largely
understood, but its more general function in msetabolic processes in
the body is still not clear,
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Retinol will satisfy all the known functions of vitamin A in
animals, It will prevent Reratinization of certain epithelial tissues,
changes in bone structure and cerebrospinal fluid pressure, and the
loss of appetite in vitacin A-deficient animals., It will also
maintain normal reproductive performance in male and female animals,
Retinoic acid will replace retinol in all its other functions, but
cannot maintain vision and normal reyroductive performance in animals
because it camnot be converted to retinol or retinaldehyde, It may
be the functional form in growth,

For visicn, the retina requires retinol, which it converts
to retinaldehyde, or more strictly the ll-cis isomer of retinal-
dehyde, which participates in the visual syeteam. The role of
retinaldehyde in vision has been reviewed by wald (1960), Bridgee
(1967) and Ebrey and Honig (1975).

Ue) HEypervitamimosis A

Large oral doges of vitamin A can be toxic, For calves when
more than 3,2 mg retinol per kilogranm live weight wvas fed, cerebroe
spinal fluid pressure was reduced below normal levels (Hazsard et al,,
1964 ), while bone lesions were discermable when 1,33 mg retimol per
kilogram live weight was given, Thus in calves, it appears that bone
lessions are a more sensitive measure of retinol excess (Thompson,
1975). ¥hen much higher doses are given to rats, bones become
resorbed and then fracture,

In young chicks, the mose frogquently observed clinical signe
of hypervitaminosis A include loss of appetite, decreased growth rate,
diarrhoea, encrustation around the mouth, and reddening of the eyelids
(Pudelkiowvics ot al., 1964; Taylor ot al., 1968).

In pigs serum albumin is lowered not only in retinol deficiency
but also when too much retinol is given (Hurt et al., 1966),
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mmotm-rummmnmmunum
documented (Gerber gt al., 1954), The condition gemerally results
from prolonged administration of large quantities of the vitamin
Munwmqntortm-Weommner
excessive amounts of pharmaceutical vitamin preparations in the
belief that this will increase the benefits obtained, In the later
case, young children are especially vulnerable.

In female rats massive doses of vitamin A administered at
early pregnancy caused resorption of foetuses (Cohlan, 1953, 1954).

When retinoic acid was tested for its ability to produce the
characteristic lesions of hypervitasinosis A, it was found that,
compared with retinyl acetate or high potency fish oils, a much
—nuhnorthonidmldpmmmmmmmu-
shorter time (Thompson and pitt, 1960, 1961).

Hypervitaminosis A has been studied on the assumption that the
symptoms observed are exaggerations of its normal mode of action,
Furthermore, work on hypervitaminosis A was stimulated when Fell and
Mellanby (1952) showed that the action of vitamin A on skeletal
mummumtmm through any other organ, for
instance the parathyroid. Using the limb bones from G-day embryos
and near-termefoetal mice grown in tissue culture, they found that
excess vitamin A added to the medium caused rapid resorption of foetal
bone and dissolution of cartilage matrix, accompanied by loss of
metachromatic materials.

Mmuhypothuuh-nbonput forvard to explain the
mechanisnm of the action of large doses of vitamin A on bones,

The intérnal and external surfaces of developing bones are
populated, in normal circumsiances, with either osteoblusts, which lay

um.uumcu-umnmu. Growth of the bone occurs
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by 2 remodelling sequence involving both ercsion and depositiom of
bone brought about by correct organisation of the osteohlasts and
osteoclasts. In one hypothesis put forward by Wolbach (1947) it
wvas sugzested that during hypervitaninosis A the osteoclastic
activity normally involved in the remodelling still occurred tut wvas
accelerated relative to the other processes involved in bone
development, He claimed that in the long bones caleoification of new
bone doesc not keep pace with the accelerated resorption, resulting
in defectively calcified bone which is structurally weak and which
leads to the characteristic fractures seem in hypervitasinocsis A,

In another hypothesis, the action of large doses of vitamin A
on bones is said to be mediated through its action on membranes,
From the experiments of a number of workers (for example,
Dingle, 1961; Fell and Jingle, 1963), it has been found that vitamin A
induces the release of proteolytic enzymes from lysosowes in vitre,
and that the crude protease preparation derived from rat liver
lysosomes effectively degrades the intracellular material of cartilage,
On the basis of this finding, it was concluded that by altering the
composition or stability of the memb-anes of cells and subcellular
particles vitasin A can release enzymes, These entymes are in turan
responsible for the Jegradative changes seen in the matrix of
limbebone rudiments grown in the presence of excess vitasdin A,

The question then was: could these in vitro findings be extended
to the in vivo conditions of hypervitasinosis A? Dingle, Sharman
and Moore (1963, 1960) have reported that free pro.eclytic activity
of rat liver increages in hypervitaminosis A, Similar increases in
free activity during hypervita inosis A have been found in the livers
of guinea-pigs (Weissman, Uhr and ‘homas, 1963), In addition, lyscsomes
isolated from these animals were more fragile when incubated in vitro



at J?’ or subjected to ultraviolet irradiation,

Thus there is a lot of evidence to indicate that the sites of
action of excessive amounts of vitamin A are the lipoprotein
membranes of cells and their organelles. This view is strengtheaed
by the fact tutmlmwbmwmmuuﬂm}m
(Bangham, Uingle and lLuey, 1964; Dingle, 1964),

Hoels et al (1969) have described work on the influence of
vitamin A on the structure of simple lipid model systems which
indicates that the vitamin could affect lipid-protein interactions in
certain areas of biological mesbranes and thus make the membranocs
unstable, .ossible roles for vitamin A in the structure of membranes
have been discussed by lucy (1969), but as yet evidence available to
support such hypothetical models is not great,

From work on e=retinol (cited by rFitt, 1969), it was thought
that hypervitasminosis A may not represent an exaggeration of the
normal mode of action of the vitamin, Jhis was because effects of
excess u~retinol were comparable to those of excess retinol yet
e~retinol, though it could be stored in the liver, did not have growth
promoting activity, This deduction is mov mot acceptable since it
has recently been suggested (Willetts et al., 1976) that the poor
grovwth-promoting activity of ce~retinol is due to its inability to g
complex with "retinol binding Protein", which stabilizes retinol in _
plassa and ensures its release from the liver and subsequent t.nupon" \Q .
to target tissues (Muhilal and Glover, 1975). II ‘

/1

Ads of Ivostigation

The subject of naturally occurring toxicants in food has beén
briefly reviewed by several authore (Tanner and Tanner, 1953; Liener,
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1966; Strong, 1966), Most of the naturally occurring toxic substances
are of plant origin and this has provided immense problems in the
effective utilization of plants as a useful source of dietary protrin.
In spite of this, foods of plant origin still account for 70% of :
the world's supply of protein (Abbott, 1966), :'

The loose terms toxic factor or toxicant are commonly used
vhen referring to those substances found in foods which produce a )
deleterious effect when ingested by man or animals, Toxicologists
frequently assess the toxicity of a substance in terms of its 1.1}50.
that is the dse which causes the death of 50, of the animals tested,
Althoug! there are some plants which are known to produce a violent
expression of poisoning, it is more common to observe much more
subtle effects produced only by prolonged ingestion of a given plant,
Such effects might include an inhibition of growth, liver damage,
pancreatic hypertrophy ete. The term 'toxic', as used in this text,
should therefore be given a more liberal interpretation to wean
nothing more or less than an adverse physiological response produced
in man or animals by a particular food or food substances derived
therefrom,

It must be mentioned however, that the evidence that a
particular food or food substances constitutes a hazard to health of
man is frequently overemphasized, As might be expected, much of the
research relating to the toxicity of foodstuffs has been done with
animals Under these conlditions the animals consume large gquantities
of a particuler plant over a long period of time, a situation quite
foreign to the normal eating pattern of man, Thus a toxic substance,
if present, might produce symptoms of polsoning which might not
otherwise be apparent., If the isolation of the causative factor has

been achieved, its toxicity is frequently evaluated by usiug a



route of administration, such as intraperitoneal or subcutaneous
injection, which is physiologically unrelated to the normal mode of
ingestion,

Cyanide is universally recognized s a toxic subetance, If
members of the public were asked to name half a domen powerful
poisons, it is probable that most would mention cyanide,

In contrast, vitamin 4 would almost certainly be considered a
wholly bemeficial substance, for its toxicity is mot widely known
outside a narrow circle of doctors, nutritionists and biochemists,

The suggestion that vitasdn A might have tho same order of
toxicity as cyanide would be heard with incredulity by most people « |
even, one suspects, by many scientists, A study of the literature
however indicates that vitamin A might be as toxic as cyanide, when
both are takem in a number oi regular amall doses,

The experiments described in this chapter were designed to
test the relative toxicities of vitamin A and cyanide when ingested
regularly in the diet,

Most investigators have evaluated the toxicity of cyanide
present in foodstuffs either by feeding cyanogenic glycosides to
experimental animals or by intraperitoneal or subcutaneous injection
of sodium or potaseium cyanide to animals in smounts equivalent to
those assumed to be preeent in the food (Blakley amd Coop, 1949;
Smith and Foulkes, 1906; Osuntokun, 1970; Van Der Valden and
Kinthaert, 1973; Mehta and MeGinity, 1977), Ite toxicity has been
evaluated here by addition of potassium cyanide to the normal diet,
Estimation of cyanide toxicity by administratiosm of cyanogenic
glycosides to experimental animals way not provide a good index, as
the actual amount o! cyanide abeorbed will depend on the mode of
metabolism of the glycoside , whether it could be converted to free



58

cyanide or not, On the other hand, injection of sodium or potassium
cyanide to experimental animals represents an adainistration which
is physiologically unrelated to the normal mode of ingestion,

50 far as is known, the present experiments are the first
in which potassium cyanide has been administered to experimental
animals mixed into their diet to provide a semi-continuous supply

of known amounts which do mot cause death,

Ixperimental

Twelve male albino rats of the sase age were weaned at three
weeks of age on to a commercial diet, WlB, At five weeks of age
they were transferred to the basal soyabean meal diet (Chapters II
end IIT)., These rats of approximately equal weights were divided
into three groups of four rats each (A, B3, C), Group A rats were
maintained ou soyabean diet plus a supplement of 140 ug (426 n woles)
retinyl acetate per week, as no retinol was precent in the diet
(Chapter II), Group B rats were maintained on the basal diet (soyabean
diet) plus 12,65 mg (38.5 u moles) retinyl acctate per day given
orally (Chapter II) while group C rats were given the basal diet plus
2,5 mg (38,5 u moles) KCN per day, and 140 ug (426 n moles) retinyl
acetate per week, The cyanide was given to the rat by the method
described in Chapter II, The experiment was carried out for three
weeks during which period the daily weights of the animals were
recorded,

This experiment was carried out twice (groups Al and A2, Hl and
B2, Cl and C2), In the first exp-riment (Al, 81, Cl) the retinyl
acetate was aduinistered orally, In the second experiment (A2, B2,
C2) At was mixed in the diet in the same way as the cyanide, In the
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second experiment (A2, B2, C2) the daily KCN dose of 2,5 mg (38,5
p moles) was increased to 5,0 mg (77 umoles),

At the end of three weeks, each rat was anaesthetised with
chloroform, the neck chopped off by means of a guillotine, and blood
collected in a heparinised 50 ml beaker, The blood of rats in each
group was pooled, chilled and a sample used to estimate packed cell
volume and total haemoglobin content (Chapter II), The remaining
blood sample was centrifuged at 1300 g for 10 minutes and plasma
removed by means of a pipette, The vitamin A content of this plasma
vas estimuted as described im Chapter II, The pair of kidneys and
the liver of each rat were dissected out, chilled, minced roughly
with scissors, weighed and the liver divided into two portions,
Ehodanese contents of the kidneys and a portion of the liver were
determined and the results are presented in Chapter VI, while the
remaining portion of the liver was stored at «40° for the estimation

of total vitamin A content (Chapter II),

Results and iscussion

Comparisons were made of the haruful effects of vitamin A
and potassium cyanide when mixed in the diet, as measured by weight
gain in growing rats,

The growth rate of rats on a high level of retinyl acetate

(groups Bl and B2) was found to be significantly lower than that of
econtrol rats in groups A or rats on cyanide in groups C (Table IV,1
and IV,2)., PMost of the rats in group B showed loss of appetite,
a most frequently observed sign of hypervitaminosis A, by the second
week of the experiment, In addition, the deeline in growth rate of
B2 rats became sharper by the end of the second week (Fig,IV,2), No
rat however, showed other signs of hypervitaninosis A, such as



TABLE IV,1
The change in body weight of groups of rats given equal wolar
amounts of cyanide or retinyl acetate,

Group Substance Body weight Body weight Gain in Mean Standard
adminigtered -at start'of at end of weight weight error
-lznv wzﬂ)-t aq(:u;hnt (g) @ain

[ 4

168 235 67
A lone 1% 188 58 7 6
178 52 7%
177 265 85
174 220 b6
Bl Retinyl 177 199 22 L) 6
acetate
(38.5) 176 226 50
154 196 b2
152 37 105
ca Potassium 167 236 69 95 9
cyanide
(38.5) 149 23 104
163 266 103

Statistical significance of differences between groups,
Groups Aand B C,01 < P < 0,02

Band C 0,000<P < 0,005

Aand C 0,05 <P <04



TABLE IV,2
The change in body weight of groups of rate given retinyl acctate
or cyanide of twice the molar amount of retinyl acetate,

Group Substance Body weight Body weight Gain in Nean Standard
adaninistered at start of at end of weight weight error

(pmolea/rat/ experiment experiment gain
day) (g) (g)
138 238 100
A2 None 146 253 107 100 6
157 2m 8k
136 245 109
123 138 15
B2 Retinyl in 176 L b2 9
acctate
(38.5) 154 52
160 216 56
10 2h2 102
c2 Fotassium 154 243 89 1 4
cyanide
(77.0) 123 229 106
170 275 105

Statistical significance of differences between groups
Groups A2 and B2 0,001 < P < 0,005

B2 and C2 0,001 < P < 0,005

A2 and C2 0,90 < P < 0,95



encrustation around the mouth, reddening of the eye lids and
impaired movement, A few rats showed slight signs of diarrhoea,

The average weight change with time for each group for the two
experiments carried out can be seen in Fig,IV,l and IV.,2, All rats
in all groups gained weight during the experimental period, tut the
growth rate of rats in group B was approximately half that of groups
A and C, In the second experiment (B2) the growth rate appeared to
be progressively reduced as dosing progressed., In contrast, giving
potaseium cyanide did not reduce the growth of the rats relative to
that of the control group.

The most characteristic «ffect of hypervitaminoeis A is on
the skeleton, In early experiments high potency fish oils and
vitamin A concentrates were shown to produce bone fragility in rats
(Collazo and Rodrigues, 1933; Bomskov and Seeman, 1933; Davies and
Moore, 1973), It was Moore and vang (1945) who proved conclusively,
using crystalline retinyl acetate, that vitamin A wvas the active
constituent in ceusing these bone lesions, Much of the work on
rarefaction of bones has been done with the rat (Moore and Vang, 1945;
Wolbach, 1947; Thompson mnd Pitt, 1960), but lesions have been
described in other species including guinea-pigs (Wolbach, 1947),
calves (Grey et al., 1965) and chicks (Wolbach and Hegeted, 1952;
Baker ot al., 1967).

Examination of the long bonee (tibia, fibula and humerus) of
the rate in the three groups (A, B and C) did not reveal any damage,
The bones in group B rats were similar to those of controls (group A)
and to those of rats on cyanide (group C) as judged by weight and by
visual inspection,

Analysis o the vitamin A content of the livers showed that,

as wexpected, rats of groups Bl and 52 had large, and in scme cases
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Mymp.m-mmmhbzuwum. There was no
significant difference between the vitamin A content of the livers
of groups Al and C1 or A2 and C2, Administration of cyanide in
muupto'ﬂ.ounluISKKCI)thMmtdhoMth

liver stores of vitamin i (Tables IV,3 and IVl )e

& a) Ml@ofﬂt—ug
Ithmnnunum.dthtvitmnhumhmhth

plassa mainly as retinol, associnted with a trangport protein of
hydrated density greater than 1,21, known as retinol-binding protein
(RBP) (Goodman et al., 1965; Glover, 1973), Knouledge of the level
ofthﬂtﬂincucﬂntmghmwltn-hhwmthth
determination of the nutritional status of a subject wvith respect

to this essential mutrient, Glover (1973) has shown that apo-RBP
(1,0, RE? not complexed with retinol) accumulates in the liver of
rats deficient in retinol and that once retinol is available the
holo=RBP (1.8, K37 complexed with retinol) is formed and released
immediately into the blood stream, Thus retinol appears to be
involved in triggering the release of the holoprotein from the liver,
Furthersore, retinol is stored in the liver mainly as retinyl
palmitate but it is usually liberated into the plasma only as retinol
complexed with R3P, Free retinol is unstable but is greatly
stabilized when complexed with R3P, Thus RSP appears to stabllize
retinol and ensure ite transport to target tissues,

The plasma samples from three groups of rats (A2, B2 and C2)
wvere tested for their vitasin A content by the trifluorocacetic acid
method, While the levels of vitamin A in control rats (group A2)
and cyanide rats (group C2) were normal (30 and 34 pg retincl/100 =l

respectively), that of group B2 rats had a consideradly elevated



TABLE 1V.3

The liver vitamin A content of male rats given cyanide or high doses

of retinyl acetate,

Group Substance Wedght of Vitamin A Vitamin A Mean Ctandard
administered liver expressed as  expresced as error
(ymoles/rat/ (g) mg retinol mg retinol

day) per g liver per liver
10,5 3.0 Ok
Al None 8.~ H? ] 00~ oo. 03
1.9 105.0 iJ
13,6 973 1.3
1.8 507.0 6.0
- 4 Retinyl 9.3 830,0 8.2 132 &2
acetate
(38,5) 1.0 1245.0 1347
10,7 2287.,0 24,7
12,0 1.8 (V5% |
cl Potassium 11,7 5549 0.7 0.6 0,2
(38,5) 1.6 5540 0.6
13,6 60,4 0.8

There was no significant difference in the liver vitamin A
groups Al and C1 (0.4 < P < 0,5),

of




TARLE N"b
The liver vitamin A content of rats given high doses of retinyl

acetate or cyanide of twice the molar amount of retinyl acctate,

Group Substance Veight of Vitamin A Vitamin A Mean Standard

administered liver expressed as exprecsed as error
(ymoles/rat/ (g) mg retinol mg retinol
day) por g liver per liver
121 23.2 03
A2 lone 12,9 22,6 03 1,00 0.6
13,6 208,5 2.8
1‘.2 3?.0 o.~
8.3 h,362,2 36.0
B2 Retinyl 10,0 34306,0 33 2945 8.0
acotate
(38.5) 11,9 34999.2 k2,7
13,3 §Ra,n 6.4
1~.° 3.9 0.~
ce Fotassium 12,6 28,3 O (s 0.0
cyanide
(77.0) 13.3 2h,2 0.3
15.1 3.3 0.5
There was no significant difference in the liver vitamin A of

groups Al and Cl (0,4 < P <0,5).
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level of vitamin A (168 pg retinol equivalents/100 ml, Table IV,5).
Thus while rats on cyanide retained the ability to maintain a normal
level of vitamin A in plasma, those given a high supplement of
retinyl acetate appeared to fail to maintain a normal level of vitamin
A in plasma once the liver storage capacity was exceeded. Presumably,
a high proportion of the retinol in this elevated state, is
circylating in the plasma uncomplexed with RBP and in the ester form
(Mallia et al., 1975). It is tempting to speculate that certain
signs of hypervitaminosis A might be produced by non-specific
interaction of vitamin A with target organs when uncomplexed with RBP,
Most of the signs of hypervitaminosis A presumably develop only after
prolonged exposure of target organe to excessive amcunts of retinyl
esters, as the rats in this experiment showed nc sign of hypervitaminosis
A other than poor appetite and retarded growth,
4(b) Other changes in blood composition

Poumeau-Delille (1943) and Walker, Eylenberg and loore (1947)
recorded a marked reduction in the number of red btlood cells in
hypervitaminotic rats. Baker, Howell and Thompson (1967) however,
did not observe these hoematological findings in their experiments
with hypervitaminotic chicks, The blood from rats given large doses
of retinyl acetate (group B2) was tested for packed cell volume and
total haemoglobin content (Table IV,5). The packed cell volume as
determined by the microhaematoerit method (Chapter II) and the total
haemoglobin content as determined by the cyanmethaemoglobin method
(Chapter I1) did not differ from those of control rats (group A2)
and cyanide rats (group C2), rather the values obtained were within
the normal range., Thus, at this stage of hypervitaminosis A, the
rats did not show any abnormality in either the total packed cell

volume or the total haemoglobin content,
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SAFTR ¥

Introduction
The results in the previous chapter show that vitamin A is

more harmful to growing rats than is cyanide, when mixed in the
diet, As hypervitaminosis D can be produced with doses of vitamin D
lower than those of vitamin A necessary to induce hypervitaminosis A,
one can predict that vitamin D will be very much more toxic than
cyanide., An experiment was designed to test this predictionm,

1(a) Vitamin D Nomenclature
The International Union of Nutritional Sciences (1969) and the

American Institute of Nutrition (1970) have advised that the term
vitanin D be used as the generic déscriptor for all steroids
exhibiting qualiitatively the biological activity of cholecaleciferol,
Thus phrases such as ‘vitamin D activity' and'vitamin D deficiency’
represent preferred usage., These bodies alsc advised thai the terms
‘vitanin Dy ' and ‘vitamin Dy ' be used specifically for
cholecalciferol and ergocalciferol (caleciferol) respectively, This
terminology will be used in this thesis,
1(b) Functions and metabolism of vitamin D

Vitamin D promotes calcification by stimulating elevated levels
of plasma calcium and phosphate to supersaturating levels in the
plasma and extracellular fluid, A deficiency of vitamin D results
in a subnormal level of either plasma calcium or phosphate or both
(Howland and Kramer, 1921; Newman, 1957), It has been demonst!rated



that a major function of vitamin D in causing an elevated calcium
level in plasma is due to its ability to stimulate intestinal caleium
absorption (Howland and Kramer, 1921)., This process is an active
one requiring metabolic energy to transport calcium from the lumen
of intestine to the serosal fluid,

Another important function of vitamin D is to stirulate the
mobilization of calcium from bone, This was first demonstrated
in 1952 by Carlson and was later shown by Harrison et al. (1958)
and Rasmussen et al. (1963) to require the participation of both
vitamin D and parathyroid hormone, This system serves as another
mechanism whereby vitamin D increases serum caleium and phosphorus
concentrations.

In 1941, Harrison and Harrison suggested that vitamin D
increases renal tubular reabsorption of phosphorus, Subsequently,
adequate reasons have been provided to support this view (Holick
and Deluca, 1974), It seems likely that these three basic functions
of vitamin D in intestine, bone and kidney contribute to elevating
plasma calcium and phosphorus concentrations to levels sufficient
for normal mineralization to oceur,

It has been recognized that vitanin D must be converted to
the active form which operates at the genome of the target organ to
induce synthesis of specific proteins, With isotopically labelled
cholecalciferol, it became possible to identify the nature and the
sites of transformation (Norman and Deluca, 1963; Neville and Deluca,
1966; lLund and Deluca, 1966),

Two hydroxylation processes occur on the vitamin D molecule
to convert it to the form participating in calcium translocation,
Both processes are catalyzed by specific hydroxylases, The first
hydroxylation occurs at position 25, and the reaction is catalyzed
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by a microsomal enzyme system that occurs in the liver, The

product of this reaction is 25-hydroxyl cholecalciferol, The second
hydroxylation occurs in the kidney and the reaction is catalyzed

by le-o-hydroxylase. The product of this reaction is 1,25~dihydroxy~
cholecalcifercl, This hydroxylation is sensitive to actinomycin D
and 1s stimulated by parathyrold hormone. 1,25~dihydroxycholecaleiferol
{1,25(0H)eDy ) is £ully effective in initiating both intestinal calzium
traneport and bone calceium mobilization in anephrlc animsls (Holick
et al., 1972; vong, ef al,, 1972 ) Thus, it has been concluded that
1,25{CH )} Dy or its further metabolite is the metabolically active

form of vitaxin D,

Both the Dy-25-hydroxylase and the Dy-1,25-hydroxylace are
subject to some regulation, The 25-hydroxylase is inhibited oy
increasing levels of vitamin Dy {Bhattacharyga and Deluca, 1973),
The ¢nzyme is higheat in vitemin Dedeficlent animals and hence is
probably not induecible, Administration to animals of radiocactive
or nonradicactive vitamin Dy resulte within 3 hrs in & marked
depression of the ZS5-hydroxylase amctivity of liver homogenates and
isolated microsomes, The degres and length of this depression of
@h-hydroxylase activity is related to the dose of the vitamin given,
The larger the dose, the more rapid the reduction in the hydroxylase
activity, the greater the extent, and the greater the length of time
belore the hydroxylase activity recovers,

The realization that 1,25(CH) Dy is a metabolically active
form of the vitamin in both intestine and bone gave birth to the
idea that dletary and serum calcium might repulate its synthesis
(Boyle et al. 1971), Animals given vitaumin D show & marked ability

to adapt to dietar; calcium (Nicolaysen et al., 1953; Rottensten, 1938
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Pairbanks and Mitehell, 1936), Those on a low calcium diet adapt
by shoving a markedly elevated intestinal calcium absorption while
those on a high calcium diet show a markedly reduced efficiemcy of
calcium absorption,
o) Storage of vitemin D

Most of the early studies of tissue distribution of vitamin D
were carried out on animals given a single, usually very large, dome
of the vitamin (Vollmer, 1939; varkany gt al., 1942; Cruickshank gt al.,
1954), Results of such experiments showed vitamin D to be distributed
rather uniforuly among a variety of tissues, In a more recent
experiment (Rosenmstreich et al., 1971), rats with established
vitamin D deficiency were replenished with ''C ring-labeled vitamin Dy
and the tissue levels of radicactivity were measured during repletion
and aleo during a subsequent period of vitamin D deprivation, The
results obtained showed adipose tissue as the main depot of large
capacity which accusulates vitamin D in proportion to its concentration
in plasma and releases it at a much slower rate proportionate to ite
concentration in fat, These features of accusulation and release would
protect against toxicity during short periods of vitamin overdocagoe,
would tend to maintain a relatively stable concentration ia blood
under natural conditions where abeorption and production of the
vitamin could vary significantly and would provide continued
maintenance of vitamin D in plasma for hepatic conversiva to 2<hydroxy-
eholecalcifercl during a relatively prolonged period of low intake,
1(d) Hyperviteninosis D

Exceasive quantities of cholecalciferol or ergocalcifercl
are toxie, large daily doses of either cholecaleifercl or ergoe
caleiferol have been shown to atop or retard growth of rats (Bafn
and lewvis, 19%4; Hartles and Leaver, 1961, 15.2), Pigs given
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2504000 4,u, (6.3 mg) vitanin D per day showed signs of intoxication,
and pathological calcification was found in several organs; however,
there wvas evidence of recovery as the blood content of the vitamin
declined to normal (Quarterman et al., 1964)., In hypervitaminotic
animals, the serum alkaline phosphatase levels fell and the pH of
blood rose to about 7,8 (Follis, 1955).

The chief symptoms of toxicity due to overdosage of vitamin D
are anorexia and polyuria, Caleification of soft tissues, and
particularly of the remal arterioles and the sorta, is obeerved in
advanced stages, Vitamin D overdosage is indicated by a rise in
serum calcium,

Since it has been shown that 25-0HDy , but not Dy, has a direct
effect on mobilization of calcium from bone (Trummel, 1969) it has
been suggosted (Holick and Deluca, 1974) that at least part of the
toxicity due to vitamin D may be due to the elevated levels of
25(0H)Dy found in plasma under conditions of hypervitaminosis D,
Vitamin D toxicity can be experienced in completely nephrectomized
animals (Pavloviteh gt al., 1973) which would suggest that the
1,25(00 3Dy which is made exclusively in the kidney is not necessary
for toxiecity,

2. Design of experiment
Eighteen male rats were weaned at three weeks of age on to

diet W18, At 5 weeks of age, they were transferred to the basal
soysbean meal diet, These rats of approximately equal weights were
divided into three groups of six rats each (GB, HB, I8), Group GB
rats vere maintained on the basal diet., Group HB rats were saintained
on the basal diet plus a dose of 0,20 mg (0,55 ymoles) vitamin Dy
per day given in diet, while group IB rats were given the basal diet
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Mwnuummndn(uo.m). Furthersore, rats
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1likely to overestimate slightly the amount of diet consumed by rats

Large daily doses of either cholecalciferol (vitamin Dy )
or ergocalciferol (vitamin De ) have been shown to retard or even
stop growth of rats (Ham and Lewis, 1934 Hartles and Leaver, 1961,
1962). Indeed, administration of 604000 1.0, (1.5 mg) of vitamin D,
pu'utpormmm-hontoemomthotuuuuhhm

to three weeks (Clark and Basset, 1962). In a preliminary experiment

rats without causing death within a fewweks, it was found that a
massive dose of 14,8 mg (5924000 i.u) of vitamin Ds given to each
rat for only one days resulted in loss of appetite only after about
Mmlwthlthothlltofth.dnndﬂtawmwm.
Finally, only one out of six rats survived the dose.

It is interesting to recall (see Introduction) that vitamin Dy
4s converted to 25(0H)Ds in the liver and that the latter metabolite
is thought to be responsible for toxicity (Blunt et al., 1968).
Since loss of appetite and toxic signs were observed only after about

hﬂmm!dhmmthramnofwmmde.
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vitamin D, dosage. This regulation is overcome howevers by greatly
increasing the dosage of vitamin Dy (Blunt et ales 1968), Possibly,
a.inshmdouofﬂtminm aluwommthougﬂ.lttnnof
25(0H )Ds gormation and hence results in the observed toxic effects
after 48 hours.
3(a) Flasma levels of calcium and inorganic phosphorus

The intestinal absorption of ecalcium and phosphorus is

increased in rate given a moderate overdose of yitamin D, and high

stevart, 1975). Taylor et al. (1968 ) using chicks, agreed that

plasma calcium was increased but found inorganic phosphorus lower

phosphorus were absorbed by the animal, In this investigation,
thnplullotuu given 0455 ]ﬂh'ﬂfﬂmnj porra.tporm
had a significantly nigher calcium concentration than that of either
the control rats or the rats on cyanide (Table Ve2)s On the other
hand, the plasma phosphate concentration appeared. to be slightly
lower in rats on Dy dose but the differences were not significant
(Wp W8 GB, PO= 0.1)e

The Fiske and Subbarow molybdate method used to estimate
phosphate was found to give & more intense colour in the presence of
trichloroacetic acid (in the estimation of plasma phosphate, proteins
are first precipitated with trichloroacetic acid), To avoid over=
estimation, trichloroacetic acid was added to standard phosphate
solutions in the same concentration as was present in plasma supernatants
(Chapter II).

Rats on small daily doses of cyanide in the diet showed levels



TABLE V,2
The plasma calcium and inorganiec phosphorus concentrations of

groups of rats given cyanide (77 umoles/rat/day) or vitamin D,
(0,55 pmoles/rat/day).

Group Substance Flasma Mean + Plasma Mean +
added to  calcium S.E.,M;  inorganic S.E.M;
diet mg/100 ml phosphate
mng/100 ml
10,5 3.1
13.0 2.8
11.2 3.0
GB  None 9.0 104620.6 2.3 2,8+0.2
903 -
10.5 -
12,5 2,2
13.8 2.3
HB Vitamin Dy  2°%0 13,8 40,3 2.0 2.3+0,2
14,5 - 2.8 -
14,2 -
14,2 o
11,0 ' 3.2
12,3 2,2
1.8 2.9
18 somtc:.m 11,5 11e320.3 2.2 2.640.2
10,5 2.1
10,5 3.1

"." means not deternined,

Plasma Ca®’ concentrationswere statistically significantly higher in
group HB than in groups GB or IB (P<0,001), Differences ia plasma
pacephate concentrations were not statistically significant,



of calcium and phosphorus in plasma not significantly different from
those of control rats (Table V,2).
5(b) Kidney histology

It has been established that the principal pathological
changes attributable to excessive doses of vitamin D in man or animals
vere in the form of atmormal deposits of calecium in many organs and
tissues (Bauer and Freyberg, 1946; Christensen et al., 1951; Hass,
1956), The extent and distribution of abnormal deposits of caleium
in tissues vary with the duration and severity of the disecase
and are less conspicuous in the kidney than in the aorta, Clark and
Bassett.(1962) observed extensive cortical caleification in kidneys
of rats (weighing 150 g each) dosed with 1,5 mg (60,000 i,u) vitamin
D; per rat per day, Furthermore, rats given 0,45 mg (18,000 i,u.)
of Dy had greater deposition of calcium in the medulla than the
cortex, A similar observation has been made by Hass et al, (1958),
Clark and Bassett (1962) suggested that in rats given 0,45 ng
(18,000 i,u) of vitamin Dy, the rate of bome resorption must have
been less and consequently the proximal tubules of the kidney were
not affected severely, They pointed out that since the collecting
tubules of the kidney were responsible for reabsorption of water, it
is not unreasonable to expect that the solubility products of caleium
and phosphate salts might be exceeded, and hence these structurcs
would become caleified at the lower dose of vitamin D,

Clark (1936) claimed a number of histological changes in
livers and kidneys of rats associated with chronic cyanide ingestion,
He claimed that with small doses, on which the general health of the
animal is not affected, the earlier sign is vacuolation, probably
fatty, of the hepatic cells in the periphery of the lobules, This
spreads until the condition is gemeral throughout the lobules, The
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mwmmmsuudnamummwmumml

dtructure in places. He also claimed that the kidneys showed some

while there was fatty degeneration in the epithelium of the
secretory tubules, with some degeneration of the nuclei.

Ballantyne et al. (1972) on the other hand have shown that
most rabbits killed by acute cyanide poisoning do not present any
specific nistological features. They observed howevers, subpleural
naemorrhages in the lungs of a few rabbits killed by ajection of
KCN or HCN. m1wndothororgms trontho-jorityot the
rabbits appeared normal .

The differences in the gindings of Clark and those of
Ballantyne _._'_c_g. may be species differences or may be due to the
gact that the former studied animals on pmuuod-nllmnof
umiummmtmu.mumonmdmwkmuw.
gingle muscular injection of a large dose of cyanide,

Histological examination of 12 kidneys from six rats on a diet
containing cyanide (77 ymoles/rat/dayy EFOUP 18) was carried out
after staining by the haematoxylin/eosin and the Von Kossa techniques.
The kidneys of rats on & nigh level of vitamin D (0,55 ymoles/rat/days

group HB) and those of control rats (group GB)y stained similarlys

results in several plthohglulcmot the kidney tissue (see
ummmum:cwm). The kidneys of three rats in group HB
showed pathological deposition of calcium salts in the medulla, but
the deposits were not extensive (Plate Vell There was also only
nmtunrﬂu-mnofuaamodhmmmm

deposits occurred, This clearly shows that the vitamin D overdosage
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was not very advanced (Clark and Bassety 1962), The kidneys of rats
on cyanide (group IB) on the other hand showed no pathological
changes and were normal like those of control rats (Plates V,2 and
V.3). The only tissue where serious pathological changes associated
wvith chronic cyanide ingestion have been established is nervous
tissue, FHere, repeated small doses of cyanide cause a demyelinization
in the central nervous system in rats and monkeys (Baumeister et al.,
1975). Chronic cyanide intoxication is now known to be responsible
for a number of disorders in the eye and nervous tissues (Chapter I),
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rhodane rat

1, Introduction

In Chapters IV and V, it was observed that death did not
occur when an otherwise lethal dose of cyanide vas taken by rats
wnnmlu;cdpcﬂndothonﬂtnmclht. This is because,
given time, the animals were able to convert cyanide, mainly, to
relatively non-toxic thiocyanate, by means of the action of rhodanese
enzyme in tissues, It was therefore of interest to determine the
rhodanese content of rat tissues.

Iron (III) ions react with thiocyanate ions in acid solution
to yield a red colour, This reaction has been used extensively
for the estimation of rhodanese activity in tissues by photometric
measurement of the thiocyanate formed from cyanide by the enzyme
(Lang, 1933a; Himwich and Saunders, 1948; Sorbo, 1953). With
thiosulphate as sulphur donor, the procedure has been adopted as a
spot test for locating rhodanese in effluent fractions from column
chromatography, and for locating the enzyme on electrophoresis strips
(Vestley, 1973). The basic method has some problems and it has been
undergoing modifications in order to make it quantitative. One of
the problems resulted from the fact that excess thiosulphate is
decomposed by acid in the ferric reagent, precipitating sulphur,
Rosenthal et al. (1950) circumvented this by the addition of formal-
dehyde after stopping the reaction, In addition ferric ions form a
blue coloured complex with thiosulphate and Sorbo (1953) avoided this
difficulty by terminating rhodanese-catalysed reactions with
formaldehyde which inactivates the enzyme and at the same time prevents
formation of the blue ferric-thiosulphate complex and removes excess
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cyanide, When organic thiosulphates are used as donor substrates,
the ferric thiocyanate colour fades rapidly in a photocatalysed
reaction, Mintel and Westley (1966 ) found that this effect can be
prevented by addition of inorganic thiosulphate to reaction mixtures
after the forualdehyde but before the ferric reagent,

1(a) Distribution of rhodanese in tissues

Lang (1933a; 1933b) described an enzyme that in the presence
of a suitable sulphur donor was able to convert cyanide to
thiocyanate, Mmmwuchmmdrhm“muupm
(Sorbo, 19513 1953) and the primary, secondary and tertiary structure
characterized (Ploegman et al., 1978).

Several tissues of a variety of animals have been tested for
rhodanese activity. Dang (193%a) found rhodanese activity in all
tissues of a dog except blood and muscle, being highest in adrenals
and 1iver. In the liver of other animals, the activity vas highest
in frogs followed by rabbits and cattle, Human beings, chickens,
cats and dogs had lower levels,

mthrwrkdthmi.lrhodmummdouththhh
19408 after the publication of the assay procedure of Cosby and
Summer (1945). Himwich and Saunders (1948) and Benard et al. (1948,
1949 ) undertook studies on the distribution of rhodanese in mammalian
tissues, The results of the two mup.ofnﬂsnmnin.ml
agreement with Lang's earlier findings of rhodanese ubiquity, but
great species to species and organ to organ variability was evident,
Muscle, stomach, intestine and vlood of most species were reported to
have rhodanese activity.

Subsequent studies on the distribution of animal rhodanese
activity have included Rosenthal's (1955 ) finding that hepatomas

contain only about 20% as much as normal liver or half the level of



regenerating liver of protein-depleted rats. Coltorti and Giusti
(1956 ) have reported on the rhodanese activity of the erythrocyte.
In contrast to Lang's result, they claimed that red blood cells
have about 2% as much activity as liver, Since the activity
decreases steadily on dialysis of the haemolysate, however, there
mhmuhmwmmrthc-nllthhomh formation
observed resulted from genuine rhodanese activity in this case,

Most recently, Schievelbein et al. (1969) determined the
rhodanese content of various tissues of a broad phylogenetic span of
species, Whereas most land animals had this activity in liver and
um.m-mmmwm.mmmunmm.

There are disturbing features of these reports; for example, a
potential source declared free of rhodanese (blood) in one publication
(lang, 1933%a) is later the subject of a paper on its rhodanese
activity (Coltorti and Giusti, 1956). Westley (1973) has suggested
tbtpntofthhﬂmcyhmhﬂythmﬂtofrﬂmm
variability; much of it however, may relate to the extreme sensitivity
of the thiocyanate-based assay methods and the ubiquitous eccurrence
of non-specific catalysts for the thiosulphate-cyanide reaction,

2. Experimental procedure

The experimental method used to assay rhodanese activity is
that described by Himwich and Seunders (1948), In a preliminary study
of this assay method, it was observed that a high concentration of
thiocyanate is formed by a non-enzymic reaction of thiosulphate with
cyanide, Furthermore, the colour of the iron-thiocyanate complex formed
was usually too intense with amounts greater than a few micrograms,
Himwich and Saunders (1948 ) eircumvented the later problem by diluting



tissue homogenates with a high level of activity to a suitable
concentraticn before assay. However, blanks and calibration curves
mdbyddushonmmuo!thinmutomulmuum
in the absence of cyanide (Bimvich and Saunders, 1948) do not
correct for the non-enzymic synthesis of thiocyanate from KCN and
thiosulphate in the enzyme assay. In order to minimize interference
m-thomn-mmcrmtionmdntm-notimwmctmuh
a blank, 1tmum11:anunrytomidnmyhvmm
concentration, so that the enzymatic synthesis will be detectably
higher than the inevitable non-enzymic formation of thiocyanate from
cyanide and thiosulphate. The ferric thiocyanate colour obtained
under such condition normally required further dilution before its
absorbance could be read,

pilution of the red-coloured ferric thiocyanate solution with
water usually resulted in an unstable colour, possibly due to the
following reaction:

Fe'* + 30 _° Pe (CH) + 3"

The rate of decay of the ferric thiocyanate colour when diluted with
water (1 == 20) is shown in Fig,l. When the ferric thiocyanate
colour was diluted not with water but with ferric nitrate reagent
(ferric nitrate in nitric acid, see earlier), the resulting diluted
solution was found to be stable for up to one hour (Fig.V1.1); but
it decays rapidly on further standing, It must be mentioned however,
thdmymﬂdmmmloutmlhdthpwwh
light, The standard curve for the determination of thiocyanate (in
the presence of the other components of the rhodanese assay system)
in which the final dilution was made with the ferric nitrate reageat
4s shown in Fig.,VI,2, Beer's law is perfectly obeyed over the

concentration range employed (0,02 ymoles to 0,18 umoles of thiocyanate



FIGURE VT,

The rate of decay of ferric thiocyanate colour on dilution with

water or ferric nitrate reagent (mean + 5.0, n=4), The ferric
thiocyanate colour was developed in the presence of other components
of the rhodanese assay system; total amount of SCN~ in each system was
150 ymoles; absorbance was measured in a lem cell in each case

(0-0, dilution with ferric nitrate reagent giving a final conc, of
0,06 pmoles/ml: e-e, dilution with water giving a final conc, of

0,20 ymolps/ml ).

Absorbance at 460 nm
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per ml final dilution mixture, even when dilutions as high as 50
times were made,

All available evidence indicates that interaction between Fe’*
and SCN~ consists of the following series of equilibria (Lewin and
Wagner, 1953):

Fe’* 4+ sON° b Fesoi*’

resc®t 4+ son” ——> Felscn 5"

re(sci 't + san” == Fe(sci)

Fe(SCN)y + SCN™ g———p Fe(SCN )
Fe(SCN) ™ + 8CN~ g———p Fe(sCN)S'"

ro(sca),"' + scN” y —— 4 ro(scn)s -

Thus more than one product can be formed when thiocyanate reacts
with ferric ion, depending upon the thiocyanate concentration, From
the work of Van Valkenburgh and Schlesinger (1931), Von Kiss, Abraham
and Hegedus (1940) showed that with excess SCN~ the principal absorbing
species is Fe(SCN), “ but that the molecule Fe(SCN), predominates in
the absence of excese SCN~, When Fe!* is in excess, the only abeorbing
species is FeSCN'' (Bent and French, 1941; Edmonds and Biranbaum, 1941),
Dilutions of strongly coloured solution with ferric nitrate reagent
most probably contain essentislly FeSCN'® ions, which are stable in
acid solution, The actual procedure developed which allowed for
the above mentioned problems is given below,

The rhodanese activity was assayed by the method of Himwich
and Saunders (1948) with modification, Activity was expressed in
terms of ymoles thiocyanate produced from cyanide per gram protein in
tissue or per gran wet weight of tissue,

The rats were killed by a blow at the back of the neck (when
blood samples were required, the; were killed by first anaesthetizing
with chloroform and then chopping off their heads in a guillotine),



Tissues were romoved from animals as rapidly as possible and
homogenates prepared in distilled water (10 ml of water per gram of
tissue), The homogenates were filtered through two thicknesses of
cheese cloth and stored in a cold room at about 4°,

The enzyme was assayed in a 35 ml test tube with the following
test systems: 3,7 ml 0,2M phosphate buffer, pH 7.4 (prepared by
mixing 40,5 ml 0.2¥ NagHPO, with 9.5 ml 0.,2M Nai, PQ, ), 2 ml 2,1M
sodium thiosulphate, 0,05-0,3 ml tissue homogenate (boiled in case of
blank) and 2 ml 0.7M KCliy all in a total volume of 10 ml (the
difference being made up with distilled water), The reaction was
usually started by the addition of the KCN solution, The test
system then contained: sodium thiosulphate, O,42M, phosphate 0,074M
and cyanide, 0,14M, The enzyme activity was stopped after 15 minutes
at 37,5° by adding 0,5 ml formaldehyde solution (385 g/1 vater, Sorbo
1953 ), whereupon 10 ml of ferric nitrate reagent (containing 100 g
Fe(NOy )y «9He Oy 200 ml HNOy 4 5.G,1,40, and distilled water to 1000 ml)
was added, The reaction mixture was then diluted to 25 ml with
distilled water, shaken, centrifuged and the absorbance at 460 nm in
a 1 co cuvette measured in the SP600 spectrophotometer after appropriate
dilution (see below).

Thiocyanate was deter-ined by means of a standard curve
prepared by adding a known amount of thiocyanate to the assay system
in the presence of cyanide but in the absence of enzyme (Fig,VI.2).
The thiocyanate solution was standardized argentometrically,

Since the colour of the iron-thiocyanate complex was too
intense with amounts greater than a few micrograms, it was necessary
to dilute with ferric nitrate reagent. The validity of such dilutions
has been discussed earlier,
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It oust be emphasised that several of the solutions and reagents
used in the assay are chomically unstable, and hence the following
precautions are recommended in order to ensure accuracy of results:

(1) The sodium thiosulphate solution must be stored in a dark

reagent bottle at 4° as it forms colloidal sulphur and sulphonic acid
under the influence of proton catalysis,

(2) The ferric nitrate reagent should alsc be stored in a dark
reagent bottle as it decomposes, by an unknown mechanisam, in the light,
{3) To ensure ostabllity of the ferrlc thioc ;anate colour formed,

the ameay tube should be exposed to as little light as possible,

3. Results

3{a) Protein content

The protein content of homopgenlzed kidney and liver was
ectimated by the Lowry methed (based on the Folin colour reaction,
Chapter II)., Iowry et al. (1951 7 have shown that their method when
used on whole tispues will be in error by about % to 6 percent,
Tables VI,l and VI.2 glve the protein content of kidney and liver
(respectively) as determined by the colour reactlon of Lowry et al,
(1951), _

The levels of protein in the kidney did not show any marked
difference betwesn treatment means (Table VI,1), The mean protein
concentration of the livers from control rats was however, slightly
lower than that of rats on vitamin Iy or potassium cyanide, This
difference was not howaver, statistically significant (P 2 C,05),

On the whole, the figures obtained for the mean protein
goncentrations of the kidneys or the livers were lower than those
repoxrted by other workers for rat tlssues, The tissue homogenates

used for protein estimation (by the lowry method) were Atored for a



TABLE VI
Protein concentration of kidneys of groups of male rats given

potassium cyanide (77 ymoles/rat/day) or vitamin Dy (0,55 umoles/rat/
day) in the diet,

Group  Substance Weight of % Protein based  Mean 4 5.E.M.
added kidney on Lowry et al.
to diet (g) Colour
1,64 10.0
2,05 9.0
68 None 1.75 8.6 10.941.0
2,24 10,7
2,30 11,7
1.54 15.3
1.30 9.2
1.76 10,6
HB Vitamin D, 1.83 10,4 10,740, 4
1.80 11,7
1.45 1.3
1,70 10,7
1,74 10,6
2,78 9.7
IB Fotassium 1.7% 11,7 11.1:0.#
cyanide
1.70 121
2,05 1n.6
1.90 10.7

None of the differences in protein concentration between groups were
statistically significant (P>0,4),



TABLE VI,2
Protein concentration of livers of groups of rats given potassium
cyanide (77 ymoles/rat/day) or vitamin Dy (0.55 pmoles/rat/day) in
the diet,

Group  Substance Weight of % Protein based Mean + S,E.M,

added 1 ver on lowry et al, -
to dlet (g) Colour
8.76 15.7
12,28 16,6
GB None 12,28 15.5 16.140,6
13.37 15.0
12,67 15.0
8.91 18,0
6.2 16,3
9,04 17.5
HB Vitamin Dy 7.87 17.3 17.540.4
.74 18.5
6.10 1648
6.77 18,4
10,08 17.2
14,34 15.6
I8 Potassium 10.17 18.2 17.54+0,4
cyanide
9.14 18,0
11.90 16.9
10,37 18.3

None of the differences between groups in protein concentration
were stastically significant (P>0,05).
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period of about three weeks at 4°, Storage of kidney homogenates at
such temperature and for such length of time was found to give a
reduction of colour by between 20 and 304, Thus the lower levels
of protein found in kidngys and livers (particularly the kidney)
wight be a result of the storage conditions, It was hoped however
that the results obtained would be useful for comparative purposes
since tissues of all groups were stored under the same OOBditiﬂ;l
and for the same length of time,

3(b) Rhodanese sctivity

The improved method (described in this Chapter) was used to
estimate the rhodaneee activity in the liver, kidney, blood, muscle,
stomach and small intestine of the following groups of male rats:
utsonaeh.ronicdouo!cyn:ldcmdrnumhrg-duuofdw
A or D (Chapters IV and V),

In all the groups of rats studied, the stomach, small intestine,
blood and muscle did not show any detectable rhodanese activity.
Thus, either these tissues are devoid of rhodanese activity, or the
level of activity present was not detectable by the assay method
employed, Himwich and Saunders (1948) reported low levels of
rhodanese activity in the blood, muscle and intestine of a number of
animal species, Their finding should be viewed with caution since
their assay system for the preparation of a standard curve (and
possibly blank) for thiocysnate estimation, did not contain KON, and
hence did not correct for the considerable amount of thiocyanate that
is formed by nonenzymic reaction between KCN and thiosulphate in the
assay tube. As has been pointed out earlier in this chapter, the
procedure used here was modified and shown to correct for such errors,

The discrepancies that exist in the published reports on both tissue



and species distribution of rhodanese (Westley, 1973) may be due
(nthutmmt)huﬂmhmtmmmumm
of the thiosulphate-cyanide reaction,
mnmudmuhoxmhomtomuhhrﬁmmtﬁ
of rhodanese enzyme (Himvich and Saunders, 1948), The rhodansse \
activity of livers and kidneys of rats on cyanide and vitamins A 'qkn
D are given in Tables VI, 3, VI,4 and VI,5, The rats on cyanide did
not show a level of rhodanese activity significantly different from \
that of control rats in either the liver or the kidney, This
indicates that dosing rats with cyanide up to the concentration of
77 ymoles per rat per day, did not affect the turnoder rate of this
detoxicating enzyme, This is in agreement with the report of Tewe
et al. (1977) who demonstrated that rats on a diet based on cassava
(which contains cyanide as cyanogenic glycoside) maintained a level
of rhodanese enzyme similar to that of control rats,

Although rats on high doses of vitamin A were very severely
affected, their liver concentration of rhodanese on a tissue wet
weight basis was not different from the liver concentrations in
control rats or those given cyanide (Table VI,3), If was unfortunate
that the protein content of the liver homogenates was not determined
in this experiment, for in the later experiment in which rats were
given high doses of vitamin D, an odd feature was observed, The
liver rhodanese concentration, expressed on a tissue vet weight basis,
was not different in rats given high doses of vitamin D compared with
eontrols or rats given cyanide (P2 0,8), When, however, rhodanese
activity was expressed relative to protein, there was a significant
lowering of activity in the vitamin D group relative to controls and
rats given cyanide (P<0,025, Table YI,4), The concentration of



TABLE V1,3
Rhodanese activity of livers of groups of rats given potassium
cyanide (77 umoles/rat/day) or vitamin A (38,5 umoles/rat/day) in
the diet,

Group Substance  pmoles SCN© Mean + M moles SCN™ Mean +
added to  formed per S,E.M,  formed per S.E.M;
diet g liver liver per min,
per min,
558 6.74
A2 flone 540 492433 6.9k 6465
hho 6.04
6.87
498 b,11
B2 Retinyl 510 488410 5.10 527
acetate
b66 5453
b7k 635
496 6.95
c2 Fotassium 560 k91427 7.08 6.66
cyanide
475 6.32
k23 6.52

There was no significant difference .etween groups (P>0,8) in

rhodanese activity expressed in terms of tissue level weight,



TABLE VI&

Rhodanese activity of livers of groups of rats given potassium cyanide (77.0 pmoles/rat/day)

or vitamin Dy (0,55 wmoles/rat/day).
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rhodanese in the kidneys of rats on high doses of vitamin D was
significantly lower than in controls or rats given cyanide whether
calculated on a wet weight (P<0,02) or protein (P<0,05) basis,

. Discussion
The activity of the enzywe mdnqu is affected by several

factors m1m¢muuozwor?,wmummu
(Saunders and Nimwich, 1950; Dinan, 1976), In general, there is a
mmnmmmuuquthpmm-wnb'mm
is more merked iz a highly diluted homogenate (Saunders end Himwieh,
1950), Saunders and Himeich (1950) found thet the instability of
greatly diluted homogenates could be prevented by the addition of
thiosulphate or cysteine,

Furthermore, it has been shown in the rat kidnays that the
activity ofmmdmmpﬂmthu-wnmtu‘m with age
(Holeroft, 1977), However, when the liver was examigzed under similar
conditions 1t failed to exhiddt any significant variation in activity,

In view of the above observations and the uu.qquu occurrence
of nonespecific catalysts for the thhmphh-omun. reaction, it
1s eloar that comparison of the levels of rhodanese activity reported
by different investigators under varying conditions will be difficult,
Hovever, in the cases where tissue levels of this enzyme were obtained
for groups of animals of the same age under the same experinmental
conditions (as reported here) useful comparisons are possible,

In a nuwber of animal species, including the rat, rhodanese
activity has been demonstrated in alwost every tissue (Mendel st als
1946 Himwich and Saunders, 1948), Unlike the fiadings of these
workers, rhodanese activity could nvt be demonstrated in the muscle,
-m.mm—nnmmumutwmm-n*d

\
i



already described, The probable reasons for the discrepancy
have been presented,
mwmmum(um)ormwa
uumumpummmuumrmwmm
oteyuidn.uwdb:ihnuﬂcmmioutomxmh.
mmm-gmmu(mmuununmupm.
tormnplc)mwuuofeymhmmnmmmxoft
utmmm:rmmtom«mumm. The rat
unrmn.lpmdoMIﬁ!'oynihmmnﬂh
pnuotld.anp(wtl.ﬁp)oftln-mnt.u.?ﬂp‘fdl!. Thus
the total catalytic capacity for the detoxification of cyanide is
wﬂxhomot&ntuﬁ“ﬁtﬁmﬂwﬂdmmﬂ:mth
encounter by way of dietary intake of cyanide, It is not clear why
Mmtnw.l'nhoﬂdoﬁlt.httthnhmmnhdthﬁ
in 1ﬂ.thormt1mmhnlthdbyomrfummm
availability of sulphur donors (Fimwich and Saunders, 1948), This
umrmwmrwzmummuwuum

wmmsou-nhumumm(ﬂhugg..msh).
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GHAPTER VII

vitro tr ormation of ¢ de

in rat plasma

1. troduction

It has been observed in animals poisoned with cyanide, that
delays in removing tissues, or in their chemical analysis, may
result in low recoveries, because of binding or transformation of
cyanide (Curry, 1963). Fore recently Ballantyne et al. (1973) have
measured the rate at which decreases in measurable cyanide occur in
rabbit whole blood, serum and urine to which cyanide was added
in yitro. They observed that when potassium cyanide was added to
human or rabbit serum, the amount recoverahble decreased rapidly with
time. Using whole blood, the rate of disappearance of added cyanide
was less marked than with serum; this was confirmed in whole blood
removed from cyanide-poisoned animals, losses of cyanide as hydrogen
cyanide by simple evaporation were probably minimal because of the
pH of serum and since stoppered vessels were used, This suggestion
is supported by the finding of very small decreases in measurable
cyanide in phosphate buffers (Ballantyne et al., 1973; Pettigrew
and Fell, 1972), The possible reasons suggested by Ballantyne et al,
(1973) for the decreases in measurable cyanide include slow conversion
to ammonium formate and aminomalonitrile (Guatelli, 1964; Joanid and
Bors, 19613 Oke, 1969), Pettigrew and Fell (1972) have also shown
that cyanide added to plasma in vitro is only briefly stable at room
temperature,

Following injection of '*CN to rats, Boxer and Rickards (1952)

have shown that cyanide (and thiocyanate) carbon is converted in vivo



to carbon dioxide in the rat, Although the mechanism of COy
formation from cyanide is not known, Boxer and Rickards (1952)
suggested that COy formation might result from the hydrolysis of
cyanate, since Ellinger and Lenzberg (1926 ) claimed that muscle
brei oxidized cyanide to cyamate., To date, no work has been
reported confirming cyanate as source of COy following cyanide
administration to animals,

Chung and Yood (1971) have shown that thiocyanate reacts with
bovine haemoglobin in y_i_t..gg. in the presence of hydrogen peroxide
to yield sulphate and cyanide. No other substance catalyzing this
reaction was found in haemolysates of bovine blood, MNoreever,
oxyhaemoglobin was a more active catalyst than methaemoglobin but
was rapidly converted to the latter in the incubation system, The
mechanism of oxidation of thiocyanate by hydrogen peroxide has been
given by Chung and YWeod (1970, 1971):

SCN™ 4 HeOp ~———p OSCN~ + HO0 (1)

OSCN™ 4 HeOp ~=———=—p QOSCN~ + HeO (2)
OOSCN™ + HeOp ~—p OO0OSCN™ + HeO0  (3)
O00SCN™ 4 HpQ ~=——em—p HSO, + HON  (h)
The sum of the reaction steps is thus given by:
3HaOp + SCN™ wmm—meep HSQ,~ 4 HON + 26,0 (5)
The cyanide produced from thiocyanate was converted to cyanate by a
non-enzymic reaction:
OOSCN™ 4 HeOp =~——b HSOy + HOSCN (6)
HOSCN 4 HCN =—=p HOCN + HSCN (7)
The latter reaction may involve the intermediate formation of sulphur
dicyanide:
HOSCN + HCN w=——p S(CN)y + HaO (%)
Sulphur dicyanide rapidly hydrolyses to cyanate and SCN™

S(CN) + HeQ ==———p HOCN + HSCN (9)
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If the above pathway is responsible for the formation of cyanate
in the intact animal, then hydrolysis of cyanate would yield carbon
dioxide, However, it seems unlikely that hydrogen peroxide exists
in vivo in animal blood in concentrations similar to those used to
demonstrate the reaction in vitro., lMoreover, it is only in the mouse
that methaemoglobin has been reported to increase following
administration of thiocyanate (Smith, 1973),

The results obtained from a study of the transformation of
cyanide added to rat serum or plasma in vitro are presented in this
chapter, The results are compared with those obtained by Ballantyne
et al. (1973) for rabbit serum, -

2, Experimental procedure
Blood was obtained from rats by first anaesthetising them

with chloroform and chopping off their heads in a guillotine, BElood
wvas allowed to run into a chilled 50 ml beaker, transferred to
centrifuge tubes and centrifuged at 3,000 g for 10 minutes to obtain
serum, Plasma was obtained in a similar way except that heparin was
added to the collecting beaker,

To 5 ml serum in a test tube was added 0,1 ml of an agueous
solution containing 0,255 umoles KCN, The tube was stoppered with a
rubber bung, incubated at 25° and sampled periodically (5 min, 30 min,
1hry 2 hr, 3 hr, & hr) for measurement of cyanide and thiocyanate
content. One ml of the mixture was transferred to an aeration vessel
and the separation and quantitative determination of cyanidd and
thiocyanate was carried out as already described in Chapter I1I.

The transformation of cyanide in serum was also studied using
Na''CN and the experimental procedure in this case is presented under

results with Na'‘*CN.



3(a) Besults with potassius cyanide
The in vitro rate of transformation of cyanide added to serum

is shown in Fig,VII{l and Table VII,1, MNeasurements of thiocyanate
content and cyanide content were made on all samples of serum before
addition of cyanicde so that absolute changes were calculated, No
cyanide could be detected in normal serum by the assay method employed,
and hence the level present must be insignificant compared with the
concentration of cyanide added, or recovered after the addition of
cyanide, The thiocyanate concentrations measured in all serum samples
before addition of potassium cyanide are given in Table VII,2,

One hour after the addition of potassium cyanide to rat serum,
a mean of 46X was still present as measurable cyanide, Of the
0,028 ymoles/ml of non recoverable cyanide in rat serum at one hour,
only 0,011 umoles/ml (394) could be accounted for as thiocyanate,

The rate of decrease of measurable cnnida_'m less marked after one
hour, Thus four hours after addition of potassium cyanide to serum,
measurable cyanide was still as high as 42! (compared with 46y at

1 hour), Furthermore the thiocyanate formed at four hours did not
show further increcase, rather it showed a slight decrease, accounting
for 32¢ of the non-recoverable cyanide,

When rat plasma was used in place of the serum, it was observed
that transformation in the former occurs in a similar manner as that
reported here for the serum,

As a control, potaseium cyanide was added to 0,2M phosphate
buffer pi 7.0 to give a final concentration of 0,051 pmoles/ml in the
mixture, The mixture was incubated at 25° and sampled periodically
for measurement of cyanide content in the same manner as that described
for the serum (see earlier), No detectable changes in measurable
cyanide occurred in the phosphate buffer for the period of four hours
studied (Table VII,3 and Fig., VII.2).



FIGURE VII,1

The rate of decrcase in concentration of measurable cyanide and

appearance of thiocyanate in rat blood serum,
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TABLE V11,1

Decresces in messuradle cysnide lovels and increase in reasurahle

thiooyonate in rat nlﬂil. {menn : eFeMes N = &),

Bocaverable CN and messure>le SCN- with time

;. Smn, 0512 1h 2h 3h LD

Recovarable N~ . Co
n molea/ml . : ‘l0.0 32.0 2".0 2140 230 22,0
» mles/el " SM %O 10 1286 10.0 9.0
T o e L0 07 b 1,2

. . ‘.E'HO

" ® pean concentration of xen added pﬂ“ﬂ-m was 51 n moles + 1 {5.E.M)

s _J"."’:- .



Thiocyanate concentration

TANLE VI1.2
in normal rat' serum,

£oEiaM,

o, of samples

Thiocyanate concentration

as jmoles/100 ml as pg/100 ml
0,90 5242
0,8 = 1,2 N - “06
(7% § 2.9
e 8

8remale rats were used,



TADLE VII
Moasurable cyanide levels in 0,2M phosphate buffer at pl 7.0 on

standing at room temperature,

period of a moles of CN~ recovered
incubation at 25° maan 4 S.EMey n @ 7

0 min 51,1 + 0.4
6 min 51.7 + 1.0
12 min 51.0 # 0.7
30 min Sl.4 + 0.3
lh 51.8 + 0.6
2n 52,1 # 0.7
>h 505 # 1.1
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FIGURE VII,2
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3(b) Hesults with Na'*CN
A study of the transformation of cyanide in normal and

heat-treated sera was carried out with Na'*CN, The radicactive
cyanide was purified just before use by the method already described
in Chapter II, Denaturation of the serum was accomplished by heating
tormlimui.nnhoﬂmnmhth.

0.1 ml Na'*CN solution (0,052 wmoles/O.1 ml), activity 28,449
dppcrO.lal.maddodtolﬂummdthomtmmtmuuM
for a period of 1 hr at 25°, At the end of 1 hr, the activity in
the serum was separated into the following fractions: (1) CYANIDE
FRACTION, (2) THIOCYANATE FRACTION, (3) CARBON DIOXIDE. FRACTION,

(&) TRICHLOROACETIC ACID FRACTION and (5) SUPESRNATANT FRACTION, by a
similar procedure to that described in Chapter IX, The amounts of
radioactivity present in the various fractions are given in Table VIIL.h,

The mean cyanide recovered from the normal serum after one hour
of incubation wae 40% of the amount added., In heat-treated serum,
the recovery was higher, accounting for about 594 ﬁf total cyanide
added.

Although thiocyanate was formed in both normal and heat-treated
sera, a significantly lower amount was found in the heated serum
(P<<0,001), This indicates that part of the thiocyanate formed in
serum from cyanide was made by enzymic action,

The activity in the carbon dioxide fraction is variable but
appear to be more or less the same in heat-treated and normal sera
(P»0,60), The variability may be due to losses of COp and partly
to the presence of variable amounis of acidic materials like formate
in this fraction, Precipitation of the carbonate by means of excess
Ba(OH) solution revealed that between 70-867 was associated with

the precipitated BaCOj.



TASLE VII. b

Distribution of radicactivity in various fractions after incubation

of serum with Na'‘CN,

0,1 sl was added to 1 ml serum,

Ol ml of 0,52 mM Na''Clj activity 208,449 dpm/

Sample Radiocactivity in fractions as d&pm
on” sc” COp TCA Supernatant
fraction fraction fraction preeipitate fragction
fraction

12,432 7,612 62 3,170 5716
Sevun 10,956 7,082 636 5,860 3,460
(normal ) 11,504 74222 (521 4,679 3512
Hewn 11,5% 64619 628 4,027 3,911
2 .EM, 2 346 253 569 615

16,928 1,56 760 3,72 3,077
Cerum
(heat 15,972 1,652 360 3,769 3,43
treated)

16,459 24340 24 22l 22229
Hean 16,679 1,450 saa 3.6(3 34325
sozono m 30 w % m




The activity in the TCA precipitate fraction of normal serum
thh@rmmtmtmmmmtormh
treated serum, although this was not statistically significant
(P 20.2),

The mean total radioactivity recovered in normal serum was
95/ while that recovered in heat-treated serum was 904, but the
difference was not statistically significant (p20,2). Since 90-95%
of radicactivity added to serum could be accounted for, it is clear
thatthm-ofomidonddodtoummmtductoiumorm
to volatile HCN,

The radioactivity remaining in the supernatant fraction after
removal of the thiocyanate was found to be variable especially in
the normal serum, However, the amounts found in normal and denatured
serum were similar, Although a study of the chemical nature of the
transformation products of cyanide present in the supernatant fraction
was not carried out, it is likely that formate and aminomalonitrile
are major components (Guatelli, 1964; loanid and Bors, 1961; Oke,
1969 ).

In Chapter III, it was observed that potassium cyanide added
to the diet moistened with water could not be recovered, In order to
check if transformation of cyanide also occurred in the diet, a
solution of Na'*CN (purified by the method already described in
Chapter I1) of known specific activity was added to known amounts of
the basal soyabean meal diet in a tost tube, The tube was stoppered
and left overnight at room temperature (about 18 hr), Analysis of
the cyanide present by a similar procedure (nitrogen aeration) as
that described for the serum revealed that less than 50/ of the cyanide

added could be recovered (Table VII.5 ). Extensive loss of the added



TADLE VII.S
Recovery of ''ClN added to 2g basal soya bean meal diet,

#g O added  Total activity ¥ of added CN™  Mean + 5.E.M,

da recovered
12,5 52,550 7.6
12,5 52,550 7.7
708 + 0,1
12,5 52,4550 749 -
12,5 524550 7.9
204007 524550 38.1
20,007 524550 9.8
ﬁo’ : 0,3
204,007 524550 38.0
204,007 52455C 9.0
%o 000 52,550 43.5
ho ;001 52,550 45.5
“3-5 : 1.1
ho 4002 524550 k2,8
& J001 524550 k.3

20,007 3.0 x 20° 8046 10,6




cyanide as HCN from the mixture was unlikely since 984 of the
activity that could not be recovered was found to be present in the
aeration vessel after removal of the HCN by nitrogen aeration,
This meant that the non-recoverable cyanide activity may have been
transformed into substances that could not be liberated under the
conditions of nitrogen aeration,

In the system in which cyanide of total activity 3,0 x 106
dpm was added to 2 g diet (Table VII,5), the mixture in the aeration
vessel after the removal of the recoverable cyanide (by nitrogen
aeration) was centrifuged to precipitate large food particles,

Thin-layer chromatography (T:L.Cs) was performed on the diet
supernatant fraction, The adsorbent used was silica gel G, type 60
(Merck Ltd,) while the solvent system was 'omnolxmm:nm
(80:4:16), This system is lknown to separate formic acid from other
higher fatty acids (Prey et al., 1962), The results of the T.L.C,
are shown in Figures VII,3, The radicactivity was distributed over
the plate but large amounts co-chromatographed with marker and
carrier formic acid. location of the formic acid on the chromatogram
wvas achieved by spraying with alcoholic methyl red indicator (Lynes,
196%), In this systen formic acid had an Rf value of 0,57,

Although further purification and identification of the formate
was not carried out, this preliminary study by means of T,L.C, has
revealed that formate is most likely the major product formed by the
transformation of potassium cyanide in the diet,

Discussion
The experiment reported in this chapter has clearly shown
that when small amounts of potassium cyanidd were added to rat serum,

there was a fairly rapid decrcase in the amount that could be



BIdTJ0 9jvwiIog

*opTteds 3TQRJIFA0DOL JO [BACWIX J3jye jueisusadng 337p UT

aussazd L37aTicworped a3 jo Aydexdojuwodyd JeflaT-ujys Y3 JOo ueds oyl

*IIA J¥NDId



92

subsequently recovered, The most rapid losses occurred during the
first 30 minutes, and a further, but slower, decrease continued for

a total period of about 1 h, Thereafter, the amounts of recoverable
cyanide appeared fairly constant, even for a period of four hours,

By one hour after the addition of a known amount of cyanide, only
4054 could be detected as measurable cyanide, Furthermore only
29-46/ of the nonerecoverable cyanide could be accounted for as
thiocyanate, It was concluded that losses of cyanide as hydrogen
cyanide were minimal partly because no decreases in measurable cyanide
in phosphate buffer were observed using identical analytical techniques
and partly because studies with radicactive cyanide revealed that a
large proportion of the non-recoverable cyanide was associated with
the TCA precipitate and the supernatant,

It was of interest to compare the results reported here for
the rat serum with the observation of Ballantyne et al. (1973) for
rabbit serum, These workere found that 314l of added cyanide could
be detected as measuratle cyanide, and that measurable thiocyanate
accounted for only 26«-33: of nonerecoverable cyanide,

It has been suggested by Ballantyne et al. (1973) that decreases
in measurable cyanide could be accounted for in part by slow
hydrolysis to ammonium formate and conversion to aminomalonitrile,

Thiocyanate was found in both normal and heat-trcated serum
incubated with cyanide, This means that the formafion of this radical
from cyanide may not be entirely due to enzymic activity,

Lang (193% had earlier reported that colloidal sulphur would
serve as a donor for rhodanese (in liver homogenate), This was
shown to be incorrect with a highly purified enzyme (Sorbo, 1953),

It was at first presumed that a second enzyme called "rhodanese a",
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was responsible for the activity with colloidal sulphur (Sorbo, 1953).
However, Sorbo later indicated that this was a noneenzymic reaction
and that the 'rhodanese s' activity, in serum at least, could be
attributed primarily to a catalytic action of serum albumin which

did not, however, involve its sulphydryl or disulphide groups

(Sorbo, 1955). However, it is not known if free sulphur is present
in the serum or blood of asimals,.

It hns been reported (Davis, 1962; Sorbo, 1957) that metal ions
catalyse a noneenzymic thiosulphate-cyanide reaction,

Vhatever the mechanism for the formation of thiocyanate, it is
clear that this radical is formed in the serum and that the
denaturation of the serum protein reduced the amount of measurable
thiocyanate formed,

As a yesult of the work of Chung and Wood (1971) it is known
that thiocyanate reacts with bovine haemoglobin in vitro, in the
presence of HeOp to yield sulphate and cyanide., In this system, the
cyanide is converted to cyanate by a noneenzymic reaction (see earlier),
It has been argued, however, that hydrogen peroxide may not exist
in vivo in animal blood in concentrations similar to those used to
demonstrate the reaction in vitro (Smith and Kruszyma, 1976). Using
the methods desdribed in Chapter 1I, the formation of cyanate from
cyanide could not be demonstrated in the rat blood in the absence of
hydro jen peroxide,






CHAPTER VIII
The excretion of gm and thiocm
garbon in the rat

1, Introduction

Cyanogenic glycosides have long been known to be present in
certain plant foods and to release cyanide into the body when
ingested by animals (Chapter I), Furthermore "4 c.labelled potassium
cyanide is an important precursor used at high specific activity in
the synthesis of many labelled organic compounds, and hence has long
been available, However, only a limited amount of work has been done
on the fate of cyanide in the animal body.

The pioneering work was by Boxer and Rickards (1952) who
injected six rats each with five doses of 215 yg of ' CN, specific
activity 2,16 x 107dpn/n mole, at hourly intervals and the animals
vere killed 2 hr after the last injection, Respiratory air was
collected at hourly intervals over the experimental period and cyanide
and carbon dioxide were separated for analysis, Their results showed
that 1.7% of the injected carbon appeared in the respiratory air, of
which 90¢ was present as carbon dioxide and only 10: as cyanide,

Since the report of Boxer and Rickards (1952) a few investigators
have studied the respiratory elimination of cyanide carbon under
varying conditions and in various species (Friedverg and Schwarzkopf,
1969; Tolbert and iughes, 1959; Burrows et al., 1976). However,
comparison has been difficult because of the variations in
experimental conditions employed. It has been pointed out that one
difficulty concerned variations in the cyanide dosage, Burrows et al.

(1996 ) argued that the response of the animal changes markedly as the
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dose of cyanide varies, and that tissue respiratory stimulation
rather than depression is more likely when cyanide is administered
at less than 1 mg per kg body weight, They indicated that a dose
level of less than 2,65 mg cyanide/kg of body weight (100 pmoles/kg)
would yield very different results than those where higher doses of
cyanide are employed, since oxygen utilization and body metabolism
are markedly different, Such differences, it is believed, would
alter various physiological processes, such as the rate of
biotransformation and the rate of urinary excretion,

Oxygen has been shown to potentiate markedly the effectiveness
of the classical sodium nitrite-sodium thiosulphate combination in
the treatment of acute cyanide poisoning (Way et al., 1966)., Burrows
et al, (1976) have investigated the effect of air or oxygen on the
respiratory excretion of cyanide carbon, Air or oxygen used either
alone or with various combinations of NaNO, (100 mg/kg, injected
subcutaneously) and NeeS:0s (1 g/kg, injected intraperitoneally)
were administered to mice prior to the administration of Na'‘CN
(injected subcutaneously). The respiratory gases were collected in
a trapping solution of ethanole-ethanolamine and analysed for
radioactivity, Treatment with Na, 3,0y prior to injection of Na'‘CN
accelerated the rate of excretion of '"C for either air or oxygen,
but not when combined with NaNC,, However, the total resp$ratory '‘C
excretion, in the 3¢ hrs of the experiment, was not increased with
NagSe O3 for either air or oxygen groups, Based on the above finding,
it was suggested that if the rate of respiratory excretion of
radioactivity is dependent upon blood levels of free cyanide; then
those animals which received NapS,0y had a more rapid rate of
respiratory excretion than those receiving only air or oxygen,
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because the product of cyanide detoxification, namely thiocyanate,
is extensively bound with plasma proteins and haemoglobin (Fende and
MeFmnamy, 1970; Follay et al., 1966), Cyanide and thiosulphate are
also bound, but to a lesser extent ( Uchida et al.,
1970), Thus thiosulphate administration by virtue of enhanced
thiocyanate production may compete for cyanide-binding sites causing
an increase in cyanide availability for respiratory excretion,
However, since in this report, the respiratory excretion was not
resolved into its various radioactive components - namely cyanide
and carbon dioxide - it is not certain whether the rapid rate of
respiratory excretion observed was due to cyanide itself or to
carbon dioxide.

Smith and Foulkes (1966) have shown that urinary excretion
of thiocyanate is decreased in the rat, following chronic
administration of cyanide over a prolonged period of time, They
administered, by subcutaneous injection, 1 mg potassium cyanide once
weekly for 20 weeks to adult albino Wistar rats, A basal urine was
collected prior to the initiation of the experiment and thereafter
urine samples were collected at conthly intervals for the 24 hrs
immediately following the injections, The estimation of urinary
thiocyanate was carried out by the method of Aldridge (1945), The
result of this experiment showed that seven of the eight rats subjected
to the procedure gradually adapted their metabolic pathways to the
injected cyanide so that thiocyanate excretion in the urine decreased
as compared with the thiocyanate found after the initial injection,
It was shown that delayed excretion was not responsible for the

decr-ase in thiocyanate excretion, It was thought that the
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detoxification pathway which involves formation of 2-iminothia-
zolidine-b=carboxylic acid from cystine and cyanide (Wood and Cooley,
1956 ) might have superseded the rhodanese/thiocyanate mechanism,
However, 2~iminothiazolidine-4-carboxylic acid could not be identified
in the urine of a rat which was excreting less cyanide as thiocyanate,
Sedth and Foulkers (1966) thus concluded that one-carbon compounds
other than thiocyanate must have been playing the major important
parts in cyanide metabolism,

In an attempt to confirm this observation of altered cyanide
metabolism made by Smith and Foulkes (1966), Mehta and McGinity (197%)
have examined the urinary elimination of thiocyanate in male and
female rats following chronic administration of potassium cyanide,
Twenty four female rats were divided into three groups of eight.
Group one received subcutaneous injections of 5 mg KCN/Kg body weight
once a week; group two received 5 mg KCN/kg body weight, twice
weekly, and grou; three received subcutaneous injection of an
equivalent volume of saline, In the same experiment, sixteen male
rats were divided into two groups of eight., Ome group received by
subcutaneous injection 5 mg KCN/kg body weight twice weekly while
the second group received an equivalent volume of saline by
subcutaneous injection, For a period of 24 hrs immediately following
the last KCN injection or saline injection (eaci week), the urine
sample from each rat was collected in dry ice-cooled containers,
Analysis of thiocyanate in urine was also carried out by the method
of Aldridge (1945)., Unlike the finding of Smith and Foulkers (1966),
female rats dosed at the level of 5 mg KCN/kg, either once a week or
twice a week, displayed no significant difference in the excretion of
thiocyanate in urine after periods of up to eight weeks of study,
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Similarly male rats that were given 5 mg KCN/kg twice weekly showed
no significant difference in the amount of thiocyanate excreted,
Furthermore, the elimination patterns of thiocyanate in all rats
showed no significant differences, The results suggest that a
substrate saturation phenomenon is not operative with cyanide
metabolism at the dose level of potassium cyanide employed in this
study, This is therefore contrary to the obeervation made by Smith
and Foulkers (1966) who reported a decrease in urinary excretion of
thiocyanate after chronic cyanide administration to rats,

Aims of investigation

To date, only one detailed report on the respiratory and
urinary excretion of cyanide carbon in the rat has been given (Boxer
and Rickards, 1952). Recently, however, Crawley and Goddard (1977),
have studied the elimination of cyanide carbon in breath and urine,
Unlike the report by the first group of workers, these latter workers
did not investigate the proportion of the major metabolites of
cyanide (such as carbon dioxide in respiratory air or thiocyanate in
urine) in the total excretion, Accordingly, comparison is difficulty
It was therefore of interest to study the urinary and respiratory .
elimination of cyanide and its main metabolites in the rat, following
administration of '*C-labelled cyanide, and to compare the findings
with those reported by Boxer and Rickards (1952).

Furthermore, while one group of workers (Smith and Foulkers,
1966 ) have reported that chronic ingestion of cyanide results in
decreased urinary excretion of thiocyanate, another group (Mehta
and McGinity, 1977) have failed to confirm this finding by the same
chemical technique., By using rats exposed to chronic intake of
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cyanide for three weeks prior to injection of '*C-labelled cyanide,
dn an excretion study, it was hoped that any effect chronic intake
of cyanide had on mode of elimination of cyanide carbon would readily
be observed by the more sensitive radiochemical technique.

Sxperimental procedure
The metabolism apparatus used for the collection of urine,

and for carbon dioxide and cyanide in respiratory air is illustrated
in Fig.VIII,l. Rubber tubing was used to connect the members of the
assembly,

Following injection or oral administration of purified
radicactive cyanide (Chapter II) each rat was placed immediately in
the desiceator (metabolism jar, £), The direction of airflow when
the pump was opened was from A, through E, to B, The desiccator
was equipped with a coarse screen support for the rat, and a fine
screen for collection of faeces, The urine was collected at the
bottom of the desiccator,

The apparatus was checked for leaks by running it for several
hours without a rat and with water replacing the alkali in the NaOH
absorbers (F), If leaks had been present, the terminal Ba(OH)
solution would have become cloudy, During the experiment, complete
recovery of expired COp was also indicated by the absence of
cloudiness in the terminal Ba(OH) solution,

The internal temperature of the metabolism chamber, with a rat
present, was generally 24° with fluctuations not greater than 1°,
Outward leaks from the apparatus were prevented by the slight negative
pressure in the metabolism chamber and the more negative pressure in
the NaOH absorbers,
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Ltthomdof.whwmt. the contents of the sodium
hydroxide absorbers (F) were stored at =20°C, till required for
anslysis, TFaeces collected vas homogenized in water (1:3) and
stored at =20°. The urine in the bottom of the desiccator was
mdoutvithnm:ndth- toulurinoudmhmsdﬂutodhl
|mown volume and stored at o,

mlmdiqmtotmnhlirmdmmmuamrm
or an aliquot of the urine sample, quantitative separation and
collection of carbon dioxide, cyanide and thiocyanate were carried
out by the method described in Chapter IX.

In experiments where only urine and faeces samples were
collected over a period of one day or more, metabolic cages equipped
for the collection of urine and faeces (but not respiratory air)
vere used, The method used to collect urine and faeces is
specified in the presentation of each result.

The estimation of radicactivity was carried out by the method

described in Chapter II.

“. Results

 ——

k(a) of thioe rats ed to chronic
gww.
Four male rats were weaned onto diet 418 and maintained on this

diet until they weighed about 140 g each, They were then put

and faeces only (not including respiratory air), The 2b hr urine
of each rat was collected (after adapting the rats to the cages for
three days) while they were still maintained on diet 418, The diet

&Bmth.nmmdbythomdmyubunnddht(mcupm



II) which was used throughout the rest of this experiment, Another
24 hr urine of each rat was collected on the 7th day following the
transfer of the rats to soya bean diet,

Potassium cyanide was then added to the basal soya bean meal
diet of each rat to provide 77 ymoles per rat per day., The addition
of potassium cyanide to the diet began on the 8th day following
starting on the basal soya bean meal diet, This 8th day will now be
referred to as day 1, and subsequent days designated 2, 3, & ete,
Urine from each rat was collected separately for the following days:
day 7, 15, 16, 17, 18, 19, 20 and 21,

All urine samples were stored at 4° in screw-capped bottles
and the cyanide and thiocyanate content estimated within one week of
collection, .

. Bach 24 hr urine was diluted 10-fold (in the case of samples
collected before administration of cyanide in the diet) and 100-fold
(in the case of samples collected during cyanide administration),
Thiocyanate cyanide was obtained by mild oxidation with permanganate
at room temperature, followed by nitrogen aeration and estimation by
the method already described in Chapter II for rat serum,

The amounts of thiocyanate excreted in the urine in 24 hr by
four male rats on the two separate diets (diet 413 and basal soya bean
meal ) are given in Table VIII,1, The mean thiocyanate content of
the 24 hr urine sample collected while the rats were on the basal
soya bean meal diet was slightly lower than that obtained for the
same group of rats while on diet 41B, However, the differences are
not statistically significant (P> 0.4),

WYhen potassium cyanide was added to the diet of each rat to
provide 77 umoles per rat per day, the mean daily excretion of



TABLE VIII,)
Urinary excretion of thiocyanate by four male rats on two

separate diets without added KCN supplement,

Rat No, Diet Period of urine Thioce te content Mean & 5.E.M,

collection of h urine
(pmoles)

U=l 1,94
U2 Dlet WP  last day on diet 135 1,6940,19
U=3 1.%
) 2410
U1 1,67
G2 Diet 7¢h day on diet 1,56 1.5340,06

based on -
Ue3 extracted 1.57

soya boan
oA 1,54
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thiocyanate for the four rats increased 18-30 fold (Table VIIX,2), The
daily thiocyanate excretion in the urine of each rat was variable wvith
a range of 21-61 ymoles per rat per 24 hy, However, the pattern of
daily excretion of thiocyanate in the urine of each rat does not
appear to indicate that any increcase or decrcase occurred with
prolonged cyanide ingestion,

On the assumption that all the cyanide added to the diet of
each rat was quantitatively taken and absorbed then 36-60: (mean 50%)
of the daily dose of cyanide was excreted as thiocysnate per rat per
day, Thus of a total of 42 mg cyanide ion ingested over a period of
three weeks only 21 mg was excreted as thiocyanate in the urine,
k(b) Excretion of radioactivity by rats after oral administration

of ks'‘cn

To check on the fate of thiocyanate, the four rats on a daily
dose of cyanide in the diet (see earlier) were given radioactive
potassium thiocyanate by mouth, The thiocyanate (3.4 uCi, specific
activity 59 uCi/pmole) was administered in 0,1 ml solution of a
mixture of water and glycerol (ratio 1:1) by means of a 1 ml syringe.
The method of administration of supplements by mouth has been
described in Chapter II, After administration of the thiocyanate,
each rat was replaced in the metabolic cage, equipped for the
eollection of urine and faeces only, 7The dd.u urine and faeces
- samples were collected separately for a period of one week,

The separation of thiocyanate in the urine samples was achieved
by the method described in Chapter IX, and radicactivity in all
samples estimated as already described in Chapter I,

Large amounts of radiocactivity were excreted in the urine by
each rat in the first two days, with the largest amounts in the first



TASLL VIII,2
Urinary excretion of thiocyamate by four male rats exposed to
chronic ingestion of KCN (77 ymoles/rat/day) in diet,

Rat No, Thiocyanate content (moles) of 2k h urine collected on the
specified days following dally addition of KCN to dlet,

day 7 day 15 day 16 day 17 day 18 day 19 dey 20 day 2

36,06 WA 61,06 26,44 37,5 5,67 37,98 50,00
33,08 32,2 ho.6h 35,58 W65 W5,27 2500 3,2
2h,04 43,27 R.2A 2,3 32,a W1 32,2 375
30,03 W2,60 36,06 20,67 32,69 W2,60 32,69 37,50
20,80 41,95 43,99 27,76 7.0k W90 K50 39.%0
B.E.M, 2,57 3,37 6,6 3,07 3,23 097 132 3.7

LR
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24 hr samples in most cases (Table VIII,3). This was followed by a
sharp decline in the radiocactivity excreted on the Jrd day., A mean
of 53 of the total dose given by mouth was excreted in the urine
on the first day and 25¢ on the second day., On the third day less
than 7% was excreted, and this ddclined to less than O,1% by the
7th day, The total urinary radioactivity excreted in seven days
accounted for about 90X of the dose administered.

The amounts of thiocyanate in the daily urine samples are
given in Table VIII,A4, For each of the four rats, thiocyanate was
found to account for a large proportion of the total urinary
excretion, The mean thiocyanate excreted in the urine by the four
rats over five day period amounted to 82. of total activity given by
mouth, Thiocyanate thus accounted for about 91: of total urinary
activity, This means that thiocyanate given by mouth is largely
absorbed into the body fluid and excreted, to a large measure
unchanged, in the urine,

The faecal excretion of radicactivity was very small compared
to that present in the urine (Table VIII,5), For this reason, the
thiocyanate fraction of the total activity in the faeces was not
determined, In two rats where very little faeces were excreted during
the first 24 hy, only a trace of radicactivity was present in the
first day sample, The mean faecal excretion of radicactivity
accounted for only 2,%¢ of the dose administered, and part of this
must be due to contamination by the urine, which was impossible to

prevent in the metabolic cages used,



TABLE VIII 3

Urinary exeretion of radioactivity by four rats after oral

administration of ¥s'‘cN,
specific activity 59 wCi/imole,

Gach rat was given 3,4 uCi of Ks'CN;

Rat No, Radioactivity excreted per day after administration

dayl day2 day3 dayh &c;.) day 6 day 7 Total
U-1 1,060 1,179 0,160 0,086 0,029 0,026 0,000 2,5
V=2 2,330 0,437 0,170 0,067 0,023 0,006 0,000 3,0b
U=3 2,030 0,768 0,329 0,120 0,067 0,000 0,001 3,34
Uels 1,726 1,020 0,258 0,189 0,059 0,002 0,000 3,26
Fean 1,787 0.856 0,229 0,116 0,045 0,008 0,003 3,05
S.BuMe 04270 0,160 0,080 0,026 0,001 0,005 0,002




Radicnctivity in the fhioc;{smte fraction of wrine after orel

©PABLE VIITA

administration of HS'YCN to four rots. XHesh rat wos given 3.4 ucCt

of KYACN; spacific sctivity 59 pCi/pmole,

Q4060

0,024 Ua011

Rat Nn, ' Radioactivity in thiocymnats fraoction par day

a1 arz aw® ayh ars o
1S § . 14050 1,100 C.146 C4079 0,028 2,432
U 2,149 Oe302  C,O005 0.065 0,022 2,643
".ﬁ;j 1.9%0 0.680 0,290 0.110  0.066 3,076
Uk 1,550 0,90 0,256 0,175 0,057 2,948
Tosm 1,668 0782 G177 0,107 0,003 2,780
5., 0s240 0,150




TABLE VIII.D
Faecal excretion of radiocactivity by four rats after oral
adninistration of Ks'*CN, Bach rat was given 3,4 uCi of KS'*CN;

specific activity, 59 Ci/ymole,

Rat Yo, Radioactivity excreted ?u' t;ay after administration
pCi
day 1 day 2 day 3 day & day 5 Total

U=l Trace 0,026 0,013 0,00 0,002 0,051
U2 0,014 0020 o011 04009 0,006 04060
U-3 Trace 0,00 0,018 0,002 0,004 0,027
Uy 0,040 0,027 0,01k .01 o.00 04093
Mean 0.,01% 0,028 0,004 0,012 0,003 0,083
8.E.M, 04009 0,004 C,00 0,001 0,001
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We) Excretion of radioactivity in the cyanide fractions of the

the urine and respiratory air

The excretion of radiocactivity in the urine, faeces, and
respiratory air was studied in the male rats used for tissue
distribution studies (Chapter IX), BSach rat was given 16,3 umoles
Na'*cN (specific activity 1,15 uCi/umole) by one of the following
routes: two doses of 8,3 umoles CN~ given with a 30 min interval
by (1) subcutaneous injection or (2) intraperitoneal injection, The
quantitative collection of urine, respiratory activity and faeces
was achieved by means of the metabolic apparatus described in Fig,
VIII,1.

Respiratory activity was collected for a period of 9 hr, and
cyanide and COp were separated for analysis by nitrogen aeration
(Chapter IX), The total activities excreted in respiratory air
are summarized in Table VIIT.,6, About 4,3 of the injected carbon
appeared in the respiratory air of which 867 was present as CC, and
only 1% as cyanide,

Urine was voided by each rat during injection and at the time
of killing and this was collected in a stainless steel tray, This
urine was combined with that excreted in the metabolism apparatus,
Urinary excretion of radioactivity by the rats over a period of 9 hr
was found to be relatively constant with a mean of 24,05 2 3,3 (X 5.0.).
The quantitative distribution of the injected cyanide carbon in the
various fractions of the urine is illustrated in Table VIII,7?, The
urinary cyanide includes the 12 cyanide, Neither cyanide (including
H12 cyanide ) nor carbonate plays a major role as an excretory pathway
of injected cyanide carbon, The largest amounts of urinary activity
vere found in the thiocyanate fraction of the urine from each rat,
Only small amounts of radicactivity were found in the faeces excreted
during the 9 hr period (Table VIIL,?),



_ | ) 1 TABLE VIIL6

Rospiratﬁry axcrotidn of radicactivity by five rats aiver injections
{intraperitoneally in four rats and subcutaneously in one rat) of
Na'*CN., Each rat injectsd with two doses of 2,3 ymoles CN” with a
30 min intervaly epecific notivity of injected material 1,15 uCi/

rmole; animals killed ik hr after last injection,

fae, R O

Radicactivity as = of dosze injected

Rat No,
o . Total Respiratory Rempliratory
- respiratory garbon cyanide
sxcretion dtoxide {by differenca)

R 312 280 . 0432
m o sk Mmoo
- 3 2% o2
RUb - 4,04 388 oM "
R 562 bes oW
Mean he32 . .00 RILE
800 - - S
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(d) Rate of excretion of cysnide carbon in urine and respiratory air
The rate of excretion of radicactivity in the urine and

respiratory air was etudied using the groups of rats (groups £y, Se,
Sg4 5, ) also employed in the studies on rate of secretion of
thiocyanate into the stomach (Chapter IX)., Collection of the urine
and respiratory radioactivity was achieved by means of the metabolism
apparatus described in this chapter,

The elimination of the '*C activity in urine and respiratory
air up to one hour after subcutaneous injection of Na'‘CN is summarized
in Table VIII.8, At the end of a study period, any urine in the
bladder was forced out of eagh rat into a stainless steel tray by
gripping the rat firmly at the back of the neck with the thumb and
forefingers and then stretching the animal by a slight pull at the
tail, A rat held in this way emptied all the contents of the bladder,

No radioactivity was detected in the urine of rats 10 minutes
after injection of the Na'*CN, However, urine collected by 20 minutes
contained detectable activity in all rats, In contrast, excretion
of radicactivity by the respiratory air was detected 10 minutes after
injection of the dose (Table VIII.8), The urinary excretion of
radiocactivity was more variable than respiratory excretion,

When urinary cyanide and thiocyanate were separated from the total
urinary excretions, it was observed that the latter radical was the

major excretory component at each period (20, 30 and 60 minutes),

5. Discussion

In Chapter III a method was presented for the addition of
potassium cyanide to the diet of rats in which there was no
significant loss of this volatile substance, It was also demonstrated

(Chapter III) that rats on a diet containing potassium cyanide (to



TART VIYIB

Rate of appearance of radicactiwity in the respiratory alr, urinary
cyanide and thiocyanate after subcutaneous injection of Na'*CN to the

rat, Bach rat was injected with b umoles of cyanide; specific

o activity of injectsad materisl 1.15 uCi/mmole,

-

Radinactivity as % of injected dose + J.Dualley B = 3

T™me after

injection Toted Totul Urinary Urinary

(min, ) rospirotory urinary thioeyanate cyanide
: air excretion

20,0 ., 0.19+0,03 0,00 - 0,00 0,00

20,0 0.33+0.0h 040,21 0u3340.16  0,0640,02

20.0 . - 142240,05 047240,02 Ce3640,0k 0,09+0,02

60,0 2.5540529  3.M632.01 2574167  0,2740,02
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provide 38,5 umol/rat/day) for three weeks had thiocyanate in plasma
significantly elevated compared to control rats,

In this chapter, it has been demonstrated that rats on a diet
containing potassium cyanide to provide 77 umoles/rat/day excreted
large amounts of thiocyanate in the urine, It is well known in
animals, that elevated plasma thiocyanate or increased urinary
excretion of thiocyanate or both are indications of the exposure to
chronic cyanide intake (Pettigrew and Fell, 1972; Tewe et al., 1977).
All rats used in the excretion studies described in this chapter, had
been placed on a diet containing potassium cyanide (to provide 77
mmol/rat/day) for at least three weeks, The results presented,
therefore represent the pattern of excretion of cyanide carbon under
this condition of chronic cyanide intake,

Smith and Foulkes (1966) claimed that urinary excretion of
thiocyanate iz decreased in the rat, following chronic administration
of cyanide over a prolonged period of weeks, The data presented in
this chapter (Table VIII,2) do not indicate any deérease in
thiocyanate excretion as a result of daily intake of cyanide in the
diet for three weeks, This is in agreement with the recent report
by Mehta and McGinity (1977) who demonstrated that groups of rats
given 5 mg KCN/kg body weight either once or twice weekly for 8 weeks

did not show any decrease in the urinary excretion of thiocyanate,

It is therefore unlikely that a substrate saturation phenomenon is
operative in the rat after chronic cyanide administration as reported
by Smith and Foulkers (1966),

The amounts of '*C in urine, faeces or breath after
administration of Na'*CN or K3'“CN to rats after chronic ingestion
of potassium cyanide for three veeks have been presented, The

available data on the elimination of cyanide carbon confirm that
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urinary excretion is the major route of elimination, e.g. 80% in

4 hr in the rabbit (Baumann et al., 1933); 92. in the dog (Boxer
and Rickards, 1952); 74+ in the rat (Crawley and Goddard, 1977),
The data reported here confirm that urinary excretion is the main
route of elimination of cyanide carbon, accounting for B3¢ of
cyanide carbon excreted (in urine, faeces and breath) 9 Ir after
administration, When KS''Cl was given by mouth to rats exposed to
chronic cyanide ingestion, 90. of the dose administered was excreted
in urine in 7 days and only 2,4 in the faeces, Of the total
activity excreted in urine, 78% was excreted in the first 2 days,
It has been reported by Funderburk and Middleswort (1971) that rats
given carrier doses of thiocyanate (5 mg) along with a tracer dose
of >23CN" showed a faster rate of disappearance of SCN” from plasma
than those given only the tracer amount of SCN~, This was
interpreted to be due to (1) the saturation of SCN~ concentrating
compartments and (2) the inability of the kidney tubule to reabsorbd
large amounts of ﬁ.ltarnd‘ thiocyanate., It is important to recall
that rats used in this investigation had been exposed to chronic
cyanide intake in the diet and hence had a large pool of thiocyanate
in the body, This probably explains why the tracer dose of
thiocyanate (less than 0,06 umol ) given here was excreted at a very
rapld rate,

Thiocyanate in the urine accounted for 91 of total urinary
activity, Since the tracer dose of thiocyanate wa=s given by mouth,
this weans that this radical was largely absorbed into the body to be
excreted (unchanged) largely in the urine,

The respiratory elimination of cyanide carbon has been

examined by a number of investigators under carying conditions and
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in various species {Boxer and Rickards, 1952; Friedberg and
Schvarzkopf, 1969; Tolbert and Hughes, 1959 and Crawley and Goddard,
1977). Rowever, comparisqns arg difficult because of the variations
in oxpor:hont.al‘ conditions employed, One major study on elimination
of cyanide carbon in breath after subcutaneous injection of '*(C-
labelled sodium cyanide in rats showed that the amount exhaled was
1,77 of initial activity of which 90% was '“C-labelled CCy and 10%
unchanged cyanide (Boxer and Rickards, 1952), In the experiments
reported in this chapter, 4,37 of the injected cyanide carbon appeared
in the respiratory air (9 hr after the dose) of which 86} was '*C-
labelled carbon dioxide and only 1%’ was unchanged cyanide, Although
a dose comparison cannot be made because of differences in experimental
conditions (e.g, dose of cyanide; duration of experiment ete,), it

is clear that carbon dioxide is the major product in the respiratory

air after administration of cyanide to the rat,






CHAPTER IX
Eo tissue distribution of cEdo carbon

in the rat

1, Introduction

A number of investigators have studied the distribution of
cyanide ion in human tissues following intake of acute doses of
cyanide (Halstrgm and Mgller, 1945; Curry, 1963; Sunshinie and
Finkle, 1964; Bonnichsen and Mashly, 1966),

Among the nrl.j.gat work on the content of cyanide in tissues
and organs of humans poisoned with cyanide is the report by
Halstrgm amd Mgller (1945), Tissues from individuals killed by
acute cyanide poisoning were removed as quickly as possible and
stored at O°. Cyanide in the macerated tissues was liberated into
2M NaOH by steam distillation after acidification with sulphuric acid,
The resulting cyanide was estimated chemically by a method involving
oxidation with bromine to bromine cyanide, reacting the bromine
cyanide with potassium iodide and titrating the resulting iodine
set free with standard thiosulphate solution, 1In contrast to some
reports that it is not always possible to demonstrate hydrocyanic
acid in the organs of cyanide-poisoned animals (see Halstrgm and
Mfller, 1945), these workers found cyanide in several organs and
tissues investigated, The liver, kidneys and brain contained
approximately the same concentrations in the majority of cases ranging
from about 0,2 to 2 mg, calculated as HCN per 100 g tissue, The
concentration in the brain seemed to vary a great deal more than that
in the liver and the kidneys., The hydrocyanic acid in the muscles

was constantly lower than that of the liver and kidneys, In contrast



110

to other poisons, it was found that in cyanide poisoning, the blood
contains essentially more of the poison than the other tissues,

Subsequently, a number of other analytical methods have been
employed to investigate the content of cyanide ion in tissues and
organs of humans poisoned with cyanide (Curry, 1963; Sunshinie and
Finkle, 1964; Bonnichsen and Moehly, 1966; Curry et al., 1967),
Their results also confirmed that cyanide could be demonstrated in
several tissues and organs following acute cyanide poisoning.

More recently, Ballantyne et al, (1972) have studied the
content of cyanide in the tissues of rabbits killed with intramuscular
injections of potassium cyanide or hydrogen cyanide. The greatest
concentrations of cyanide were found in liver and brain, There were
significant differences in the concentrations of cyanide in blood
from animals killed with HCN and those killed with KCN, However,
there were generally no such differences in concentration in various
tissues removed from HCN-killed animals compared with similar
tissues from KCN-killed animals, The concentration of cyanide in
saline-perfused muscle, kidney and liver was significantly lower than
the concentrations of the radical in similar, but blood-containing
tissues, indicating that a significant proportion of the cyanide
content of skeletal muscle, kidney and liver removed from animals
poisoned with cyanide is probably in the blood, rather than in the
parenc:yma cells of these tissues. However, the fact that perfusion
with saline did not cause a drop in the concentration of cyanide in
central nervous tissue suggests that a selective uptake of the
radical may occur in this tissue, Studies on distribution of
cyanide radical in tissues have now been carried out in sheep killed

by intramuscular injection of potassium cyanide (Ballantyne, 1975).



The distribution of cyanide in the tissues of both the rabbit and
the sheep were found to be in agreement,

It must be emphasised that the results obtained in such
experiments are complicated by the problem of postmortem préduction
of cyanide occurring between death and the analysis of tissues
(Ballantyne, 1974), Fostmortem production of cyanide may occur in
tissues such as blood, liver, kidney, uterus, and stomach and
intestinal contents (Curry, 1963, 1974; Curry et al., 1967). The
production of cyanide in blood has been observed to occur in samples
stored at -20° (Ballantyne, 1977).

It is well established that chronic intake of cyanide or diets
containing cyanogenic glycosides results in damage to the central
nervous system (Rose et al., 1954; Williams and Osuntokun, 1969;
Osuntokun and Osuntokun, 1971), Furthermore chronic intake of cyanide
in diets and tobacco smoke has been implicated as the cause of a
number of clinical states observed in humans (Baumeister et al,, 1975).
However, it is not clear if the observed clinical states in chronic
cyanide intoxication are due to cyanide per se or to products of
cyanide metabolism,

Cyanide is rapidly metabolised in animals to thiocyanate which
is excreted largely in the urine (Boxer and Rickards, 1952). Boxer
and Rickards (1952) have demonstrated, however, the presence of a
small metabolically active pool of cyanide in the body by means of
radioactive tracers, Furthermore they have shown that cyanide carbon
is oxidized to carbon dioxide and formate, and therefore enters into
the metabolism of one carbon compounds,

Rose et al. (1954) have carried out experiments designed to

establish whether cyanide per se or its major detoxification product,



the thiocyanate ion was responsible for any deleterious effect on

the central nervous system in chronic cyanide intoxication, They
administered KCN (3 mg per kg) daily to one group of rats by
subcutaneous injections, The dose was gradually increased until all
rats but one died after 118 days, The final dose level was 14 mg/kg,
A second series comprised rats given daily intraperitoneal injections
of KS5CN, starting with 50 mg/kg. As in the first series, the dose

was gradually increased to 850 mg/kg on the 103rd day, In the former
group on cyanide doses, 6 out of 93 rats showed brain damage at death,
while in the latter group on thiocyanate doses, three out of 39 rats
showed brain damage, It is not possible to draw a reliable conclusion
from the above results in view of the known interconversion of
cyanide and thiocyanate in animals (Boxer and Rickards, 1952§ Pines and
Crymble, 1952).

2. Aim of YWork

The studies on the distribution of cyanide in the tissues of
animals have been concerned with the distribution of cyanide radical
per se (Halstrgm and Mgfller, 1945; Curry, 1963; Sunshinie and Finkle,
196k4; Ballantyne et al., 1972; Ballantyne, 1975), rather than with the
distribution of cyanide carbon and hence its metabolites., Furthermore,
these studies have only involved use of animals killed by acute
cyanide doses, Such studies may thus be of interest only to the
Forensic Toxicologists since the large single dose of cyanide
administered in these experiments is not in any sense ‘physiological’,
In normal animals exposed to chronic cyanide ingestion, it is unlikely
that the cyanide radical could be demonstrated in most of the tissues

by known chemical methods, This is because cyanide is rapidly
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metabolised in animals, largely to thiocyanate, and as Boxer and
Rickards (1952) pt':intad out, the ratio of cyanide to thiocyanate in
the body fluids is about 1:1000, liowever, by meana of radicactive
tracers, it has been possible to demonstrate the presence of a small
metabolically active pool of cyanide in the animal body (Boxer and
Rickards, 1952),

It was therefore thought that a study of the distribution of
cyanide carbon (using '*C-cyanide) in rats previously exposed to
chronic intake of cyanide in the diet might prove interesting,

3+ Experimental
The rats used for the experiments on distribution of cyanide

carbon were male albinos, They were trancferred from diet 41B to
the basal soya bean meal diet, Beforeceach rat was used for
districution studies, ‘KCN was n.ddod‘ to .t:.}ie diet .tor n.poriod of three
weeks, to provide an intake of 38,5 wmoles per rat .per day. .
3(a) Administration of Na'‘CN

Na'*CN was administered to the rats about one week after the
KCN supplement was discontinued, Three independent routes were used
for the administration of Na'*CN to the rats, and the method utilized
in each case is described with the presentation of each result,
Each rat was placed in a metabolism apparatus (see Chapter VIII)
equipped for the collection of respiratory air, urine and faeces
after administration of the radioactive cyanide,

3(b) Removal of tissues

Each rat was anasesthetised with Halothane and blood removed
by heart puncture, Between 10 and 15 ml of blood was removed from

each rat by the above technique, Tissues to be analysed were carefully
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dissected out, as quickly as possible, rinsed thoroughly with water,
blotted dry and weighed, Blood was stored with all other tissues
in screw capped bottles at -20° until required for analysis,
Solubilization and counting of radicactivity in each tissue was
carried out as described in Chapter II,

k. Results

k(a) Tissue distribution of cyanide carbon after intraperitoneal

injection of Na'‘CN

Four male rats, mean weight 365 g, were each given two doses
of 8,3 ymoles Na'*CN (by intraperitoneal injections) with a 30 minutes
interval, The specific activity of injected material was 1,15 wCi/
pmole. Zach rat was killed &k hr after the last injection, Blood
and tissues were removed from each rat as already described,

The '*C levels in tissues examined are given in Table IX,l.

The total radiocactivity in nuscle a.nd blood were calculated on the
basis that the former accounted for UOU of total body weight while
the latter accounted for 64,1 ml per one kilogram body weight
(Altman and Dittmer, 1964),

All tissues examined contained radicactivity, but very high
amounts were found in the stomach plus contents which accounted for
about 18% of the total injecled radiocactivity, This uptake of
radiocactivity by the stomach was variable with a range of between 1k
and 22« of the total injected radiocactivity,

A very high proportion of the injected radicactivity is present
in the blood, accounting for 1l of the total dose, A similar amount
of the injected radicactivity was also found in the muscle because of

its large mass, and substantial radiocactivity was found in livers,



TABLE Ix.l
Amounts of '“C in tissues after intraperitoneal injection of

Ma'*CN to rate, Four rats, mean weight 365 g, each injected with
two doses of 8,3 umoles of CN~ with a 30 min interval; specific
activity of injected material 1,15 uCi/umole; animals killed 8¥h

after last injection,

Tissue Wet Weight® % injected * injected”
(g) activity activity
per gram per tissue
Blood” 23.2640,76(m1) 0.4 11,1942.72
Heart 1.21:000" 0.12 0.1‘!-:0.01
Spleen 0.4240,03 0424 0.1040,01
Kidney 2,3%+0,21 0,33 0.,7440,06
Lung 1.7140,11 0.28 0,48+0,05
ILiver 13,70+1,29 0,23 3.19:0.86
Mascle” 146,00+6,08 0,08 11,32+0,95
Brain 2,57+0435 0,04 0.0940.02
Large intestine
plus conteats 6.32:0.?8 0,16 1,01+0,18
Small intestine
plus contents 8.39:0.5? Ce23 1.93:0.#1
Stomach plus
contents 2,3540,64 8.36 1643343463
Adipose tissue - 0.02 -
Testis 3¢3240.13 0.22 0.72:0.06
Eye 04304002 0410 0403+0,01
Total activity
in tissues 504,03
Total excretion 29475
Total 79.78

®rean value with the standard deviation

Biotal radicactivity was calculated from body weight of rats
(Altman and Dittmer, 1964),

"." means not determined
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Expressed on a tissue weight basis, there was an extremely
high concentration of radicactivity in the stomach and contents,
Blood had a higher concentration of radioactivity than in most
tissues, Although blood was removed from each animal by heart
puncture, and tissues were washed thoroughly when removed, a small
part of the radiocactivity in the very vascular tissues like liver,
kidney and heart etc, may be due to the presence of a little blood,
The radiocactivity in the relatively non-va—lc'ular tissue of the testis
is however, surprisingly comparable to that per unit weight of a
more vascular tissue like the liver. The lowest level of radiocactivity
per unit wet weight of tissue was found in the adipose tissue,
followed by the brain and muscle,

The total amounts of '*C in tissues, excluding bone and fat,
amounted to about 507 of total dose injected, Total urinary and
respiratory activity for the 9 hr period of the experiment was about
30+ (Chapter VIII), giving a total recovery of about 804 (excluding
radicactivity in bone and fat),

4(b) TIissue distribution of cyanide carbon after subcutaneous
injection of Na'*CN

One male rat weighing 364 g was given two doses of 8,3 umoles
Na'*CN (by subcutaneous injection in the region of the thigh muscle)
with 30 minutes interval, The specific activity of injected cyanide
was 1,15 uCi/umole, Blood and tissues were removed from the rat,

8% hr after last injection as already described,

The results obtained (Table IX,2) show that the amounts of
radioactivity in tissues after subcutaneous injection of Na'*CN are
similar to those obtained after intraperitoneal injection, The
stomach and contents also contained the highest level of radioactivity,
accounting for about 22. of total injected dose, This meant that



TASLE IX.2
Amounts of '“C in tissues after subcutameous injection of Na'*CN

to rats, One rat, weight 364 g, injected with two doses of 8,3
moles of CN~ with a 30 min interval; specific activity of injected
material, 1,15 pCi/pmole; animal was killed 8%h after last injection,

Tissue Wet VWeight - injected » injected
(g) activity activity
per g tissue per tissue
Klood® 23,08 (ml) 0,38 8,82
Heart 1.25 0,10 0.13
Spleen 0.k2 0426 0.11
Kidney 2.2 0432 0,70
Lung 1,69 0432 0454
Liver 13,51 0.16 2,15
Miscle® 144,00 0410 13,60
Brain 277 0,0k Olll
Large intestine
plus contents 7.54 0426 1,99
Small intestine
plus contents B.79 033 2.93
Stcmach plus
contents 2,63 £ 7 22,27
Adivose tissue - 0,01 -
Testis 4,03 0,16 0.65
Eye 026 009 0.02
Salivary gland 1,85 % U 0428
Total in tissues 54,31
Total excrotion 2k ,96
Total 79.27

bTol:al radioactivity was ca’culated from body weight of rat
(Altman ard Dittmer, 1964),
"." means not determined,



the high level of radiocactivity in stomach plus contents after
intraperitoneal injection could not be a consequence of the site of
injection., Furthermore, the total recovery of radiocactivity
(excluding that in the bone and fat) ies about 79. of total injected
dose,

The stomach was dissected and the contents separated from the
wvall, Investigation of the radioactivity in these two fractions
revealed that a greater part of the radioactivity in the stomach
plus contents is associated with the contents (accounting for 59.
of total stomach plus content radiocactivity, Table IX,3). The
radicactivity in the salivary glands of this rat was examined
and found to be similar to the levels in tissues like the liver,
heart or testes (when expressed per gm wet weight).

4(c) ZTissue distribution of cyanide-carbon after oral dose of Na'‘CN
One male rat weighing 350 g was given 16,6 umoles of Na'‘(CN

(specific activity 1,15 pei/pmole) orally, The appropriate dose in
0.2 ml agueous solution was mixed with 0,1 ml glycerol to improve
acceptability, The mixture (in 0,3 ml) was administered by a syringe
using the procedure described in Chapter II. Traces of the mixture
were lost during the administration,

Blood and tissues were removed from the rat 9 hr after the
administration, and the radioactivity in each tissue determined by
the same procedure as that described earlier for those rats given
an intraperitoneal injection of Na'*CN, In this case, however,
the stomach, small intestine and large intestine were separated into
wall and contents,

Table IX.4 gives the distribution of radicactivity in tissues
examined, The pattern of distribution of rddicactivity in most of the

tissues was comparatle to those observed after either subcutaneous



TAZLE IX

The amounts of '*C in the stomach wall and stomach contents of

one rat after subcutaneous injection of Na''CN,

Weight % of dose in tissue

T™issue
or content
Stomach
wall 2 005 9 .11

Content 0.58 13,16




TABLE IX.h
Amounts of "'C in tissues after oral dose of Na'‘CN to rat, Ome rat,
weighing 350 g wae given 1€,6 pmoles of CN™ orally; specific activity
of dosed material 1,15 uCi/pmole; animal was killed 9 h after

administration,
Tissue iet veight » dosed . dosed
g) activity activity
per g tissue per tissue
Mood® 22,30 (=1) 61 13,65
Heart 1,22 0,12 0,15
Spleen 0.k 0.5 0406
kidney 2.27 0.33 0u7h
Lung 1.72 Ce30 G5
Liver 12.59 0,2 3459
Moele” 139,00 0407 9435
w Sabasira 2.80 0.03 0,09
plus conteats 5«77 Cell e73
Seall intestine
plus contcnta 8420 0,35 2,86
Stomach and
cont  nts 2.82 5466 15.95
Adirose tissue - 0,02 -
Testis 3,40 0e20 0,68
sye 0429 OelC 0.03
Salivary gland 1.92 Cel5 0s20
Total activity
in ticsues 48,69
Total excretion 20,32
Total 68,98

Bntal padioactivity was caleulated from body weight of rat (Altmam
=nd D:I.ttur. 196&).
""" mpans not debernined,
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or intraperitoneal injections, OCnce again, the gastrointestinal tract
contained a high proportion of the dosed radicactivity, A detailed
investigation into the distribution of radiocactivity between wall
and contents of the three regions of the gastrointestinal tract
revealed that most of the radicactivity was associated with the
contents (Table IX.,5). The percentages of radioactivity in contents
for stomach, small intestine and large intestine were 67%, 61x
and 59° respectively.
The total radiocactivity in the urine and faeces during the
9 hr period of the experiment was 20,31¢, Total radiocactivity in
tissues (excluding bone and fat) was 48.69., giving a total recovery
of 68,99%, The recovery of radioactivity in this case is about 10%
less than that recovered after intraperitoneal injection. This may
be attributed to losses of traces of the material during oral
administration,
4(d) Distribution of radioactivity in various cyanide metabolite
fractions
Tissues from rats killed after intraperitoneal injection of two
doses of £,3 ymoles Na'*CN were used for these studies, All
homogenized tissues were stored at -20° until required for analysis,
A known volume of the tissue homogenate was put into a tube with
a rubber stopper equipped with gas inlet and outlet tubes, O(ne ml
of B4 silicone antifoaming agent was added and the mixture acidified
to pH 3-4 by dropwise addition of 0,5M Hy5Q, . Four traps were
connected in series: (1) the first two containing each 6 ml 0,02M
Age S0, in O,05M HeS0, ;3 (2) the last two containing each 5 ml 0,1M
NaOH, Cyanide and carbon dioxide were transferred over a period of

b5 min by aerating with oxygen-free nitrogen at a flow rate of between



TABLE IX,
Distribution of radiocactivity in various regicns of the

gastrointestinal tract after oral administration of Na'‘CN,

Tissue Weight ;- of dose in tissue
or contents

Stomach wall 1,79 5426
Contents 1,03 10,69
Small intestine wall 6,10 1,11
Contents 2.10 1,75
Large intestine wall 3.07 0,30

Contents 2,70 0lt3
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700 and 800 ml per minute, The silver sulphate traps removed the

cyanide to give what was called the CYANIDE FRACTION, while carbon
dioxide liberated was trapped in the NaOH absorbers and called the
CARBON DIOXIDE FRACTION,

Trichloroacetic acid (20° solution) was added to the same
sample of tissue, from which cyanide and carbon dioxide had been
removed, to zive a final concentration of about 7¢, The protein
precipitated was centrifuged, precipitate washed with 5 ml distilled
water, and centrifuged again, The precipitate was weighed and called
the TCA PRECIPITATE FRACTION (TRICHLOROACETIC ACID PR.CIPITATE FRACTION ).

The combined supernatant and washing were transferred to the
same aeration tube and 1 ml 0,01M potassium permanganate (or twice
this volume in some cases) and 1 ml O,1M HeSC, were added. After
allowing 3 minutes for full oxidation of thiocyanate to cyanide, 1 ml
of 2. stannous chloride was added to reduce excess permanganate,

The hydrogen cyanide formed was aerated into 5 ml O,1M NaOH by
sweeping with nitrogen as already described, The radicactivity in
the NaCH trap in this case was called the THIUCYANATE FRACTION, while
that remaining in the aeration vessel was called the SUPERNATANT
FRACTION. .

The radicactivity in each sodium hydroxide trap and in the
trichloroacetic acid precipitate were determined by solubilization
in NCS as already described (Chapter II),

However, the radiocactivity in the silver sulphate traps could
not be determined directly by solubilization in NCS since the silver
was found to cause serious guenching, Accordingly, 5 ml 11M He S0,
were added to 10 ml of the contents of the silver sulphate trap in

a test tube which was then connected to an aeration train consisting
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of a tube containing 10 ml 0,05M He50, and the usual collection tube
containing 5 ml O,1M NaOH, The hydrogen cyanide was aerated into
the alkali by sweeping with nitrogen at a flow rate of between 700
and 800 ml/min for 1 hr, Amounts of radiocactivity in the NaOH trap
wvere determined as already described in Chapter I1I.

The distribution of radioactivity in the various cyanide
metabolite fractions of rat tissues is given in Table IX,6, The
largest proportion of cyanide carbon in each tissue was present in
the thiocyanate fraction, The 'TCA precipitate fraction' also
contained large amount®s of radicactivity, and part of this could be
due to extensive binding of thiocyanate ion to protein, Although the
radicactivity in the cyanide fraction in each tissue was generally
very much lower than that present in the thiocyanate fraction,
relatively higher proportions were found in heart, muscle, brain,
testes, large intestine and salivary glands compared with other tissues
like liver, kidney ete, The activity in the supernatant fraction
represents that incorporated into other tissue metabolites like
formate, amino acids ete, (EBoxer and Rickards, 1952).

The amounts of radioactivity in the cyanide and thiocyanate
fractions (of each tissue) expressed as percentages of total dose
injected are given in Table IX,7. The highest amount of thiocyanate
is present in the stomach plus contents where its concentration was
about 470 times that oi cyanide, The total amount of radiocactivity
in all tissues examined expressed as a percentage of total injected
dose is about 504 (Table 1X,1), Therefore, the total thioc,anate in
these tissues accounted for about 70. of the amount present, Cyanide
on the other hand accounted for cnly about 2: of total activity in
tissues examined,

The proportion of radioactivity in the thiocyanate fraction of

stomach contents was investigated in the rat killed 9 hr after



TABLE IX,6
Distribution of radicactivity in various fractions after injection

of Na'*CN (mean values + 8D, N = 3),

Tissue

CN SCN™
B.'l.oodb 3"":0.% 5"."531?-.2'!
Hoart 15.6442,87  55.38+4,18
Kidney 1 .71:0.38 79 69:2022
Lung 2-37_00.13 ?3.97:1 22
Liver 1.%:0.81 59-35:?.“0
thscle” 10,2640,55  69.43+3,17
Brain 9.15+1,49  78.3841,10
Stomach and
contents 0059':0.21‘ 8“.07:5.78
Small intestine
and contents  3.57+4,29 52.80+4,19
Large intestine
and contents 8.86:12.62 5?.53:110?9
Testis 14.4148,05 67 074114
Eye 2,8340,52  64,94+10,3h
Salivary
gland* 3-13:505 5801'0:2.76

COp
2,3440,29
243340.22
0.4140,18
0416+0.06
4,7540.62
043640,06
2.88+0.04

00%20.15
2.9943.27

1 .32:2.21

543841,38

Trace

6,5840.95

preci

TCA
34434411468
21,98+8,60
14,84+2,81
14,9840,76
19.02+3.19
12,5641.29

6403+1,10

5 07}:0 73
29.86+3.5%

26,0348,27
4,2243,64
32,2449.83

15,4140.85

tate

Fractions, as © _of total activity in sach tissue

Supernatant
3.4841,62
545640426
84924019
545240433
942940,88"
8.1350,43
644341,16

60”33.”
8.57:5.&

10,10+9.80
0.4940,85

Brotal radioactivity was calculated from body weight of rat

(Altman and Dittmer, 1964),

*ns=2



TABLE IX,7
The radicactivity present in cyanide and ihiodyanate fractions of

the rat tissues after imtraperitoneal imjections of Na'*CN, .

Tissue ; Fractions, as . of total injected Ratio of SCN~
T radicactivity to CH
Cyanide Thiccyanate
Blood” 08 . 6,09 16,0
Heart ) 002 - - 0,08 . ho
Kdmey . . - 0.0L e 089 590
g . - 001 v, - 0.3% - . %0
Liver 0,06 S 189 . - 3.5
Musole® '_m - 1416 e 7.86 - - 6.8
Brain C 0,08 0467 T 8.
Stomach plus ' e
contents 0,11 j oL 1sa o g7 b
Small intestine. ' .,-'. L | L C
plus contents 0.07 S 1.02 - - 14,6
large intestine'ﬂ. i : . | S
plus contents 0.09 - 0,58 - .+ 6.h
Teatis - 0.10 S o8 s 4,8
Bye o002 0.07 R
salivary gland* 0,07 0.6 - - ¢ 2,3

L

Protal radiouctivity was caleulated from body weight of rat
{Altman and Dittmer, 1964), o '
* From twe rats, after subcutaneous and oral administration of Na'*CN

respectively.-'_i
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administration of cyanide by mouth, and was found to account for
about 79/ of total activity in contents (Table IX.,8). This value

is only slightly lower than the &3. obtained for the stomach contents
of the rat given Na''CN subcutaneously (Table IX.9),

k(e) Rate of secretion of thiocyanate into the rat stomach
Twelve male rats were used in these studies, They were divided

into four groups of three (Sq, Se, 5y and 5, )s Each rat had been
reared on diet 41B until about five weeks old when each was transferred
to the basal soya bean meal diet, After one week, potassium cyanide
was added to the diet of all groups to provide 77,0 ymoles/rat/day.

The method of administration of potassium cyanide in the diet without
loss of added material has been presented in Chapter III, =Hach rat

in every group was on the potassium cyanide supplement for at least

21 days, after which each received 4 umoles of Na'‘Cli (specific activity
1.15 pCi/umole ) by subcutaneous injection, Immediately after injection,
the time was recorded and the rat placed in a metabolism unit

(described in Chapter VIII), The radiocactive dose of cyanide was

given to one rat at a time. Animals in group 54 were killed 10 minutes
after the dose of Na'*CN while those in groups S, 5y and S, were
killed after 20, 30 and 60 minutes respectively, Blood was removed

by heart puncture (while rats were anaesthetised with Halothane)

into a heparinized syringe, and the stomach of each rat carefully
dissected out, rinsed, blotted dry and weighed. The blood was
imnmediately chilled with ice and then centrifuged, Plasma was removed
and analysis of cyanide and thiocyanate content started within 5 nins,
The methods used for the analyses of cyanide and thiocyanate were as

already described in this chapter, The stomach was dissected open



TARLE IX,8

Proportion of radicactivity in the cyanide metabolite fractions

of the rat ctomach contents after oral dose of Na'*CN,

Fraction Radioactivity as ,i of
S total in contents

Cyanide _ 3.9

Thiocyanate - 78,7

Carbon dioxide T 06

Remaining activity 13.1 |




TASLE IX
Proportion of radicactivity in the cyanide metabilite fractions

of the rat stomach contents after subcutaneous injection of Na'‘CN,

Fraction Radioactivity as % of total
in contents

Cyanide Trace

Thiocyanate 82.9

Carbon dioxide 0.6

Remaining activity 17.0
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and the contents rinsed out thoroughly into a clean beaker. The weight
of the stomach wall was recorded and that of the contents determined
by difference (by substracting weight of stomach wall from weight of
stomach plus contents), The stomach contents of each rat were diluted
to a known volume and stored with stomach wall in screw capped
tottles at -20°, Analyses of the thiocyanate content of the stomach
wall and stomach contents were carried out within one week of removal.

As shown in Table 1X,10, '*C-thiocyanate was secreted into the
stomach contents at a very rapid rate, One hour after injection of
Na''CN, approximately 16¢ of the dose injectéd was present in the
stomach contents as thiocyanate., This amount of thiocyanate accounted
for about 88: of total radiocactivity present in the contents,

Although an increase in thiocyanate content was observed in
the stomach wal! (Table IX,11) with increase in the time between
injection and death of the rat, this was generally much lower than
that present in the contents at the same time after injection,

By 10 mins after the injection of Na'*CN to the rats, 5 of
the radiocactivity was found in the plasma (calculated from body weight
of rats, Table IX,12), of this about 804 was present in the thiocyanate
fraction while less than 1’ was present in the cyanide fraction,

The total thiocyanate fraction of the plasma appeared to reach
a peak at 20 mins after the injection of Na'*CN, There was only a small
fall in the total thiocyanate content of plasma by 60 mins, but it

was statistically significant (P = 0,01),

5« Discussion
The distribution of a compound in tissues can be influenced

by several factors, including the age and sex of animal and the dose

of the compound administered, If the method of administration is an



TALE IX,10
Radicactivity in the thiocyanate fraction of stomach contents of the

rat after subcutaneous injection of Na'‘CN, BEach rat was injected
with & pmoles of CN™; specific activity 1,15 uCi/pmole,

Time after injection Radicactivity as  of injected dose

(ﬂn.’ 4 5,6,Myyn=3
Total in"Stomach Thiocyanate
contents fraction
10 1.’ : (/18 § 1,2 : Ol
2 3.9 : Ok Bl : Okt
%0 941 + 2,3 744 & 147
60 18,5 + 2.2 16,2 + 19




TAULE IX,11
Radicactivity in the thiocyanate fraction of stomach wall of the

rat after subcutaneous injection of Na''CN, EHach rat was injected
vith 4 ymoles of CN"} specific activity of injected material
1,15 uCi/umole.

Time after injection Radicactivity as © of injected dose

(mo) : SEMegn = 3
Total in Stomach Thiocyanate
Yall fraction
10 0.82 + 0,09 0464 + 0,06
20 1,06 + 0,06 0,85 ¢ 0,06
30 1.64 + 0,32 1.36 + 0,26
60 2,12 + 3 1,77 + 0416




TABLE IX

Radioactivity in plasma cyanide and thiocyanate fractions after
subcutaneous injection of Na'*CN to the rat, Lach rat was injected
vith 4 ymoles of CN™; specific mctivity of injected material

1,15 pCi/pmole,

Time after Radiocactivity as . of injected dose
mm : SJ.".. ne 3
(min) Total per Thiocyanate Cyanide Total phﬂ
ml plasma fraction fraction thiocyanate
(per =l (per ml
plasma) plassa)
10 0.7240,09  0.5740,09 040540402  5,4240,66
2 049640405  0.8140,00 0402460400  7,0640426
30 0,8640,12 046540407 040340,01  6,6940,50
60 0,8340,06  0,5840,03 0,0240,00  5,7640,11
b,

Calculated from body weight of rats (Altman and Dittmer, 1964),
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unnatural one, such as intraperitoneal or intravenous injection,
this too can influence the distribution pattern obtained,

The '4C levels in all tissues examined after the administration
of Na''*CN to male rats by the three independent routes (oral
administration and subcutaneous or intraperitoneal injections) have
been presented. There was a good deal of similarity in the pattern
of dietribution of radiocactivity 9 hr after administration of Na'*CN
by the three separate routes,

Recently, Crawley and Goddard (1977) have worked on the
distribution of cyanide carbon in tissues and on the retention and
excretion kinetics., They administered K'*CN to female rats by three
independent routes (intravenous injection and pulmonary or gastric
incubation), Their data confirm that the distribution of cyanide
carbon ie inderendent of the route of administration (a few differences
in tissue distribution of '%C-cyanide were observed however, after
skin absorption), Although the dose levels employed by these workers
were at least 450 times less than those employed here, the patterns
of distribution of radiocactivity in tissues were very similar, It is
therefore unlikely that the distribution pattern of cyanide carbon
will be influenced by any non-acute dose of cyanide,

The highest uptake of radiocactivity was observed in the
gastrointestinal tract particularly the stomach, The ratio of
radioactivity in tissue plus contents at 9 hr for stomach: small
intestine:large intestine was 19:2:1, Since the radiocactivity in the
gastrointestinal tract is largely associated with the contemnts, it is
very likely that the initial concentration of this activity occurs
in the stomach and that activity in the lower region of the gut is due

to themvement of the stomach contents down the gut,
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It has been observed in animals killed by an acute dose of
cyanide that a selective uptake of this radical occurs in the brain
(Ballantyne et al., 1972; Ballantyne, 1975), The cyanide radical
present in all tissues examined 9 hr after administration of a
non-acute dose of Na''CN was generally around 0,1+ of dose or less and
that in the brain was only 0,074 of dose injected (Table IX,7). Thus,
it is clear that any selective uptake of cyanide radical that may have
ococurred in the brain was extensively removed and detoxified to
thiccyanate over the 9 hr period,

The discovery that dimethylnitrosamine was acutely hepatotoxic
to a number of laboratory animal species (Barnes and Magee, 1954)
led to the subsequent investigation of its possible carcinogenic
action (Magee and Barnes, 19550), Magee and Barmes (1955) observed that
rats on a diet containing 50 ppm dimethylnitrosamine developed malignant
liver tumors within less than a year, Since this observation a number
of papers have appeared on the carcinogenic activity of not only
dimethylnitrosamine but also a wide range of nitrosocompounds.
Excellent reviews on the carcinogenic action of different nitroso-
compounds have been published (Druckery et al., 1967; Magee and Sarmes,
1967 ).

Nitrosamines are formed by the chemical reaction between

nitrous acid and the respective ulkylamino compounds,

n\mz+m-—————+n\n-u-o+u.o
e | 4

Since secondary amines and nitrite are present in a number of food
sourcee (Lijinsky and Lpstein, 1970) there has been increasing
interest in the possibility that nitrosamines can be formed in vive

and so give rise to tumours in individuals not apparently exposed to



nitrosamines per se.

Mirvish (197C) hae studied the nitrosation of dimethylamine
in buffered aqueous solution using tritium-labelled amine, In an
agueous solution containing 0,02M (CHy ) NH,HCL 0,1M NalCp and
0,05M NaCl, maximum yield of nitrosamine occurred at pH 3,4, It is
therefore not surprising that most of the work on the in vivo
formation of nitrosamine has concentrated on the stomach as a possible
site of synthesis (Sen et al., 1959; Sander et al., 1967), Indeed,
there is now evidence that nitrosamines are formed in the stomach of
rodents (Sander and BHirkle, 1969; Mirvish et al,, 1972 and 1i jinsky
et al., 1973),

It is now known that the nitrosation reaction is catalyzed by
some anions, particularly thiocyunate (Ridd, 1961; Boyland et al.,
1971). Boyland and Walker (197%) have shown that at pH 1.5, 1.0 mM
thiocyanate increases the rate of reaction about 550 times, Under
these acid conditions (below pH 2,0) the nitrosation reaction rate is
proportional to the concentration of (1) mitrite; (2) thiocyanate; and
(3) amine, At pH 3,5 and greater, thiocyanate has less catalytic
action,

It has long been known (Crandall and Anderson, 1934; Manson
et al., 1951; Logothetopoulos and lyant, 195C) that thiocyanate is
concentrated into the gastric juice of animals, It is also well
known that thiocyanate is the main detoxification product of cyanide
in animals (Lang, 1894) and that is largely excreted in the urine
(Boxer and Rickards, 1952)., So far as is known, the work described
in this chapter is the only study carried out, to date, to eatablish
if thiocyanate is concentrated in the stomach of animals following
administration of cyanide, Although Crawley and Goddard (1977)
observed the concentration of radicactivity in the stomach of female
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rats after administration of K'*CN, these workers did not identify
the chemical nature of the concentrated material, The results
reported here confirm that the radiocactivity concentrated into the
stomach contents following administration of Na'*CN is mainly
thiocyanate,

The secretion of thiocyanate by the stomach was found to occur
very quickly after the subcutaneous injection of Na'*CN and to proceed
at a very rapid rate, To the experimental points (Fig,IX.,1) for the
rate of secretion of thiocyanate into the stomach, a straight line
was fitted by the method of least squares (Fix,IX.2)., This manipulation
is not wholly justified in that it ignores any reduction of thiocyanate
in the stomach contents through passage on to the intestine, but the
reasonably good fit of the points in Fix,IX.2 indicates that the
basic assumption is not very wrong., The rate of secretion of
thiocyanate from the slope of the straight line was 0,31¢ of cyanide
dose per minute, and the time of initial secretion of thiocyanate
not more than 7 mins,

It is important tc recall that the rats used in these
experiments had been exposed to chronic ingestion of cyanide in the
diet and hence had elevated thiocyanate in plasma (Chapter III).
Furthermore, it has been demonstrated in Chapter VIII, that when rats
exposed to chronic cyanide intake in the diet were each given 0,06
moles of KS''CN (lese than 1/1000 of daily cyanide ingested), by
mouth they excreted large amounts of the radicactivity in the urine
and only small amounts in the faeces, This indicates that the
thiocyanate secreted into the stomach must be reabsorbed in the lower
part of the gut into the body fluid, to be partly exereted in the
urine and partly resecreted in the gastric juice, Thus in the rat,
there is a gastrointestinal circulation of thiocyanate linked with

the body thiocyanate pool,
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The salivary gland of many animals is known to concentrate
and secrete thiocyanate, The rat salivary gland is different since
it was observed not to concentrate this radical, A similar
observation was made by lLogothetopoulos and Myant (1956). Thus the
thiocyanate concentrated in the stomach of rats cannot be due to
swallowed saliva, .

A number of investigators (Boyland and Walker, 1974; Ruddell
et al., 1977) have observed that thiocyanate was present in the
stomach of humans, and that larger amounts are found in smokers
compared with non-smokers, Ruddell et al. concluded that the
thiocyanate in the gastric juice was exogenous, and probahly
salivary in origin,

As logothetopoulos and Myant (1956) found that other species
besides the rat can secrete thiocyanate into the gastric juice, it
seems probable that part of the thiocyanate found in the stomach of

humans may be due to gastrointestinal circulation of this radical,



CHAPTER X
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CHAPTER X
General Discussion

The results of the investigations described in this thesis
have already been discussed in detail in the relevant chapters, The
purpose of the general discussion is therefore to stress the main
findings of the work described and to make suggestions for future
research,

Much of the research on the metabolism of cyanide in animals
has been centred on the evaluation of antidotes for cyanide poisoning,
Only very limited work has been done on the metabolism of small
amounts of cyanide and on the nature of chronic cyanide
intoxication in animals,

One of the main reasons why we know little about the metabolism
of cyanide i= because it is generally accepted as a very lethal
substance, This view is not wholly correct since it is well known
that the intake of small amounts of cyanide over a prolonged period
will not cause death, When a dose of cyanide which will normally
cause death when ingested in a single dose is taken over a prolonged
period of hours, death may not occur, This is because, given time,
the animal is able to convert cyanide to relatively non-toxic
thiocyanate and other substances, Thus, although cyanide is regarded
as a highly toxic substance, it is much less harmful when given
semicontinuously in the diet than vitamins A and D, which are
generally regarded as beneficial,

Most investigators have evaluated the toxicity and metabolism
of cyanide present in foodstuffs largely by feeding diets containing

cyanogenic glycosides to experimental animals., Yhen #norganic cyanide
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has been given to exp-rimental animals over a period of days, it

has been administered in dilute solution by repeated injections.

The use of inorganic cyanide for cyanide metabolism studies has the
advantage that the cyanide administered is fully available as opposed
to cyanogenic glycosides in which the cyanide is not completely
liberated in the animal body,

Other workers have administered inorganic ecyanide to
experimental animals by injection - a method which is physioclogically
differeat from the normal mode of ingestion. The only published work
in which potassium cyanide was given in the diet is that of Clark
(193 ), and he seemed to be unaware of the loss of cyanide from the

diet, The work described in this thesis has established that
potassium cyanide cannot be recovered when added to the diet of
experimental rats which has been moistened with water as is customary
when powdered diets are fed, Investigation revealed that the cyanide
was lost by transformation to other products, and perhaps also to
volatile HCN, A preliminary study revealed that a number of products
may be formed, including formate, which could be a major one, Further
studies on the nature of cyanide transformation in diet to which water
has been added, may prove intereasting, Knowledge acgquired from such
studies might help to improve the method of cassava processing with
a view to reducing its cyanide content,

When inorganic cyanide was added to the diet mixed with arachis
0il instead of water, no significant loss or transformation of the
added substance occurred, This method will therefore be very useful
in the study of the effects of regular intake of small amounts of
cyanide in the diet (a mode of ingestion related toc the normal mode)
especially as the administered cyanide is fully available to the
animals.
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Previous studies on the distribution of cyanide in the tissues
of animals have been concerned with the distribution of cyanide
radical per se, rather than on the distribution of cyanide carbon
and hence its metabolites, furthermore, these earlier studies only
involved use of animals killed by acute cyanide doses,

Under conditions where cyanide is taken semi-continuously
over a prolonged period, no cyanide could be demonstrated in tissues
by known chemical methods, This is because cyanide is rapidly
metabolised in animals largely to thiocyanate, A study of the
distribution pattern of '*C activity, 9 hr after Na'*CN injection,
was carried out in the rat exposcd to semi-continuous intake of
potassium cyanide in the diet for three weeks, Analysis of the
activity in the respiratory air during the 9 hr period revealed that
a large proportion of the expired radicactivity was associated with
the carbon dioxide fraction (864) and only a small amount was found
in the free cyanide fraction (1%:), The only previous major study
on the elimination of cyanide carbon in breath (Boxer and Rickards,
1952) after subcutaneous injection of '*C-labelled sodium cyanide in
rats showed that 905 was '*C labelled COy and 10: unchanged cyanide,

All tissues examined 9 hr after the injection of Na'‘CN
contained radioactivity, but a high proportion of the cyanide carbon
was found to be secrcted into the stomach contents as thioccyanate,
When a small amount of ["*C] thiocyanate of high specific activity
was given to the rat (ingesting 77 ymoles of KCN daily for three
weeks ), the radical was largely excreted in the urine and only very
small amounts were found in the faeces. Since the rats used in these
experiments had elevated plasma thiocyanate levels (as they had been
on a diet containing cyanide) it was clear that the thiocyanate in

the stomach contents must be reabsorbed in the intestine into the
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body to be partly excreted in the urine and partly resecreted into
the gastric contents, Thus, these studies have established that
there is a gastrointestinal circulation of thiocyanate in the rat
and that this is linked with the body thiocyanate pool,

A study of the proportion of cyanide and thiocyanate in the
tissues of the rat 9 hr after administration of cyanide revealed that
the largest amount of cyanide carbon in every tissue examined was in
the form of thiocyanate, Furthermore, since the rate of secretion
of this radical (thiocyanate) into the stomach contents was very
rapid, it was clear that detoxification of cyanide was occurring at
a fairly rapid rate in vivo., As the body pool of cyanide was found
to be very small under conditions of chronic ingestion of this
substance, it would appear likely that chronic cyanide toxicity is
due to thiocyanate rather than cyanide,

Smith and Foulkes (1966) claimed that urinary excretion of
thiocyanate is decreased in the rat, following chronic administration
of cyanide over a prolonged period of weeks, They therefore
suggested that a substrate saturation phenomenon was operative in the
rat after chronic cyanide administration, In Chapter VIII, it was
shown that groups of rats on 77 umoles of cyanide per rat per day
did not reveal any decrease in thiocyanate excretion as a result of
daily intake of this radical for three weeks, Furthermore,
thiocyanate was the major metabolite of cyanide in all tissues of the
rat (previously exposed to chronic cyanide ingestion for three weeks)
examined 9 hr after administration of ['*C] cyanide,

On the basis of the observations made to date, the following
hypothesis on the metabolism and toxicity of cyanide seems plausible
(Fig. X,1)., Ingestion of cyanide leads to an initial high level of

this radical in the blood and tissues, The occurrence of acute
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Gastrointestinal circulation of thiccyanate in the rat,
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toxicity (commonly leading to death) depends on the level of cyanide
ingested, vwith a non lethal dose of cyanide, respiratory arrest

does not occur and the animal is able to form relatively large
amounts of thiocyanate by the action of rhodanese in tissues, mainly
liver and kidney., Thiocyanate in itself is toxic at high
concentrationa, but it is secreted in large amounts into the stomach
contents, The secreted thiocyanate iz carried down into the intestine
along with the gastric conteats, In the intestine, the thiocyanate
is largely reabsorbed into the body fluid to be partly excreted in
the urine and partly resecreted into the gastric contents, The
bioclogical importance of this ga:trointestinal circulation of
thiocyanate in the rat is not clear, logothetopoulos and Myant (1956)
have reported, however, that the concentration of thiocyanate into the
gastric juice probably begins in foetal life, It is tempting to
speculate that animals may have evolved the gastrointestinal
eirculation of thiocyanate as a means of resmoving this radical from
tissues where it might be more toxic, while allowing time for its
elimination in the urine, llovever, the possibility exists that this
gastrointestinal circulation of thiocyanate may have a physiological
role in the animal especially as it is known to inhibit gastric HCl
secrotion,

The mechanism of secretion of thiocyanate into the stomach
contents is not clear, Originally, it was suggested that thiocyanate
decreased gastric HCl secretion by virtue of its action onrn cardonic
anhydrase (Sakshaug et al,, 1965). However, subsequent work rendered
this explanation untenable (Sakshaug et al., 1965; “ander et al., 1968),

LeFeure ot al. (1964) proposed that the inhibitory action is dejendent
on the presence of a nitrogen with a pair of unshared electrons, which
complexes with a metal associated with an enzyme essential for n

secretion, lecently, Sanders et al. (1978) have suggested that
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thiocyanate inhibits B' secretion by virtue of its action on the
molecular machinery.

Regardless of the mechanism of action of thiocyunate as a
gastric acid inhibitor, it is clear that this radical is secreted
in large amounts into the stomach contents and that this could act
as a catalyst for the nitrosation of amines in the stomach,

A thiocyanate concentration of 1 mM reducee the optimal pH
for the in vitro nitrosation of Nemethylaniline from pH 3 to 1.5
and accelerates the reaction by 550 times (Boyland and walker, 1974),
It is difficult to decide what would be the effective concentration
of thiocyanate in vivo, but it seems reasonable to conclude that if
nitrosation is occurring, it willbe greatly accelerated in the
stomach of animals or humans consuming cyanide,

The amount of nitrosamine formed in the stomach is proportional
to the concentrations of (1) nitrite; (2) thiocyanate and (3) amine,
Before deciding whether thiocyanate is of importance in human
carcinogenesis, in those parts of the tropics where diets containing
cyanogenic glycosides are consumed in large amounts, a detailed study
of the nitrite and secondary amine content of foods consumed in

these areas is clearly necessary.,
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