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This work is an attempt to provide & biochemical raticnale
for any clinical changes which may occour during the treatment of

patients suffering from the toxic amblyopias, particularly tohacco

ramblyopia and Leber's hereditery optic atrophy.

Cyanide is presumed to be an important cause of the %isual
failure found in these conditions, and the patients may have a defect
in the mechanism for the detoxification of cyanide. The mejor
metabolite of cyenide is thiocyanaste, and measurenents of plasme
and wrinary thilocyanate therefore provide e convenient guide to
the patients' metabolism of cyanide,

The previously unsatisfactory colorimetric procedure for
thiocyanate has been improved following the sugeestions of Bark &
Higson (196L), The m&thoé for cyenide estimetion is still not
compl@faly satlsfactory, but is now preatly inproved by the intro-

duetion of

a microdiffusion technigué, uvsing the Berk & Higson .~ . ..
colour reaction,

Measurements were made of plasma thiocyanate levels in e
group -of 20 normel smokers, and were significantly higher than those
in a group of 10 normel non-smokers (P < 0,025),

The levels of plasma thiocyanate in 18 untreated tobacco
amblyopia patients and in 12 untresfted Leber's hereditery optic atrophy

patients were found to be sipgnificantly lower than those found in the



normal smokers (P < 0,001), An impairment of thiocyanate excretion
wes also observed in these patlents.

After & months intramuscular hydroxocobalamin therapy, the
plaspa thiocyanate levels of these patients rose significantly end

approeched those of the normel smokers, There were also increases in

‘urinery thiocyanate, improvement in thiocyanate excretion and

improvements in visglon.

Seven tobacco amblyopia patients were treated with an oral
preparvation of hydroxocobelamin, After 4 months, 3 of the group
showed increases in plasma and urinary thiocyanate gimilar to that
obtained with the intramuscular therapy.

Six tobacco ambilyopia patients were treated with an oral
cystine preparation at a dose of 4.0 gm. per day. After 4 months
treatment, there were similar increases in plasma and uvrinary thio=
cyeanate, and satisfactory wvisual improvement in 5 of the groupg

| Usineg a fluorometric procedure, red cell glutathione levels
were measured in 32 tobacco amblyopile patients and were found to be
significantly lower than those found in 34 normal (non-smblyopic)
subJjects of similer ages (P< 0,01). Sequentisl measurcments of red
cell glutathione and plasma thiocysnate were made in patients
receiving treatment, and the results suprest a possible relation-

ship between these two factors.
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SECTION ONE,

GENERAL TRIROUUCTTON

BICCHRIICAL ASPECIS OF THE STUDIES

Cyanide ions sre chemically and biologiceally very sective,
and are normally quickly metabolised to less toxic compounds. The
measurement of cyanide in plasme is difficuliy dboth in the technique
required, and in the meaningful interpretation of the resulis.
Studies of the metabolism of cyanide are therefore best carried
out indirectlys by examining the more stable products of its
detoxiflcation.

Although the ultimate metabolite of éyanid@ is carbon
gioxide in expired air, the major proporticn of exogenous or
endogenous cyanide is excreted in the urine as thlocyanate, {formed
by combination with some sulphur soures within the body. Both
these substances may also enter the body from ceriain exegenous
sources (e.r. dieb, tobacco smoka, etc. ), CveniQe mey also be
produced from certain bacterial growth within closed cevities, such
as urinary diverticula, and intestinal Blind locps; (see Fiéa Te)e

The conversion of coyenide to tiriocyanate is accomplishe
snzymatically, by thiosulphoate cyﬁnide sulphurtraoserase

v 5

(B.C.2.8.1.1.), also known as rhodanese (Lang;K.,1935), and by

~mercaptooyruvate : cyvanide sulphurirensferese (B.C.2.8.1.2.
£ 'Y
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e
(Piedler & Wood,1956). This conversion has been shown to take
place in the mucosa of the alimentary tract, in the liver, in the
kidneys as well as in other tissues (Clemedson,Sorbo, & Ullberg,

1960) (see Figs. 1-1. & 1-2.).

transamination
Lecysteing mecoemmemwcewesy Jenercapiopyruvete —----3 thiosulphate +
+ 807 pyruvate
3
&
L \ o
CN  + \ CN +
sulphur '
. transferase v rhodanese
v v -
SCN  + Pyruvate SOE + SCN

Fig, 1=2, = Enzymatic Conversion of Cyanide to Thiocyanate,

Another independent way in which qyani&e may be détoxified
is the resction wilth cystine to yleld cysteine and B-thlocyano-
alanine (Voighlin et al.,1926). Later workecs showod that the
latter tautomerises to 2-aminothiazolidine-b-cerboxylic acid
(SchoberlKawohl, & Hemmy1951), or to the eguivalent 2-imino-l-
thiszolidine carboxylic acid (Wood & Cooley,1956), The B-thiocyano-
alanine mey also undersro deamination to foim thiocyanopyruvate,
which can be deprsded to pyruvete. (see Figs, 1-1. & 1=3.), The
cystine may be derived from other sulphur-containine awmino aclds,
such 8s methionine, homocysteines, cystathiondne, end cysteline,
or. from cystine disulphlde residues in proteins (Catsimpoolas &

Wood,196k.),




s-mcH2CH( NH?)CDOH NOSCHchGDOH CHZ-fH. COOH  CH,~CH, COOH
‘ =~ & ON == l nip \ fxy l l
S-—CHZCH(I‘H*Iz)GOOH NH, S\ //N S /xm

I i

NH, NH

Pig, 1-3, = Detoxification of Cyanide with Cystine,

i

Cyenide mey also be incorporated into the 1-carbon
metabolic pool, perhaps via combination with hydroxocobalamin

(Boxer & Rickards,1952; Wokes & Picard;1955). (see Fig. 1~1,)
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Deboxification of Cvanide with Bhodanese

In 1932, Laner discovered an enzyme which catalysed the
conversion of cyanide to thiccyanate in the presence of thiosulphate
(Long,K.31933), He nemed the engyme "rhodanese", the ending "ese®
implying that the conversion is a synthetic, irrveversible process,

thus =

HCN « I\Ia28203 o s v » HSCN + NA,SO 3

Thisg enzyme ls particularly active in mammalian 1liver and
kidney, but has alzo been detected in most mammalian tissusgs
(Hinwich & Saunders;]948;Benard et al,,19%8;Saunders & Himrch,
1950). Rhodanese activity hes also been reported in plants, and in
a nunber of bacteria, In maumalian tissues,; rhodanese is mainly
associated with the mitochondria (Ludewig & Chanutin,950;Sorbo,
1951a),

The enzyme is inhibited by cyanide and sulphite, 1f they
are added to the enzyme prior to thiosulphate (LaneK.s1949;
Saunders & Himwieh?1950;80rbogi951&); and inhibition by these
compounds is prevented by cysteins (Sorho,1951a). Feunders o
Himwich propés@d that the engyme formed a loose combination with
thiosulphate which then bresks down to yield sulphur in a form

acceptable %o the cyanide ion. They explained thet the inhibitory




=
effect of certein sulphur-containing compounds such as sodium
sulphide, dithiobiuret and cysteine could be due to the blocking of
fhe'enzyme so that it can not combine with thiosulphate.

Sorbo (1951h) sugrested that rhodanese contains an active
disulphide group (rather then sulphhydryl groups) which could
account for the fact that cyanide and sulphite both inhdibit
rhodanese when added before thiosulphate, reacting with the
enzyme to form inaétive compléxes,‘. )

 Szezepkowski (1961a) sugeested that a double displacement
mechanism cowld explain the various reactions catalysed by
rhodanese., This was confirmed by Green & Westley (1961), who
showed polarographically that one mole of rhodanese rescts with
sulphiﬁe of cyanide to form two moles of thilosulphate or thio=-
cyanate, They concluded that the erystalline enzyme is a complex
(rhodanesem32)9 which containsg two atoms of labile sulphur per
mole, and which is formed from thlosulphate and rhodansse, the
overall resction b@ing described thus -

Rhodanese + 28303 wormeesee e Rhodanese -5, + 23@;

Rhodanesawﬁz 4+ 20N eoemoesewsd Rhodaness « 285CN

. Althoush Green & VWestley vwrite the second equation ebove
as a reversible reaction, Sorbo (1953¢) has confirmed the essentisl

irreversibility of the reaction. Westley & Nakemoto (1962) confirmed
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the existence of labile sulphur in rhodenese by demonstrating the
transfexr af[?ss]from radioactive thiosulphate to the enzyme.
Treatment of the labelled enzyme with cyanide, sulphite, trichlofo-
ascetic acid or heat released the[?58]; in the case of cyanide and
sulphite,(?SS}—labelled thiocyanate and thiosulphate respectively
were formed, From a kinetic analysis of thiccyanate formation by
rhodanese, Mintel & Westley (19662) were able to dsduce that the
scission of the suiphur-sulphﬁr bord is the rate~limiting step in
overall cyanolytic reaction.

Lang,K. (1933) sugrested that rhodanese may function in
mammalian tissues in cyanide detoxification, and this view has
been expressed by a number of workers from time to time. Bénard et
al. {1948) demonstrated that the toxic action of cyanide on yeast
respiration is reversed by liver extracts, in éhe presence of
thiosulphate, and a similar re-~activation of cyanide-inhibited
mammalian cytochrome oxidsse by rhodanese was reported by Sorbo
(1957¢). In T, denitrificans, rhodenese activity is incressed
several fold by the inclusion of cyanide in the growth medium,
indicating e possible role for this enzyme in cyanide detoxific-
ation (Bowen et al.,1965). There is no direct evidemce, however,
that the primary function of rhodanese is in cyenide detoxif-
ication, and, moreover; the bigh activities in some mammalian
tissues sppesr to be incongistant with the extremely low levels

of cyanide to which the orecahisms are normally exposed,
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Thiocvenate Qxidase,

Following upon the work of Lang,K. (1933), CGoldstein &
Rieders (1953) were able to show that the erythrocytes of men, dog,
rabbit and rat contain an enzyme capable of producing cyanide
from thiccyanate, the reverse of rhodanese action. They showed
that the new enzyme was not identlcal with rhodanese, borne out
by.the fact that fhodanese préparations did not catalyse the
formation of cyanide from thiocyanate, and that the optimum
temperature for the new enzyme of 5600.,completely inactivated
rhodenese., The enzyme described by Goldstein & Rieders is able to
form about 1 % cyanide from a given amount of thiocyesnate rather
slowly, even under optimal conditions, while rhodanese is able to
convert cyanide to thiocyanate almost guantitatively and with
great rapidity.

Bénard et el, (1948) showed that rhodesnese is present,
admittedly in negligible amounts, in erythroeytes, which Goldstein
and Rieders sugprested were the sole source of the new enzyme.

Since the new enzyme appeared to oxidise thiocyanate to
cyanide, Goldstein & Rieders decided that it might properly be
named thiocyenate oxidase,

Recently, however, this enzyﬁ@ has bean shown to be
merely dus %o peroxidase acltivity of haemoglobin (Chung & Wood,

1971) (see also IMde, 1=1a)
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J=mercaptopyruvate sulphurtransferase,

| Wood & Fiedler (1953) reported that 3~mercaptopyruvate

rescts with cyenide to form thiocyanate in the presence of crude
extracts of acetone powders of pilg liver (resction 1.). They
attributed this activity to rhodanese, but later work showed that
it is due to a seperate and specific enzyme (Sorbo,?1954;Fiedler &
Wood,1956), Miester et al. (1954) showed that rat Lliver and other
tissues convert 3-mercaptopyruvate to pyruvaie and elemental
sulph;r (resction 2.). Sorbo (1957b) demonstrated the transfer of
sulphur from 3-mercaptopyruvate to sulphite or sulphinates by rat
tissues to form thiosulphate and thiosulphonates respectively
(reaction 3.) These three desulphuration and transsulphuration
ectivities have since Deen shown to be catalysed by & single
enzyme, 3J-mercaptopyruvate sulphurtransferase (Kua & Fanshier,

1958,1959&;1959b) and may be represented thus « (Fige 1elis)e

CN;;\ ey SCN

CH . 4 S » CH
{ 2" ‘) | 5° | 2
0 s (2) - s
COOH #—— ( 3) R 3 LDOH _
- 30. 3 0
5 2°5
J-mercaptopyrovate pyruvate

The enzyme is present in many animal tissues and jn

bacteria and eppeosrs to be specific for J-mercaptopyruvale,
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Kun & Fanshier (1959b) and Fanshier & Kun (1962) proposed a
mechanism for 3-mercaptopyruvate sulphurtransferase involving
the formation of an enzyme~trisulphide or perstlphide., The latter
reacted either with an acceptor (CN—, Soz ), or decomposed to
enzyme and elemental sulphur. Sorbo (1957b) had eacrlier suggested
that the formetion of a persulphide intermediate and drew attention
to the fact that all acceptors for this reaction have strong
S-nucleophilic proberties. Hyiin & Wood (1959) showed that
3~mercaptopyruvéte sulphurtransferase raactszwith J=mexrcapto-
pyruvate to form a non-dialysable sulphur=-enzyme complex, which
can subsequently react with cyanide to form thiocyanate. On the
basis of these results, & double displacement mechanism similar

to that proposed for rhodanese appears to be indicated for 3-mewrcapto

pyruvate sulphurtransferass, thus -

RewSH & B commmcuned B8 + R-H
mercaptopyruvate pyruvate

B=5 4 acceptor =wmmemmo=b S-pcceptor + B
enzyme
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Detoxification of Cyenide with Cystine,

Cyanide may also be detoxified be reacting with cystine
to yield cysteine and B-thiocyancalanine (compound 1,) (VYoigtlin
et 8l.,1926). Later workers were able to show that the letter
teutomerises to 2~aminothiazolidine-h-carboxylic acid (compound 2.)
(Schoberl,Kawohl, & Hamm,1951); or to the equivalent 2-imino-iu-
thiazolidine carboxylic acid (compound 3.)

As

NCSNCHZnCHnCOOH HQCw—wCH-~CODH HQCwmmCH~=COOH

NH

= \/ S\C/NH

C »
s 8
2 ’
(1) (2.) (3:)

The chemical properties of thisg cyanide~cystine reaction
product have been studlied in greaf detall by earlier workers
(Schoberl & Hammg1948;A1dridee,1951 ;Behrinper & Zillikensz,1951),

of the structure as 2-imino-h-thiazolidine carboxylic acid (¥Wood &
LBULELD S LULLGE Ul VAT LOaULAULL PEUUUG U SU00L0 bou 4 Gl i vl

of the stfgcﬁuf@ as 2=imino-l-thiazolidine carboxylic acid (Wood &
Cooley,;1956), The compound was found to be metabolically inactive

when fed to rats or when injected, but, on treatment with acid, a

small amount of thiocyanate was produced, Wood & Cooley were

Purther able to prove that in ratss, 80-90 % of injected cyanide
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could be isclated in the urine as thiocyanate, and up to 15 % as
iminothiazolidine carboxylic acid, supporting eaxrlier work(Voigtlin et :
'1926) showing that cystine, injected into the bloodstream of rats,
immediately before a sub-cutancous injection of cyanide, wes able
to protect the animals from minimal lethal doses of cyanide, When
F5§]-labelled cystine was injected into the rat immediately before
the cyanide, Wood & Cooley were able to show that the specific
activity of the 2éimin0wkwthiézoliQine carboxylic acid was about
13 times that of the thiocyanate., Twenty three per cent of the
label wés in the iminothisazolidine and 2 % was in the thiocyanate,
Since cystine does not serve as a substrate for rhodanese directly
(see Fig. 1-1.), the lebelled thiocyanate must have been produced
subsequent to the metabolic alteration of the injected cystine.
When éh@ sulphur pool was labelled by feedinq[?5é]wlabelled
methionine; the most radiocactive product of cyanide detoxification
was thiocyanate,

Thiocyanate may also be produced from P-thlocyanoalanine
forméd by the reaction of cyanide and cystine. This compound may
underro deamination to form thioccyanopyruvate, which may then be

further depraded to pyruvate and thioccyanate (see Figy 1=1.).




Detoxiflcation of Cyanide with Vitamin B 12,

The fact that conditions such as menstruation, pregnancy.
and lactation, where there is an increased reguirement for vitamin
B 12, cause an increase in thiocyanate excretion,; makes it likely
thet vitamin B 12 may be involved, direttly or indirectly in the
formation of thiocyanate in the body. This was confirmed by the
finding that dietary deficiency of. vitamin B 12 leads to increased
thiocyanate excretion (Wokeg et al.,1955), and that injections of
sub-lethal doses of cyanide caused a significant depletion of the
rat liver stores of vitamin B 12, indicating that it might therefore
be an important detoxifying acent in cyanide poisoning (Smith,
1561).

| Study of the chemistry of vitamin B 12 and its analogues
has revealed the presence of cobalt in an organic co-ordinailon
complex, by means of which cyanide can be taken up. Spectrophoto-
motric studies on the effect of light on cyanoecobalamin revealed
a system thus -
Light

Gyanocobalamin e . 2 Hydroezocobalamin
o fon
CN

in which the cyanide is readily taken up end libersted eaccording
to the experimental. conditions, including pH and axpesure o

light (Verr et al., 1950;Wokes et al., 1953). The proposal by
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Mushett et al, (1952), that vitamin B 12 is an effective antidote
to cyanide poisoning in mice, even up to 8 times the normal
minimal lethal dose, dces assume thet the vitamin occurs in the
hydroxo~ form, which can be replaced by the cyano- form. Indeed,
Wokes et 2l. (1953) have shown that ampoules of cyanocobelamin,
purporting to hold 100 mg. of cyanocobalemin, contained varying
percentages of the hydroxo- form.

Undoubtediy, some oﬁ'the vitemin B 12 in the human liver
exists as hydroxocobalemin, but, even assumiﬂg that all of the
vitamin B 12 occurs in this form, the total amount would still he
less than 1000 ug. (Drovet et el.,1953); and the amount of cyanide
which could be detoxified would be equivelent to about 25 pg. Thus,
the detoxification of ingested amounts of cyanide is presumably
effected in the liver, melnly hy the enzyme rhodanese, It ias not
coloured, and presumably, does not contain cobalt,; which, in
vitemin B 12, takes up cyanide, Bqth rhodenese and vitamin B 12
oceur tosether in many oreans and organisms, and thelr functions
sre therefore probably closely intervelated.

Vokes & Picerd (1955) surpested a hypotheticel cycle to
explsain the interactions of cyanide, rhodeness and vitemin B 12
(see Fig, 1-5,)

In the liver, hydrozocobalamin (CobOH) and rhodaness are
assumed to compete for cyanide, and some will be teken up by the

hydroxocobalamin, converting it to cyenecobalamin (CobGy}. The
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letter can then carry out its verious metabolic functions, one of
which may be the supply of essential one-carbon fragments for the
‘synthesis of labile methyl groups,

o

m > s € e 72003 D R e T O s 8003 0 COb( CN)

S-donors +

rhodanese wemmmmomad Cob(OR) ' HON —wemd €O, in
- 3 breath
SCN i ' 1-carhbon
in urine . frogments

i

)
. methionine; choling, etc

Tie, 1-5, = Scheme of Cvanide Utilisation (after ¥Wokes & Picerd,1955)

The metabolic activity of the carbon of cyanide wes

reported by Stekol & Weiss (1950), and later by Boxer & Rickards
12, .

(1952) who reported that WhenE' Q]GN was given to dovs, the
coarhon could bhe quickly detected in the exhaled carbon dioxide, in
choline, in the ureido carbon of allantoin, as well es in cyano~
cobalemin, The‘aycla is completed when some of the cyanide is
liberated from the cyeanocobalamin, thereby regenerating the
hydroxocobalamin. The eyanide in the liver not teken up hy the
hydroxocobalamin will be converted Lo thiccyanats by rhodanese,
with the help of sulphur donors such as sulphur emino acids, or
the products of the metabolism of suchh amlno ecide. Noister &

Pries (1949) showed that the thiocysnate is mainly excreted in the
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urine, with very little in the faeces,

This sugmeéted mechanism could explain the increased
"thiocyanate excretion observed in subjects suffering form a dietery
deficiency of vitamin B 12, who, because of their shortage of the
vitamin, would not be able to utilise as much cyanide as in the
above cycle, and would therefore have to exorete more cyanide as
thiocyanate, The hypothesis put forward by Wokes & Picerd also
offers a possible explanation of the involvement of vitemin B 12 in
the metabolism of certain sulphur emino acids. The cobalamin cycle
makes available cyenide radicals for the preoduction of labile
methyl groups or other one-carbon fragments, for example, for the
-éonversion of homocysteine to methionine, a funqtion of vitamin B
12 now widely accepted, In vitamin B 12 deficiency; more cyanide
would have to be converted to thiocysnate by tﬁe rhodanese system,
thereby increesing the need for sulphur donorsg. ILf methionine
itself were the donor, any increase in detoxification by rhodanese
would diminish the liver}raserves of methlionine., Havrtman (19@9agb),
studying the excretion of thiccyeanate in patients with Iliver
diseases, waé shble to show that methionine can aet as sulpluxr donor
in the d@ﬁpxification of cyanide compounds by rhodanese, I, on
the other hand, cysteine or cystine were the donor,; this would
also lead to wethionine deficiency, on the assunption thaet, in the
presence of vitemin B 12, both cysteine and cystine can act as

precursors of methionine, as has heen shown in Neurospors and
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other microorganisms. In the system (see Pig. 1-6.), the sulphur
of cysteine is tranéferred to homoserine, forming cystathionine,
" which undergoes cleavase to homocysteine, the precursor of methionine,
The system is a reversal of the normal metabolic pathway from

methionine to cysteine, and is believed not to occur in higher

animals,
CH580£1201{20H( NHo )COOH memmesd HSC}I2§H2011(N}12)OOOH + HOCH,CH( NHy ) COOH
methionine honocysteine serine
i
A4
CH,,CH,CH{ NH,, )COOH
2 2 2 cystathionine
SCH,CH( NH, ) COCH

d
HSCH, CH( MHp ) COOH + HOCH,,CH,CH(1H,, ) COOH

cysteine homoserine

Mg, 1-6, -~ Mechanism of Sulphur trensfer hetween Methionine & Cystein

Wokes & Picead further observed that the extra amount of
thiccyanate sylphur excreted in vitamin B 12 defilciency appesred to
be too 3mali to appreciably aff'ect the liver stores of suiphur
amino aciés.-ln vitro experiments have shown that the efficiency of
these acids as sulphur donors is very low, compared with that of
sodium thiosuiphate (Hinwich & Saunders,1948;%0rbo;1953) ¢ but that
it still remeins uncertain whether naturally occurring substances

other thean these amino acids, or related substances such as
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clutathione can serve as sulphur donors. In addition to the findings
of Hertman (1949a,b) that methionine or cystsmine are able to act
as sulphur donors, work on sheep by Blakely & Coop (19@9) has shown
that cystine as well as thiosulphate can act as a sulphur donor in
the conversion of cyanide to thiocyenate by rhodanese, It may be
that the sulphur amino acids do not act directly, but only after
oxidation to one of the intermediate stages in their metsbolism to
sulphite, sulphate; and thiosﬁlphate (see Pig. 1-1.), This low
. efficiency of the sulpﬁur amino acids led Woées é Picerd to sugrest
that the rhodanese gystem in the body may require a large excess of
these in order to function at an effective rate.

The observation by Boxer & Rickards (1952) thet cyanide
can be shown to ccntribute only ahminor fractlon of the required
one-carbon metabolites, led.them to put forward en alternative
hypoﬁhesis to deal with the quantitative aspects of the study.

Boxer & Rickerds showed that body tissues contain much moxe
thiccyanate than cyenide, and, from the results of in wvitro

experiments, they succested that, in the presence of this lerge

excess, hydroxocobalamin may toke up thiocyanate to form
thiooyanaﬁqcofalamin (CobSCN) {see Pir, 1-7.). This form of vitanin

B 12 has been found to be as effective &g cyano- and hydroxoccbalamin
in the therapy of pernicious anaemia and in growth promotion of
various microorsanisme used to meesure vitamin B 12 ectivity (Buhs

et al, 9'1 951) ’
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+ ermserenid Cob(CH) e e Cob(CN) + SX

Rhodanese

1510}, S DU, V- { Cob(SCN) o s e e 2 o

- Vv
SCN  in urine essential
sulphur-containing
metabolites

g, 1-7, ~ Hypothetical Sulphur Transfer Cvcle (after Wokes & Picard)

They sugrested that thlocyanetocobalamin under physiol-
ogical conditions reverts to cyanocobalamin, giving up its suiphur
to an active intermediate, "X", to form "SX", which could bhe a
pracursor of biologiceally important sulphurwcohtaining compounds,
such as sulphur emino acids, and glutathione. The cyanccobalamin
then completes the cycle by regeneratine hydroxocobsalamin, and the
oeyanide thus liberated will be converted by rhodanese to thiocyanste
and apain be available for the cycle. Ii';, as they sungoest, this
mechanism operstes in the formation of methionine, it may involve
a reactioﬁlhétw@en homoserine and "SX" to give homocysteine which
nethylated to methionine, This mechenism is analorous Lo that in
Neurospora (see Fig. 1-6.), with "SX" taking the place of cysteine
in supplyine the sulphur to homoserine. Alternatively, if methionins

were the sulphur donor, this mechanism would demonstrate how
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vitamin B 12 may catalyse the normel transulphuration reaction,
- methionine -» homocysteine % cystathionine ~» cysteine,

The cycle suggests a way in which sulphur mey be made
avallable by vitamin B 12 for the synthesis of sulphur-containing
amino acids and related compounds, It also shows, as already pointed
out, that if cysteine or cystine were the sulphur donors, how
sulphur may be transferred from these donors wvia thiocyanate to
hombcysteine and hénce to metﬁionine.

. Thus, the findings of %Wokes & Plcard support the existence
of a cjcle in which minute quantities of cyanide, in conjunction
with vitemin B 12, can act as carriers of sulphur in relatively
larpe amounts. The proposed eycle is not put forward as en
alternative to mechanisms involving the synthesis and utilisation of
labile methyl groups and hence, smowme other things, the last stape
of methiowmine synthesis, viz. homocysteine - methionine, There is
much evidence which strongly suepests that this is one of the

~functions of vitamin B 12 (Kratzer,1953;Stekol et al.;1953;Smith,
1954), Closely related to this, is the evidence that vitemin B 12

ig involved in the conversion of glycine to serine which is ilmportant
as a precursor of cysteine, and hence of giutathione (frnstein &
Heuberwver,1953)

Other workers have shown that %itamin B 12 is involved in
the reduction of disulphide linkapes to, and the maintenance of,

§ulphydryléqroups, flor example in homocysteine and glutathione,
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both in vitro and in vivo (Dubnoff;19502,b,1951;Ling & Chow,1953).
Thug, vitamin B 12 may play an important peart in the
‘general metabolism of sulphur, and as a result, be involved in

the detoxification of cyanide.
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Reaction of Cvanide with Protein,

It is well known that cyanide can react with protein in
vitro (Pascheles,189%.). Followine up this work, Catsimpoolas & Wood
(1964) studied the reaction of cyanide with bovine serum albumin
(BSA) to assess the factors affecting the release of thiocyanate
from protein. They showed that the reaction yields thiocyanate,
only under alkaline conditions, The formation of thiocyanate nay
arise- from the decomposition of the thiocyanéalanine moiety formed
from cleavage of cystine disulphide bonds with cyanide, and also
by cyanolysis of the persulphide resulting from the alkaline
degradation of the protein. The persulphide is probably e trisulphide
which is formed from the initial degradation product. The increascs
in thiocyenate yield with pH, suggests that all disulphide bonds in
the intect protein are not readily accessible to atteck by cyanide,
Cyanide produced & to 5 moles of thiocyanate per mole of BSA at
pH 8.0, 13 to 14 at pH 10obg and %8 at pH 12,0, At pH 7.0, where
no alkaline deoradation effect is exerted, only & bonds are broken
in the native protein, no thiocyanate is formed, but thiazolidine
groups ere formed instead of thiocyanvalanine. They showed from
model studies, that formation of the iminothiazolidine rines is
often accompanied by cleavape of an acyl croup from c¢ystine derive
stives. Similarly, formation of the iminothlazolidine rinp on

proteins ceusced cleavege of a peptide bond at the cystine amino group.
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Tohacco Smoke as a Possible Source of Cyanide,

There heve been reports suggesting that the measurement of
thiocyanate in body fluids might be used as an index of a
physiologically sienificant exposure to cigarette smoke. Smokers
exhibited higher thiocyanate levels in body fluids than did non-
smokers.(Lawton et al.,19%3;Trasoff & Schneeberg,19l;Maliszewski
& Bass,1955;5t0a,1957;Wilson & Matthews,1966), This is thought %o
be the result of detoxification of‘cyanide entering the body wvie
inhaled tobacco smoke, which is known to contain cyanide in
significent comcentrations (Osborne et. al,,1956;Jchustone & Plimmer,
1959; U,S, Surreon feneral's report,196@)o The number of cigarettes
bought or used may not be perfectly correlated with asctuel
exposﬁre to the combustion products, since individuals vary
greatly in their habits of usage, such as length of cigeretie
smoked, or depth of inhalation,

Maliszewski & Bsss (1955) studied the levels of thiocyenate
in plasme, salive, urine and swest of smokers and non-smokers. They
showed that the higher value of thiocyanate in smokers (3~6 fold)
is probebly associated with smoldng directly, as cessation of
smoking wag accompanied by a gradval bubt marked decresse in the
level of thicoyenate in all body fluids. The plasma thiocysnate
concentration fell 4o ebout 39 % of the levels for smoking controls

by the tenth day, salivary levels dropped to approximately 50 3 of




CHANGES IN PLASMA SCN
DUE TO ABSTINENCE FROM

SMOKING

Plasma
Thiocyanate
Concentration

pmolefl,

Normal Range
for Smokers

Normal Range
for Non-Smokers

smokin smokin
sloppeéJ resume

i i I ] ] L ] L 1 ] L ! ]
o 1 2 3 4 S5 46 7 8 9 10 11 12

TIME (weeks)

Tig, 18, Chanres in Plasma Thlocysnate Levels in a Normal

et S el

Subject duc to fhstinence followed by Heswmotion

of Cierarvette Smoling,




w2 um

of controls, end urinary excretion dropped more than 50 $, The
recovery, after smoking was resumed, was found to occur at a slower
rate than the fall during non-smoking.

The work of Maliszewski & Bass was studied more closely
in this work, when a volunteer subject stopped smoking, end aggreed
to weekly blood samples being taken off for thiocyanate estimation.
Figo 1=8. shows the normal ranges of thiocyanate in plasma for
both normal smokers and normel nou~smokers, and follows the chenges
in plasma thiocyanate in the normal subject‘who stopped smoking for
7 weeks, and then resumed, The level of thicoyanate fell repidly
after cessation of smoking, theneguilibrated within the normel
range for non;smokers0 After resuwpiion of smoking, the value of
thiocyanate rose at a slower rate than that of the fall during
abstinence, aspreeing With-th@ fPindines of Haliszewskl & Bass,

As a control, thioqyanaie gstinations were also carried
out on plasma from other subjects; both smokers and non-smokers.
The results were found to agpree with the accepted vwaluves of

plasma thiocyanate for smokers and non-amokers,
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CLINICAL ASPECTS OF THE STUDTES,

This work has been directed towards providing e
bioclemical rationale for any clinical chenges cccurring during the
treatment of patients sulfering from the toxic amblyopias,
particularly tobacco amblyopia end Leber's hereditery optic atrophy.
The optic neuropathy of disbetes, the rarer optic neuropathy of
pefnicious anaemié, and the %arious nutritional optic atrophies,
althourh not mentioned in any great detail here, also belong to
this group of conditions,

Meny workers have sugrested that cysnide is important
in these conditions, coming from tobacco smoke, or certein foods,
e.gn‘trqpicél pulses (Clark,1936;lontgomery,1964), or may be the
result of infectlon by ceﬁtain cyanidesproducing orgénisms ( Smith,
1964.), These conditions are asscciated with a probable faillure by
the patient to detoxify the cyanide load to which they find them-
selves subjected. This failure may result from an iuherited defect
in the process necessary for the metaholism of cysnide, as has
been suppested for Leber's hereditary optic strophy, or from en
absolute depletion of body vitamin B 12, as in pernlcious anaemia,
putritional deficiency and malabsorption states.

Tobacco Amblyopia,

Tobacco has heen agsociated with amblyoplia sinco

MacKenzie! s observation in 18%, that abstention from tobacco
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allowed visual improvement. Although cyanide has long been recopw-
nised as a constituent of tobacco smoke (Lehmenn & Gunderman,1912),
.Lelshman (1951) was one of the first to suggest that the agent
responsible for tobacco amblyopia may be other then nicotine.

The cyénide in tobacco smoke has been sugrested as a cause
of the visuel failure in tobacco amblyopia and in Leber's hereditary
optic atrophy (Wokes,1958;Heaton et al.,1958;Smith,;1961;Wilson,1963,
1965). It wes Wokes who focussed attention on cyanide, and so
initiated research inte the compleiities of cyanide and vitemin
B 12 interrelationships in these conditions.

As mentioned earlier, smokers show higher plasma thiccyansate
levels then do nonesmokers, even s high as 3-6 fold. The mean

‘plesma thiocyanate concentration of 20 non-amblyopic smokers was
found in this laboratory to be 65 x;BEaO,umole/i@ (Chisholm &
Pettierew,;1970). This was significantly higher than the mean
concentration of 32 x 16,0 umole/l. found iu 18 nonw-smokenrs
(P<£0.001), The mean plasme thiocyanate concentration in 26 un-
treated tobacco amblyopis patients was found to be 28 + 12,0
pmole/l, , which is sienificantly lower than the concentration
found in the non-amblyopic smokers (P< 0,001), but was no different
from the concentration found in the non-smokers,(P> 0.01), This
was surprising, since the tobacco amblyopia patients in ecneral,
smoked more heevily than did the non-smblyopic smokers, and

would therefore be expected to exhibit higher plasma thlocyanate
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levels. This would supgpest thot the tobacco amblyopila patients
have a reduced ability to convert cyanide to thiocyanate, and must,
“therefore, have increased amounts of detectable cyanide free in
the body fluids. Wilson & Matthews (1966) were able to show a
nerative relationship between plasmsa cyanide and total serum
vitamin B 12, Other workers have shown reduced concentrations of
vitamin B 12 in the serum of tobacco anblycpia patients (Heaton
et ai.,1958;Foulds‘et al.,1969a), which would sugeest that there
may be raised levels of cyanide in'the plasma of such patients.
The mean concentration of cyanide in 15 untreated tobacco amblyopis
patients of 0961}um01q/1,, as found by Chisholm & Pettigrew (1970),
was higher then the coancentration of 0,22 umole/l. found by
Wilson & Matthews (1966) in healthy smokers, The now apperent
difficulties in estimation of cyanide in plasma et the low levels
encountered; must make meaningful interpretation of these results
extremely diff'iculi. Comparison of these plasma cyanide results
with total serum vitamin E 12 did; however, show a nerative
relationship, which supported the premise that elevated ooncentrations
of cyanide iﬁ the presence of reduced serum vitamin B 12 levels
may lead ﬁq néurolouical chanres (Smith;Du¢kett, & Waters;1963;
Wilson & Matthews,1966),

Only a very small proportion of all smokers contract the
disease, Cirars and ciearettes, copecielly the latter, are only

rerely causally associated, the smoking of stroang tobacco in pipes
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being the typicel finding., The reason for the preponderance of
pipe smokers is not certain, It hes ﬁeen sueppeasted that one factor
-may be that the increase in the proportion of pipe smokers that
occuré in middle ape, together with the known decrease in serum
vitamin B 12 leﬁels, mekes the development of amblyopie more
likely in elderly, pipe-smoking subjects. It may also be that
pipe smoking, unlike that of cigerettes, causes increased salivation,
and the habitual “sucking" of the pipe, thereby allows the
inerestion of additional, more ooncéntrahed soxins from the mouthe
pilece via the swallowed salive. It has been shown that the amount
of tobacce consumed by those who develop amblyopila varies

considerably, but the usuval history is of heavy smoking over a

TLaberis Hereditary Optic Afrophy.

Leber!s Hereditary Optic Atrophy.

Close comparisons h&ve been drawn between tobacco amblyopia
é.nd Leber's hereditary optic atrovhy,; both in ite clinical
features, and in its mode of presentation (Schepens,i946;ioulds,
1969), Wilson (1963,65) sugsested that the disease might be caused
by an ipherited defect in the mechanism necessary for the detox-
ification of cyanide,

Tt is a fact that many of the patients develcping
the symptoms of Leber's optic atrophy -do smoke; and a lower than
@xpéctéd thiocyanate level in the plasma of such patients hes

been demonstrated (Wilson,1965). The mean plasma thiocyanste conce
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centration of 38 & 32 umole/l,, found in 8 Leber's optic atrophy
patients who smoked (Chisholm & Petticrew,1970) was no different
from the concentration found in untreated tobacco amblyopisa patients,
but tended to be lower than that of the normal smokers. The results
from the smokers in particular, do suggest that these patients
revesl a reduced ability to convert cyanide to thiocyanate, There
are, of course, other sources of cyanide than tobacco smoke, which
might account for the fact thal this disease can occur in non-
smoking subjects, | -

Optic Newropathy of Pernicious Anaemia,

The defect in wvision which accompanies the optic.neuropathy
of pernicious anzemia is similar to that found in tobacco amblycpia,
and, it has been sugeested that the condition is identical to
tobacco amblyopie (Freeman & Heaton,1961). The 6riginal diagnosis
depends upon whether the patient presents to an ophthalmologist or
to a haematolowist, Foulds et al. (1969h) have stated that of a eroup
of 63% patients with tobacco amblyopia, 11 were found to have
pernicious anaemia. Two of these patients were disgnosed initially
as pernicious ansemia and the ocular defect associated at a later
date, while the other paticnts were found to have pernicious
snasmia dvrine their treatmunt for tobacco amblyopia, The optic
neuropathy of pernicious ansemia has aldo been reported in none-

smoking subjects (Adams et al.,1967).



Optic Neuropathy of Diabetes,

Thae optic neuropathy of disbetes as such, is rare, but,
ag Foulds et al, (1969b) sugerested, it may he a commoner cause of
visual failure in patients suffering from diabetes than is generally
realised, The viéual defect in such patients therefore, may not bve
peculiarly associated with diabetes, but, in fact, may merely be due
to tobaceco amblyopia.

Nutritional Optic Atrophy.

. Interest in thiocyanate haé been further stimulated by the
finding in patients sufferine from a chronic degenerative neuropathy
(nutritional ataxic neuropathy), which is common in parts of
Nigeria, of an increased concentration of thilocyanate in plasme and
in urine (Osuntokun,1968;0suntokun et al.,1968)., An acute retrobulbar
neuritis which is probably a manifestation of this same condition in
children, is accompanied by similar changes in the levels of thio-
cyanate, Both these diseases are associated with the long-standing
consumption of large amounts of cassava (manioc tuber), which
contains large amounts of the cyanopenic glycoside,; linamerin,
Hospitalisation of these patients, with the reroval of cassavae from
their diet,; is accompanied by a drop in the plasma thiocyanate
concentration from the high value of 85 /umole;/ Lo Lowards normal
levels, but this trend is reversed when-a relurn is made to the
normnal diet@ Osuntokun et 8l, (1968) havo shown that this hich level

of thiocyanate in plasms iz assoclated with a wvery low level
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of cysteine + cystine in the plasma, and they suprested that this

wos due to the utilisation of these sulphur amino acids for the

detoxification of cyenide derived from the cassava, Such o detox-

ification could. take place through the formation of Z2~lmino=l-
thiazolidine carboxylic acid from cystine (see Fig. 1-3.). Osuntokun
et al. (1968) have therefore proposed to use the sulphur smino
acids in the therapy of these neurological conditions which could
be-ﬁhe result of éhrcnic intéxication with cyanide derived f{rom
the sassava, | .

| However, it must be stressed that the daily intake of
cyanide. hy these patients, in perticular, iz in the order of 8 mg.
(0e3 m.mole) per day, so that the amount of cyst(e)ine required for
datoxifieation must be nepligible compared with the amounts oxidised
deily to produce the 25 m;moles of sulphate eiereted every day.
It is therefore hard to believe that the daily intake of 0.5 m.mole
of cyanide would cause a significant drop in the level of cyst(e)ine

in the plasme, unless a severe protein deficiency were also present,



Hethods of Treatment.

As stated earlier, the major metabolite of cyanide is
thiveyanate, formed by combination with sulphur within the bodyo>
The treatment of these conditions, which may be sssociated with
chronic cyenide toxicity, must therefdére involve increasing the
patients! ability to detoxify cysnide, by providing an incressed
source of sulphur. This hes heen accomplished in two ways - by
therepy with hydrokocobalamin; or by administration of oral cystine,

1. Hydroxocobalamin Therapy,

The use of hydroxocobalamin ag an effective antidote for
cyanide poisoning, is well known from the work of Mushett et al,
(1952), on cyanide poisoning in mice. The hypotheticel cycles of
cyenide utilisation end sulphur transfer (see Figs. 1=5, & 1-7.), a5
sugrested by Wokes & Picard (1955), do indicate the possible role
of hydroxocobalamin in the therapy of cyanide intoxication. Previocusly
the vitamin B 12 has been administered intramuscularly with conside
erable success, but now, in addittion, an oral preparation of
hydroxocobalamin is Dbeing used a8 a possible alternative, Results
frowm both forms of therspy are reported in these studies.

2. Oral Cyatine therapy.

The use of orvel preparations of cystine as & zource of
additional, sulphur is reassonable, lu view of the resulls of the
experiments of Voietlin et al, (1926), showing the protective action

of injected cystine sgalnst minimal lethal doses of cyenide. The
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work of Osuntokun et al. (1968) also suppests the use of sulphur
amino acids, such as cystine, in the therapy of the neurclogical
“conditions, believed to be due to chronic cyanide intoxicsetion as

a result of a high consumption of cassava.

The Aims of The Studies,

I cyanide is to be éonsidered an important cause of the
symptoms found in these conditions; the treetment must be concerned
with incraésing the patients! ability to detoxify cyanide, This
would cause increased levels of thiocyanate in plasma and in urine,
‘The measurement of these two parameters in the patients in these
studies; thereby provideé a convenient means of assessing the
treatment, with reesard to fheir detoxification of cyanide. Ifthese
changes in thiocysnate cen be related to chanpes in the clinicel
condition of the patient, with perticular regard to improvement in
their vision, it would provide pood evidence for the sugrested

importance of cyenide in these conditions,



SECTION TwWo,

- MATERTALS AND METHODS,

THIOCYANATE AND CYANIDE ESTIMATIONS,

The standard colorimetric methods for the estimation of
thiocyanate and cyanide are based on elther the method developed by
Aldridpe (19%44545), or on that devéloped by Epstein (1947), which ere
themselves both besed on the Konig synthesis of pyridine dyestuffs
(Konigs19044,05), by the reaction of pyridine and an arometic amine.
Aldridgets method inveolves reacting cyanogen bromlde with a pyridine
-benzidine mixture, whereas Epstein uses cyanogen chloride reacting
with a mixture of pyridine and 1mphenylm3mmeth§1~5~pyrazalone with a
small quantity of bis(1=-phenyl=3-methyl=5~pyrazalone), |

The method described here is & modification of the Aldridge
method, with the carcinogenic amine; benzidine replaced by p-~phenyl-
ene diamine, ss sucvested by Bark & Higson (1964)s

Since both cyanide and thiocyanate are converted to cyanopen
bromide, this method can be used to estimate both. The colorimetric
reaction does not distinsuish cyanide from thiocyanate, and go the
minute amounts of cyanide in plasms reduire to he separated and
Goncentfated for estimation. This way previcusly done by the method

off Boxer & Rickards (1950), by seration into a smell volume ( 1 ml.)



S TN Ty

=3l

of 0.2 N NeDH, using a stresam of cyanide-free nitrogen. The

cyanlde content of this concentrated sample wes then determined

colovimetrically, Difficulties in aeration and concentratiom led

to the investigation of microdiffusion methods as a possible

alternative., It has been found that the method of Feldstein &

KiendshoJ (19542,1954b), using Conway No. I units, although

requiring a longer time, is more efficient to use for the

concentration of cyanide from plasma,.

REACTION

HCN + Brz cas . wae'®y  CNBr + HBo
§ €4 a3 D 62D A7 K10 Wk s 0D 13 €3 ely o
KSCN + 4Br, + L0 » CNBr «+ 6HBr
CNBr + pyridine/p-phenylene - wmeey  pyridine
diamine reasgent

Bromine water - saturated

o 61{280 ).
+ KBr
dyestuff

Arsenious oxide ~ 2% W/V 1’%8{)0.‘5 in weak NeOH titrated to
b o

pephenylene diamine = 0.2 % W/V in 0.5 M HCL

neutral

Pyridine reasgent « pyridine : couc, HCL : de-lonised water

G : 1 e

&

v/v

Pyridine/p~phenylene « pyridine : p-phenylene diemine

diamineg reagent
A L )

1

*9

3

\74'%



REPEATED SPECTROPHOTOMETRIC SCANS OF
STANDARD SOLUTIONS OF POTASSIUM THIOCYANATE
SUBJECTED TO THE COLORIMETRIC PROCEDURE

Time Interval between scansx 5 min.

Isosbestic Point
520 nm

g

BSORBANCE

————— O'OSpmole/ml.

0
=

-~ --0-03umole/ml.

WAVELENGTH (nm)

i, 2-1, Determination of the Isosbestic Point fon tha

Colocimstric Procedurs,




Procedure,

To 1 mle of test solution made escid hy the addition of
.0,5 ml. of N HCl, add 2 drops of saturated bromine water, followed,
after mixine; by 3 drops of 2 % arsenious oxide solution to remove
any excess bromine present, Any further bromine is then removed
under vacuum. To this is added 1.8 ml. of the pyridine/pspheiylenc
diemine mixture, and the resultant reddish-pink colour read against
a reaspgent blauk, within 10 miﬁutesﬂat the isosbestic point for this
particuler colour reaction., The wavelength of thisz ilsosbestic point
was found to very between 505 nm, and 520 nm., apperently being
dependent upon the freshness of the reavents, particulerly the
pyridine, The isosbestic point has therefore to be determined for
each new batch of reagents, by examining the colour reaction in a
recording spectrophotonster. Fron such observations, the isosbeatic
point is generally found at 52C nm., and all subsequent absorbance
readinegs have been made at this wavelenpth (see Fig, 2«1,).

Standard curves for cyanide and thicuyanate are constructed
similarly, by subjecting 1 wl. aliguots of wverying concenirations
of standard solutions of potassium cyanid@ and potassivm thio=
cyanate to the above colorimetric procedure,

CThe specificlty of this colour reaction, and its edvantaces
over the pirevious colorimatric proc@dufes can be demonutrated by
conparison of the results cbtained Drom two sevies of recovery

experiments, where varyilng concentrations of potassium thiocysnate
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or cyanide were added to plasma and to wrine ( sse Table 2-1,).

A sysgtam of.quality control, using aliquots of pools of
deep~frozen plasmes was introduced for thiocyanate, to maintain a
check on the precision of the estimation procedure; an.aliquot of
the deep~frozen plasma being estimated along with each batch of
thiocyanate estimations.

The dmprovement in the precision, brought gbout of the new

colorimatric procedure can be seen in Table 2-2,

Y

-



Teble 2«1, = Recovery of Added Thiocyvanate or Cyanide.

1o « THIOCYANATE

{a) Previous pyridine/benzidine method.

Plasma ‘ Memoles of KSCN

Added 0.005 0,010 0,020

Recovery % 1503 88.2 88.6

SOEQM. 30’4-0 1 OIFO 3.70

No. of sanples 6 5 6

(b) Present pyridine/p~phenylene diemine method.
Plagma Momoles of KSCN

Added " 0.005  0.0125  0.025 0,050
Recovery % 96 99.7 1001 99.9
S.X. M, 0.88 2,15 1eltH 1.20
No. of ssamples 8 8 11 14
Urine Momoles Of KSCN

Added 0,025 0.050 0,100

Recovery % 88.od 88,2 99.2

SefeMs 2,54 2.72 117

No. of" sawmples 5 6 6

2o = CYANIDE

(a) Previous seration method

Plasma Momicles of KGT

Added 0.010 0.020 0,030 | 0.050
Recovery % 7.5 7065 59,0 69,3
%ﬁ"‘é@ samples 9o§0 5. 50 z;,,gjo 9«%;0
(b) Present Conwey microdiffusion mf:thod., .
Plasma Motmoles of KON

Added ©,010 0,020

Recovery % 8267 78k

S, B M, beo O el

No. of samplea 6 6



Toble 2=2, = Cémpagia@n of Quality Control Results for Thiocyanate

(&) Previous method

Mean SCN concne 26.9 350 33.2
(/Usg mol @5/11_\
S.E.Mo 3.0 0.73 1.26

No. of aliquots
taken from peol 10 4.5 20

(b) New method

Mean SCN concne - 56,0 5663 36,0 36,2
(Memoles/l.)
S.E.M, 0. 3 0.49 0,29 0ot

No. of aliquots A
taken from the pool L0 24 L5 30

APPLICATION OF THE LETHOD TO BIOLOGICAL MATERIALS,

The method ss described herey, can be ecasily adapted for
the estimation of thiocyanate and cyenide in such meterials as
blood; urine, pencreatic juice and other proteln-containing
fluids; after suitable de-proteinisation,

1. = Thiocyanate, « (a) = in plasma - 1 ml, of heparinised

plasme ls de-proteinised by the addition of 9 ml. of 10 % tri-
chlorcacetic acid, 1 ml, aliquots of the clear protein-free
supernatant after ceantrifugation are then enalysed for thiocyanate
and cyanide as described abova,

(b)Y = in urine = An aliguot of & 2h-hour collection of
urine is éiluted 1 o 10 with de~lonised water, and 1 ml,

aliguote of this dilution ave anelysed for thilocyanste as befcre.



w39e

2.~ Cyanide -~ (&) ~ im plasma - The minute quantities of
cyepnide preseunt in plasma require to be separated and
Qopcentrated for estimatiom., This was previously done by the
aeration method of Boxer & Rickérds (1950}, but it has now been
: foﬁnd‘to be more efficiently cerried out by the microdiffusion
method of Feldstein & Klendsho]j (1954a,b), as described hy
Conway (1962). After two hours incubation, 1 ml, portions of the
- alkaline solution in the centre well of the Conway No, [ units
gro-subjected to the colorimetric estimation procedure as deszribed
before, A standard curve for cyanide mey be gsimilarly prepared
by plecing 2 ml, aliquotg of a standard solution of poteszsivm
gyanide in the outer chamber; instead of the plasma.

Although, spparently much improved hy the use of the
m;crodiffusion technigue, the estimation of cyanide, per se, in
plasma, iz still not completeLy satisfactory. Difficulties in
the recovery of cyanide added to plasma,; led %o the investigation
into the apparent diseppearance of cyanide added to plasma in
vitre. A known concentration of cyanide was added to plasma, and
portions oﬁ this mixzture were removed at intervals and esﬁimated
for cyanide, A control experiment, where the cyanide was added ié
normal saline, instead of plasme, was also undertaken.

The rate of disappearsnce of c¢yanide added to plasma wes
found to be very rapid, falling to approximately 50 % of the
original concentration after only twenty minutes. In saline,

howevier, the loss wes almost negligible, the concentration



DISAPPEARANCE OF CYANIDE
ADDED TO PLASMA IN VITRO
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Legend -
o8 CN in plasma
-4 CN in saline
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Wi, 2-2. Disavpnearance of Cvenide added to Plasma in vilro

(represents results Crom i exrperinents)
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dropping only very sliechtly, even after as long as forty
minutes (see Fig, 2-2).

The most likely explanation would be that protein,
possibly albumin, or, more particularly, some sulphur-containing
grouping (e.g. cystine disulphide bonds) hed rescted with
cyanide, as shown from the work of Pascheles (1894) and of

Catsimpoolas & Wood (196L).

This spparent rapid disappearsnce of cyanide added to plasma

in' vitro, must raise doubts as to the validity of the estimation
of cyanide in plasma, al the normelly low levels encountered,
Tbﬁée technicel difficulties in egtimation, therefore, make
meaningful interpretation of plasma results very Adifficult,
Accordingly, mors ciophasis should be placed wupon the messurement
of thiocyanate in plasma end urine, a8 a gulde to cyanide

detoxification,
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THE ESTISATION OF CYSTINE IN URINE,

Cystine in the urine is usually estimated quantitetively
by the use of nitroprusside (Brend et al.,1930;Fischl et ala,
1961), phosphotungstic acid (Folin & Looney,1922;Folin & Morenzi.,
- 1929;Shinchara & Padis,1935), iodometric titration (Virtve &
Lewis,1936), or by the Sulliven colorimetric reaction (Sulliven,
1921;,;81111:1.1;’&:1'& Hess,1936, 37)0 These methods however, have the
ﬂiéadvani:age of being non-spewific for cystine in the presence
of other urine components, The Sullivan reaction using scdium
punaphtimquinoneu-l,.«sulphona‘te, with a modification by Csonke et
ale (1944), was found to be adequate for the quantitative. .
t:es{;ing for cystine in the uring,,

The method described here is & modificetion by McDonald
& Pellers (1968), of the besic Sulliven reaction, using the
further improvements suggested by Curnow & Lyunch (1969)s
REAGENTS

Sodium Hydroxide - 5.0, W - 100 gm, NeDH dissolved in H,0
to a final volume of 500 ml.
Sodium Hydroxide = 0,5 N = Dilute 10 ml. of 5,0 N NaOH
| to a final volume of 100 ml.
Sodium Cyanide = 1,0 M in 0,5 N NaOH « 5.0 gm. NaCN
dissol:v’eci in 0,5 N NaQH to 100 ml.
Nephthoguinene - 0.2 % W/V = 0.2 gm. sodiunm B-naphtho-
| gulnone in water to. a final volume of 100ml

Sodium Sulphite = 0.8 M = 20 gm., sodium sulphite dissolved
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in 0.5 W NaOH to a figal volume of 200 ml.
Sodium Dithionite = 0,115 N in 0,5 N NeOH « 1.0 gm. of N328204
digsolved in 0.5 N NaOH %o a £final volume of 50 mi,

SAMPLE PREPARAT TON

A 25 ml, aliquot of a 2h~hour volume of urime 1ls mede
strongly alkeline by the addibion of 0.3 gm. of NeDH pelletsz.
(A single NeOH pellet weighs approximately O.1 gmo ). The £inal
PH musy be greater than 10.0, Aftér the NeOH hes completely
dissolved and mixed, the solution is allowed to stand for 30 mins,
Brcess phosphates will be precipitated out and can be removed
by filtration. 10 ml. of the solution is diluted to 50 ml. with
wabter for the estimation,

STANDARD SOLUT TON

A control non-cystine-contalning urine sample of 100 ml.
with an espproximate spscific gravity of 1,02 is similarly
prepaved by the adaiﬁiod of 1.0 gim. of NaDH end £iltration; this
ia solution A,

The.standar& cyetine solubtion is prepered by the addition
of 50 mg, of Lecystine to 50 ml. of urine (solution A). This
makes e solution with a concentration of 1000 mg./L of cystine;
this is solution B

ASSAY  PROCIEDURTS

Working cystine standecds ere prepared as follows; 20 ml.
of solution A sre diluted to 100 ml.; 10 ml, of solution B ave

dilubed to 50 ml. These 1 to 5 dilutions ere mede in de~iondsed
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water, The volumes used fovr the dilutions for the working
. standards are as shown In Teble 2«3,

Test urines « 10 ml, in duplicete of the diluted test urine

are trausferred to individual flaséﬂ for the estimation.

Toble 2«3%, - Volumes used Por the working standards,

Cystine concentration Diluted solution A Diluted solution B

(mg./L) (ml.) (ml.)

0 10 0

100 9 1

200 8 ' 2

300 7 . 3

3\.‘«00 6 br

500 5 5
REACTION

To each flask, &dd 2.0 ml. of 5 % NeCN, Mix thoroughly and
allows to stand for 10 min,

Add 1.0 mi, of freshly prepared 0.2 % naphthoguinonse
reagent, followed by the addition of %,.0 wl. of freshly prepered
10 % Na i

0 % 2‘32

reagents 19 necessary. Mix thoroughly. Allow o stend for 25 mios,.

“

QLQ The imnediate zequentisl addition of these two
”

Varying colours may be noted at this stape.

234 2,0 ml, of 5.0 W NeQH followed lmmediately Ly the
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addition of 1,0 mle of freshly prepared 2 % Na2S Oéf Mix

2
thoroughly. The final colour is salmon pink,
| Read at 505 nm, within 5 min. with the diluted Blank urine

set at 100 % transmission.
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THE FLUOROMETRIC ASSAY OF GLUTATHIONE IN RED BLOOD CELLS,

The 8U@phur~containing peptide, glutathicne, is a well-known
and important source of non-protein sulphydryl (SH) groups. The
assay proceduré is based on a modification by Pell & Tilstone (1969)

of the method described by Cohn & Lyle (1966), which itself is

a modification of the reaction procedure with o-phthalaldehyde
reported by Shore, Burkhalter & Cohn (1966), At pH 8.0, reduced
glutathione (GSH) condenser with 6ﬂphthalaldehyﬂe to0 form a stable
and extremely specific fluorescent product,; with an excitation
wavelength of 365 nm, and a fluorescence emisaion at 420 am,
REAGENTS

Glutethione = Boehringer

Metephosphorie acid - 3 % W/V in mhl EDTA

Tris baffer - C.2 M

o=pbthelaldehyde = 1.0 % W/V in methanol (AR) prepered each

day.

Because of the varisble quality of metsaphosphoric acid it
is necessary to titrete aliguots of the 3 % solution in FDPA with
the tris buffer in order to colculate the amount of buffer necesseory

to bring the mixture to pH 8.0 + 0.1,

b Perkin-Rlmer Model 203 fluorescence spactrophotometer

was used for all the fluorcometric determinations.,

STANDARD SOTUTIONS

Stock stenderd - 100 mp/nl, in de-ionised water,
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Working standeards - 10,5.0, 2,5, 00625/ug/m1¢ GSH were
| prepared dally from the stock solution
by dilution with metaphosphoric acid,

CONDENSATTON REAGTION

The ecalculated amount of Trie buffer is added 4o an aliguot
(0.5 or 1.0 ml.) of the standard GSH solution %o give a final pH
of 8.0 ¢ 0.1, the volume made up to hoO ml, with water and 0.1 ml.
of the o~phthalaldehyde resgent added. The wixture is kept in
the éérk for 15 min, %o allow formation of the fluorescent
conjugate,

DATLY CALIBRATION OF THE P.E, 203,

The instrument is set for full (100%) scsle deflection (FSD)
with the most concentrated standerd solution in the semple cell
(10 pg/mle.); and for zero deflection with the 3 % metaphosphoric
acid in the sample cell,

The stendsrd GSH solutions are then resd in ascending order
and the percent F,3.D. at 420 pin. 18 noted and a standerd curve for
GSH prepared,

SAVPLE PREPARATTON,

resh hepavinised blocd ig centrifuged snd the plasma
separated. The red blood cells are then washed 3 times with 2 vols.
of isvtonic saline, 2.0 ml. of the weshad red cells dis then diluted
to 20 wl., with mM EDTA to haemolyse the cells, This haemolyszate can
%hén be stored deep-Lfrozen until the estimation is performed. 1.0 ml

of tha EDTA haemolysate is then dee-proteinised with 0.5 wl. of
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jce=cold 3% % metephosphoric acid, centrifuged, and then aliguots
of the cleer protein=free supernatent taken for the fluorometric

assay as described before.



SECTTON TIHRERE,

RESULTS AND DISCUSSTON,

The major metabolite of cyanide is thlocyenate, formed by
conbination with sulphur. The treatment of these toxic amblyopias,
which are asssociated with cyanide toxicity, must, first and for@mosﬁ,
involve enhancing the patients} ability to detoxify cyanide to thio-
cyanate, Thisg may be accomplished by directly administering an
additional source of sulphur or some other sgent which will detoxify
the cyanide cither by direct combination, or indirectly, by making
sulphur available in a form acceptable for combination with the
cyenide., Technigal problems encountered in the estimation procedure
(see Materisls & Methods section) made meanineful intecrpretation
of plesma cyanide results difficult, and therefore, more emphasis
hes bheen placed upon the mgasurement of thilocyanate, rather than
cyanide in plesma and in urine. Meésurement of these two perameters
therefore pro?id@s e convenient end satisfactory assessment of the

petients' detoxification of cyanide.



PLASMA SCN~ CONCENTRATIONS IN
TOBACCO AMBLYOPIA, HEALTHY SMOKERS
AND NON- SMOKERS
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Smoking, Cyenide, Thiocyenste end Tobacco Amblyopisa,

Healthy smokers exhibit higher thiocyanate levels in
Body fluids than do non-smokers (Lewton et al,,41943;Trasoff &
Schneeberg,19&&;Maliszewski & Bassg,1955;5t0a,1957;Matthews et al.,
1965;Wilson & Matthews,1965). This is believed to result from
detoxification of cyanide, which is present in significant conc=-
entrations in tobacco smoke (Osborne,Adamek, & Hobbs,1956;Johnstone
& Plinmer,1959;U. S. Surg.Gon, report;1964), Fig. 3~1. shows the
plasma thiccyanate concentrétions which wereufound in tobacco
amblyobia patients, normal smokers and non~smokers, The mean conce
entration for 20 non-amblyopic smokers was found to be 65 + 33 pmole
/1., which wes significaently higher than the mean concentration of
36 + 18 pmole/l. found in 10 non=-smokers (0,025> P> 0,01). The
level éf significance has been taken at P€ 0.05, end this convenﬁionv
has been adhered to throusghout these studies. The wean plasme thio=-
cyanate concentration in 18 untreated tobacco amblyopia pétients
wes 3L + 16 ymole/l., which wes sipnificantly different from that
found in the noﬁwmﬁblyopic smokers (0.01> P> 0.005), but was not
statistically sienificantiy different from the concentration found
in the non~smokers. The tobacco amblyopia patients in general,
smoked more heavily then did the non-amblyopic smolers, snd would
therefore be expscted to exhibit hiah&r'thioeyanate levels, The Lact
that they did not, sueggests that, if cyanide is to be considersd

an importaant cause of tobacco amblyopla, these patients reveal a
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a reduced ability to convert cyanide to thiocyanate,

Wilson & Matthews (1966) shoﬁed a positive correlation
between plasma cyanide and thiocysanate concentrations, which might
have been expected from the equilibrium between cyanide detox-
ification and cyénide formed endogenously by the action of a red
cell enzyme, originally named thiocyenate oxidase (Goldstein &
Rieders,1953), but recently shown to be due to peroxidase activity
of haemoglobin (Chung & Wood,1971).

) They also found that the proportion of cyanocobalemin was
reised in smokers, and that hydroxocobalamin was inversely related
to plasme thiocyanate levels, This supported thé view of Smith (1961)
who claimed that, in very heavy smokers, the additional cyanide
inactivated somé of the serum hydroxocobalamin by conversion to the
oyano~ forms, and that the neuro-retinal tokic effect of cyenide in
vitamin B 12 deficiency could be explained by this conversion,

Recent work by Wilson,Linnell & Matthews (1971) has demone
strated that plasma cyanocobalamin levels are significantly raised
in tobacco amblyopia, Leber's hereditery optic atropny, and in other
types of optic atrophy. They suwcested that this may be evidence of
inborn errors of cyanide metabolism. In very heavy smokers with.
signs of amblyopila, the cyanocobalamin concentrations might be
expected to reflect the deesres of cyanide exposure from tobacco
smoke s bﬁt the amountg found were often in excess of thosce found

even in the heaviest of normal smokers, suggesting a metabolic defect,
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In Leber's hereditery optic atrophy, c_:linical and metabolic evidence
sugeests thet, in many patients, the onset and severity of the
disease may be related to smoking (Wilson,i963,65).

Wilson & Matthews (1966) also demonstrated a negative
relationship between plasma cyanide and total serum vitamin B 12,
which they surcested mipht be the result of vitamin B 12 depletion
due to the high intake of cyanide associated with smoking., This
supports the sugrestions that'Vitamin B 12 contributes to the de-
toxification of exomenous cyanide (Wokes,1955:1958;8mith,1961),
and that chronic administretion of cyanide depletes the liver stores
of vitemin B 12 (Braekkan,Njsa, & Utne,1957). Alternatively, Wilson
& Matthews (1966) supgest that relatively low (though physiolomicel)
levels of vitamin B 12 may reduce the ability to detoxify cyanide,
resulting in relatively hich concentrations of iﬁ in the blood,

It is known that patients suffering from tobacco amblyopia
show reduced serum vitamin B 12 levels (Heaton et al,,1958;Foulds
et al.;1969a), and that :raised cyanide concentrations in the plasma
of such petients might reasonably be expected. The mean concentration

of cyanide in 15 untreated tobacco amblyapih patients of 0061/umole
/L (Chisholm & Pettimrew,1970) is higher then the concentration
of' 0022/umola/lo found by Wilson & Matthews (1966) in normal
smokerso_W® were able to show en inverse relationship cetvween plasns
cyanide and serun vitamin B 12 in these pabtients, although 1t

failed to be statistically sienificent (P> 0,05),
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Summary .,

Cyanide is presumed to come from tobacco smoke, and
elevated thiocyanate concentrations have been found in the plasma
and urine of healthy smokers, when compared to non-smokers. The
plasma thiocyanate concentration in untreated tobacco amblyopia
patients was lower than that of the normal smokers, which suggested
that, although their tobacco, and presumably cyanide intake wes
greater, they were less able to convert cyanide to thiocyanate by
the normel processes, The inverse ralationsﬁgp found between
plasma cyanide and total serum vitemin B 12 (Chisholm & Pettigrew,
1970) supported the earlier findings that, at low serum vitamin
B 12 levels, the plasma cyanide concentration might be sufficiently
elevated to produce the chronic neuvropathologicsl changes assccilated

with tobacco amblyopia (Heaton,lcCormack, & Freeman,1958;Smithy1961),



HYDROXOCOBALAMIN THERAPY,

(8) ‘Intramuscular Therapy in Tobacco imblycpia, .

. The use of vitamin B 12 in the therapy of tobacco amblyopia
is now well established from the work of Heaton et al. (1958),
showing that some patients wiith tobacco emblyopia mey improve when
given vitemin B 12'parenterall§, even when smoking is continued,
Smith-(1961) suggested that hydroxocobalamin”is the physiologically
sctive fraction, and its conversion to cyanocobalamin provides an
alternative route for cyanide detoxification, The superiority of
hydroxocobalamin over cyanocobalamin in the treatment of this
disease, demonstrated by Chisholm et al. (1967) does support this
view, | |

Foulds et al, (1970) have stressed that the vitemin B 12
status of patients with toxic amblyopias must be fully investigated
before therapy is commenced, for those patients with an cbviouvs or
latent pernicioﬁs anaemla will require therapy permanently, while
those without evidence of such disease, will only regquire therapy
until visuval recovery is coumplete., They also showed a reletlionshivp
between tobecco consumption and the serum level of vitamin B 12,
suppesting thet tobacco intake is the wajor factor affecting therspy
with hydroxocobalaming visuel recovery being best in those paticenls

smoking least snd receiving hich doses of hydroxocobslamin,



ALTERATION IN PLASMA SCN~ CONCENTRATION
IN 18 TOBACCO AMBLYOPIA PATIENTS BEFORE AND
AFTER HYDROXOCOBALAMIN THERAPY
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To assess the optimum dose of hydroxocobalamin in the
treatment, Foulds et al, (1970) estimated the rate of wvisual recovery
-An patients who étopped smoking and received no other therapy, and,
from the resylts, suogested that to obtain similar recovery in
patients continuing smoking, sufficient hydroxocobalamin must be
piven Yo keep the ratio of hydroxocobalamin to tobacco consumption
at a calculated value. Allowing for the loading dose of hydroxo-
cobalamin (5 me./day for 2 weeks, then 1 mg,/day for 2 weeks), they
sugpested that a patient smoking 2.0z° of tobacco per week will
require 1 mg. twice weekly, while a patient smoking 5 or 6 oz. of
tobacco would require a much larger dose, and that in general, if
tobacco consunption is kept at or below 3 oz. per week, satisfactory
visual inprovement occurs with 1 mg. of hydroxocobalamin thrice
weekly.

¥Fipg, 3=2. shows the alteration in plasma thiocyanate
cﬁncentration after 6 months intramuscular therapy with hydroxo-
cobalamin in 18 tobacco amblyopia patients, The mean plesma thio-
cyanate concentratién rose from 3h 4 16 pmole/l. to 6l ZO,umolqélu
This is e significent chanere (0,05> P> 0,025) and ths mean conce
entration in the treated patients was close to that of the group
of heelthy (non-amblyopic) smokers as shown in Figo =1, This rise
in plasma thiocysnate levels is accompanied by an incresse in urine
thiocysnate excretion, Fig. 3=3. shows the wmean perceutage alteration

in the urinary thilocyanate concnetration and the urine volume in a




ALTERATION IN URINE SCN~ CONCENTRATION
AND URINE VOLUME IN 14 PATIENTS
DURING HYDROXOCOBALAMIN THERAPY
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group of 14 tobacco amblyopia patients placed on treatment with
intremuscular hydroxocobalamin, There is a rapid rise which reeches
‘& peak around the end of the second week, followed by & gradual
decline, Wright-Thomson (1902) noticed such an increase in the
toxicity of the urine and a similar diuresis in tobacco gmblyopia
patients who were treated by abstinence from tobacco.

Thiocyanete ion behaves like chloride and is distributed in
the extracellular water in & similar manner. Thomas (1949) showed
that its renal excretion was directly related to chloride excretion
and to urine volume. Wokes & Ellis (1966) demonstrated a diurnal
rhythm in renal clearance which roughly parallelled the wrinary
excretion of total nitroren. They showed that the ratio of thio-
cyanate to total nitrogen in the urine was more or less constant,
but was lower in teetotal non-smokers on normalsdiets9 than in
normel subjects bult who had lower intakes of vitamin B 2.

In a erroup of untreated tobacco amblyopia petients a
significant inverse relationship was shown %o exist between plasma
thiccyanate concentration and ite renal clesrancs, After 3 months
treatmont with intremuscular hydroxocobalamin, howsver, thia
relationship became positive, the mean clearance rising from
0.59 T 0.40 ml./min. to 1.62 % 1,62 ml./min. Those £indings ave
countrery to the report by Stoa.(195?) showing that there wes no

relationship bhetwesn these two factors in normal healthy adults,
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Assessment of the patients' response to treatment may be
made by measurement of the levels of thiocyanate in plasma and in
‘urine, which provides a guide to the detoxification of cyanide, the
presuned toxic factor in these conditions. Clinical assessment can
be made by measurements of the patient's visual acuity, where the
visual acuity on the Snellen test type at 6 metres is expraessed as
& percentace, taking 6/6 as 100 % (Ridley,1959). Visual improvement
mey then be expressed in arbitirary units, with eech step representing
& doubling ox halving of the previéusly recorded visual acuity.

Foulds et al, (1970) compared the improvement in vision
over a period of treatment with a fraction representing the total
amount of hydroxocobalamin in mg, divided by the total tobacco
consumption in oz. during the peried of treatment, finding a signife
icant ﬁositiva correlation. They also suqqested that tokacco intake
was the major factor affecting response to therapy and compared
visual dmprovement after hydroxocobalamin treatment with the total
intake of tobacco alone, this time finding a significant inverse
correlation., From these results, they sugpeested that wisual
improvement was best in those patients smokineg least and receiwine
high doses of hydroxocobalamin, but, that to obtein satisfactory
improvement in very heavy smokers, it may be necessary to curteil

smoking during treatment with intramuscular hydroxocobalamin,
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Summery.

Hydroxocobalamin, by intramuscular injection, has been
used successfully for some years to treat tobacco amblyopia. The
observed rises in plasma and urinary thiocyanate and in renal
clesrance of thiocyanate suggest that hydroxocobalamin is enhancing
detoxification of cyanide by conversion to thiocyanate and AR
facilitatineg excretion of thiqcyanate in the vrine, The wvisuel
improvement obtained on treatment with hydroxocobelamin is dependent
upon tobacco (and hence cyanide) intake, and supports the dual
astiology proposed for tobacco amblyopie (Heaton et al,,?1958;Smith,
1961).
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(b) Intramuscular Therapy :in Leber's Hereditavry Optic Atrophy,

Close comparisons have heen drawn between Leber's hereditary
optic etrophy an@ tobacco amblyopia, both in its clinical picture
and in its mode of presentation (Schepens,i9L6;Foulds,1969). An
inherited defect in the wechaniem for the detoxification of cyanide
has been surcested as a possible cause of the disease (Wilson,1963,
65). Indeed, similarities in the thilocyanate levels in body fluids
found in tobacco amblyopia and in Leber's optic atrophy, in both
untreated and treated state, tend to suprest a common aetiology.

The mean plasma tlhiiocyanate concentration in 12 Leber's
optic atrophy smokers of 38 + 32 mmole/l. (Chisholm & Pettipgrew,1970)
is no different from the mean concentration of 34 + 16/umolq/1,
found in 18 untreated tobacco amblyopia patients (P> 0,05), bub is
much lower than the mean concentration of 65 4 33 pmole/l, in a group
of non~amblyopic smokers (see Figy 3-1,)s this difference being
nighly statistically sienificant (P< 0.01). This supports the findiops
of Wilson (1965) that Leber's optic atrophy patients who amoked
showed lower mean plasma thiocyanate concentration than ths mean
concentration found in normail smokers,

As with tobacco amblyoria,; Leher's optic atrophy patients
are placed on intramuscular hydroxocobalamin therapy. Fig. Z-l. shows
the chanpes in plasma thilocyanate, urine thiocyanate and renal

clesrance in 10 such patients over 12 months treatment .



MEAN PERCENTAGE INCREASE IN PLASMA

AND URINE SCN™ AND RENAL CLEARANCE
IN 10 LHOA. PATIENTS ON HYDROXOCOBALAMIN
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These patients exhibit & rapld rise in urinary thiocyeansto
comc@ntratian.with.a slow, progrepsive rise in plasma thlocyanate
and & very repld rise in renal clearance,

The negative relationship between thlocyaneste rensl clearance
and plasma thilocysnete concentration, found i wnmtreated tobacco
emblyople, con also be observed in Leber's optic atroph& patients
who smoke, After 12 monthé treatment, this relationship did,
héwaver, remain nepative bhut at & shobistically non-significant

level (Chisholm & Pettiwrew, 1970),

Bunaxy, | ‘

Although similar in meny aspects to tobasco amblyopia,
Poulds 6%, al. (1969b) have shown thet there is no corresponding
vitemin B 12 deficiency in Leber's h@r@ditanf optic atrophy. The
regponsas to %hﬁrapeutiﬁ bydroxocobalemin of Leberts optic atrophy
patients, in torms of thiocyanate s siwmilexr to tobacoo amblyopla,
This supports the suggeétimn of Wilson (1963,1965) that this
digsease may be dus to an inherited defect in the mechanism necessary
for the d@%axificatian of cyanida, Visvel improvemsnt in these
pati@nts'is‘nm% as pronounced eg in tobacco amblyopia patients
receiving the same trestment, but The increases in urinery
thiocyanate end iu the renal clesrance of thiccyanste would sugoest
that &yanida is being satisfactorily converted to thiocysuete and

cxoreted in ths urine,
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# |Plasma SCI (ome/1, ) Visual Acuity (%) |Total B 12 /Total
9 |Before| AMfter| Chanwe |3ef'ors) After|Chanpe in)Tobacco absorbed/Tobhacco
2 arbitrary| Consumption| (mg,) /Coansuned
, units (07.) __in 4 wonths,
A, 1110 122 |+ 12 2 LB bk 56 Bl/56 = 1,5
AHL 1375 117.9 1= 20 5 16 + 1% 6&ly. 8i/ 6l = 1,31
JoIs | 90 {2k fa B, N 8 |41 32 Bly/ 32 = 2,62
E .
EDeya 16 25 + 10 5 16 " ﬂ% 32 84/32 = 2,62
; _
% NP 24 32 158 g 12- Stopl?@d
i smoking
LR, |12y 96 |~ 28 16 |20 1+ % 48 84/48 = 1,75
!
B8] 36 | 8 {-28 6 132 |4 96 84/96 = 0,875
Mean | 62,8 | 65,6 11,4 126,8 | + 1%

16,6 22,1

2»}«0 06 6 a 1

3.9 | Hle2

10,7 16,1 |

Teble 3.1, Plasma Thiocyanate and Visual Aculty results from 7

Tobacco Amblyvopia Patients receiving Orsel Hydroxocobalamin at &

dose of 100 me,/day for o period of 4 months, Visual improvement

ia expressed in avbitrary units, with each unit repraescnting a

doubling or halvine of the previously recorded Visual Acuity (Seew

also D. 56, ).
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(o) Oral Hvdroxocobalamin Therepy in Tobacco Amblyopia,

Hydroxocohalamin therapy by intramuscular injection has the
edvantage of ensuring that the patient is receiving treatment. There
are, however, many obvious disadvantages to repeated injections, and,
at present, several tobacco amblyopié patients ere receiving an oral
preparation of hyﬂroxocobalamin, which may also be used in conJunction
with the parenteral tnerapy.

Treatment has recently heen commenced on a group of 7
patients suff'ering from tobacco amblyopis witﬁ an oral preparation of
hydroxocobalamin, at a dose of 1 tablet of 100mg. per day., This removes
the inconvenience of repeated injections, but has several disadvantages
in that it has been sugpested that ouly 1 % of the preparation is
absorbed into the body, and only 70 % of this 1 % is available as
hydroxocobalenin. This means thaty; of the crigiﬂal 100 mge ‘tablet,
possibly only 700 ne. ere avallable as hydroxocobalamin, the effective
therapeutic form,

After 4 months on this treatment, 3 of the group have shom
increases in plasma thiocyanate concentrations similar to that observed
in patients treated with intramuscular hydroxocobslamin. The mean
plasma thioccyanate concewmtration of the group rose from 62,8 wwole/L.
to 6506/umole/le, althouwh there were considersble variations hetween
individuals {see Table 3-1),

The mean fenai cleerance of thiocyanate of the eoroup rose

fwom 1.1 ml./mine to 2.2 ml./win, which iz e significent cheange

(p €0.01),
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RESPOINSE OF 7 TOBACCO AMBLYOPIA PATIENTS {

TO TREATMENT WITH ORAL HYDROXOCOBALAMIN E

FOR 4 MONTHS

(Total Cob(OH) = g4 mg./ 4 months )
Change in VA,
{arbitrary units)
®
1
M= -—015
+4
+3
+2 4
®
+1 - [ L4
o °
-1 -
_2 -
¥ 1 L]
10 2:0 30
Total Hydroxocobalamin(mg-)/Total Tobacco (oz.)
'
J

Pige 3-5. Relationship between change in Visual Acuity din 7

Tobacco Amblyonia Patients snd a fraction represantine the

total dose of Hydroxocobalamin and the total Tobacco Intake

dwrine the 4 moonths of treatment,
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Although the chenges in plasme and urinary thioayenote
concentrations are not lerge, there has been visuvael lmprovement in
all the patients in the growp. Visuval sciuby measuremnents refer to
the right eye only, and this convention has been adhered to in the
remainder of this text. In the 7 patients receiving orsal hydroxo-
cobalamin therepy, the mesn rate of recovery of vision was 1,5 units
in 4 months, or the equivalent of & rise in visual souity from 6/60
%o better then 6/24 on the Snellen test type. As with the thio-
ayanate results, the variation between individuals was considerable,
with only one patient (A.C.) showing satisfactory visval improvement
of 4% units after the periocd of treatment.,

As with the intramuscular therapy, it seemed that the
consunption of tobscco and the dose of hydroxocobalamin would 1&&1@5 noe
the response to treatment. Visual improvement over & period of !
menths of trestment was compared with a freation representing the
totel emount of hydroxecobalamin iﬁ mge (84 mg. over the 4 months
period) divided by the tﬁﬁal consunption of tobasco in oz, during
the seme pexiod, The results are shown in Fig. 3-H.s; whers a
negative corfal&tion ig evident (7 = ~ 0,15). Foulds et al, (1970)
found & poéitiﬁﬁ relationship between these two factors, in patients
receiving intramscular hydroxocobelamin treatment, which suggested
that the visuel improvement was best in those recelving hich doses

of hydroxocobalsmin and swoking least.




RESPONSE OF 7 TYTOBACCO AMBLYOPIA
PATIENTS TREATED WITH ORAL
HYDROXOCQOBALAMIN FOR 4 MONTHS

Total Cob OH = 84 mg./4 months

Change in V.A.
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Pige 3-6, Relatiouship between the change in Visual Aculty in 7

Tohacco Amblyopila Patients and the total Tobacco Intake during

the 4 months of ftreatment,
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Anomalous4reaults were also obtained when the visual
inprovement after 4 months of treatment was compared with the total
tobacco intake over this period, Fig. 3-6. shows that a positive
relationship was obtained between these two factors, This is
contrary to the findings of Poulds et al, (1970), who found an

inverse relationship between these two factors,

Su@gﬁ;x.

The changes in plesma thiocyanate concentration and in
renal clearance of thiocyamste reported in this study, suerest that,
as with the intramuscular treatment,; the oral hydroxocobalamin is

improving the conversion of cyanide to thiocyenate and its removal

in the urine, R

-The clinical picture is unclear, with visual ilmprovement
being observed in all the patients; as shown by the mean rate of
recovery of the sroup of 1.5 units, bul with veriations between
the responges of individuals in the group.

The results shown in Fig, 3=5, and FPig, 36,
coul& be explained by various factors.

1. The patients mey be absorbing only very small guentities
of the preparation.

2, The patients may bs absorbine only @ small proportion
of the preparation sas hydroxocobaleamin, perhaps even less than

th@’?OO/mxg sugrested previcusly.



B
3 They'méy be absorbing all the preparation; but the
dosage is insufficient to produce significant improvement,
| L, The number of patients studied is small; producing

atypical responses, o

fa
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Hydroxocobalamin and its Effect on Cyanide Metabolism,

To further the study of the effect of hydroxocobalamin on
qyénide and thiocyanate metebolism, & number of non-amblyopic subjects,
both smokers and non-smokers, were gi&en a course of hydroxocobalamin,
The subjects (in-patients being treated for cataract) were given
5 mg. per day for each of 3 days. Blood and urine collections were
made, before and after the treatment. Measurements of plasma and
urinary thiocyanate levels were unéertaken, f'or the smokers and non=-
smokers .separately, and for the group as a whole. The smokers and
non=-smokers, both male and female were of comparable ages,

(a) Smokers - The renal clearance of thiocysnate rose from
0.73 ml./min. to 1.08 ml./min., while the mean plasma thioccyanate
concentration appeared to fall from 54 + 25 pmole/l. to 35 + 11 jmole/1,
The mean 24=hour urinary thiocyanate concentration of the smokers
did not alter sipnificantly,

(b) Non=-smokers - The mean renal clearance of thiocyanate

showed a significant rise from 0.86 ml./min. to 1.86 ml./min,
(0902>;p)'0901)¢ The mean plasma thiocyanate concenbration appeared
%0 féll from 36 + 18 umole/l. to 28 + 9 amole/l.; althouph not
sienificently. The mean 2i-pour urinary thiocyanate concentration of
the nonw-smokers rose from 55 umole/2h hr. to 82 mole/2k hw.

" There was therefore, no evidence of « sigulflicent difference
between the effect of hydroxoecobalamin on either the smokers or

the non-smokers taken geparately. When these two groups wre combined,



ALTERATION IN URINE SCN™ IN NORMAL
SUBJECTS TREATED WITH HYDROXOCOBALAMIN
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Fig, 3=7. Alteration in Urinary Thiocyanate Concentrafion in 9

. . . . & .
Normal Subjects.treated with Hydroxocobelamin (lean ™ 2 S.E.M.),



ALTERATION IN RENAL CLEARANCE OF SCN~
IN NORMAL SUBJECTS TREATED WITH

HYDROXOCOBALAMIN
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Pig, 3-8. Alterastion in Renal Clearance of Thiocyenets in 18

Normel Subjects trested with Hydroxocobelemin (Meen® 2 S.B.H, )
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several interesting relationships emerge. Although the meen plasma
thicoyanate concentration did not alter significantly,; there wes
a significant rise in the meen urinary thiocyanate level from
W % 22 pmole/2h hr. to 75 + 11 amole/2h hr. (0,023 P> 0,01),
(see Fige 3=7.). This significent rise in urinery thiocyanate level
was saccompanied by a significant rise in renal clearance from
0,81 ml./min. to 1.5 mlo/min. (0.01> P> 0,005), but not by eny

inerease in the 24~hour urine volume., (Fig. 3=8).

BTy o

In this study, hydroxcoceobalamin tresatment caused rises in
the renal clearence of thiocyesnate in Both the smokers and non-
smokexrs, when teken separately, or together, and rises in the
urinary thiocyanate concentretion of the group as & whole, without
a significant rise in urinary voluma, These changes support the
previous fPindings thet hydroxocobalemin sets by aiding in the
conversion of cyanide to thiocyanate, end by enhancing its excrstion

in the urine,
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Possible Mode of Action of Therepeutic Byvdroxocobalemin,

Hydroxocobalamin has beem successful in the treatment of a
number of toxic amblycpliss helieved to be associated with cyanide
intoxication. Such therapy has allowed visusl improvemént in tobacco
amblyocpia and iw Leber'!s optic atrophy patients, even when smoling,
‘and therefore cyanide inteke, in malnteined. The mechenism of 1lts
sction iz not clear

. I% may combine with cyanide directly to form eyesnocobalamin
(Wokes & Picard,t955) Smith (1961) proposed thet the nouro-
retinal toxic effect of cyenide in vitamin B 12 deficiency could
be explained by this conversions and showedted that in vexry hesvy
smokers, with a presumed increased cysnide intake, a much higher
proportion of plasma vitemin B 12 was in the form of cyano-
cobalemin than in non-smokers, Wilson et el. (1971) have substan-
tiated this proposal by showing significantly elevated plasma
cyanocobalamin levels 4in tobacco amblyopia, Leber's hereditery
optic atrophy and in other toxic neuropathiesy, and proposed that
this was evidence of errors or fasilures in cyanide detoxification.

3@%@? & Rickerds (1952} shewed thet body itissues

contain more thlocyanabte than cysnlde, and sugpested that, in the
presence of such an excess, hydroxocobalamin cowld combine with
thicoyenate to form thicgyanatoccobalamin ss well as coubining

with cyanlide te form cyanoccobalemin,
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In a'later report (Wokes & Picard,1955), they sugrested
thet this thiocyanatocobalamin reverted to cyanocobalemin, giving
.up its sulphur to an active intermediate, to form a possible pre-
cursor of sulphur-conteining compounds such as sulphur amino acids,
The cysnocobelamin would then lose its cyanide to regenerate hydroxo-
cobalamin, and the cyanide thus liberated, could be converted to
thiocyanate by rhodanese, therehy completing the cycle (see Fige 1-7.)

Vitamin B 12 and Sulphur Amino Acids,

: Cysteine is derived {rom methioniney an essential aminc

acidy in steps thus -

Methionine ~» Homoqysteinezré Cyatathionine -9 Cysteine 4 Homoserine
+ e
Serine”

The net effect of the egbove reaction is an exchange of the
sulphbhydryl group of homocystelne with the hydroxyl group of serine
in a process termed transsulphwration, Thus, in the biosynthesis
of cysteine, the carbon chain arises from serine, whereas the
sulphur ig d@?ived from methionine, The dnterconwversion of cysteine
to ¢ystine -occurs reodlly in the body,

The hlosynthesis of methionine is a reverssl of the sbove
pathway, with the final step being the methylation of homocysteline
belleved to require the presence of a vitamin B 12 co-enzyme.

Vitemin B 12 is not ective a8 » co~enzyme, for any enzymatio




.
reaction. Rather a group of related substences, the vitemin B 12
co~enzymes, function in this capacity. The B 12 co-cnzymes were
initielly isolated by Barker et al, (1958), who showed that they
hed the cyanide replaced as a cobalt lipand, by the b-deoxyadenosyl
group. The enzymatic conversion of vitamin B 12 to the coenzyme B
12 requires FAD, NADH, ATP and glutathione as cofactors, This
deoxyadenosyl coenzyme B 12 is important in the transmethylation of
of homocysteine to-methionine'm the final step in the biosynthesis
of mathionins from cysteine, This reaction ié complicated, requiring
NADH, FAD, S-adenosyl msthionine, Nﬁmmetbylut@trahydrofolate and

the vitamin B 12 coengyme.

Nsnmetnyl tetrahydrofeolate + Homocysteine
NADH,FAD, S~adenosyl methionine,coenzyme

Jy B 12
Methionine + Tetrahydrofolate

The details of the reaction are far from clear. It has been
established that the methyl group of Seadenosyl wethionine is not
trensferred to homocysteine in this reaction, and that this
subgtance acts catalytically, Recent experiments have shown thet a
new form cf cobalamin coengyne may participate in methionine bio-
synthesis, Methylation of fully reduced hydroxocobalamin yields
methylceobalamin, which transfers its methyl groups both now~

enzymatically; and; abt en increased rate, enzymatically in the
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presence of the B 12 coengyme. This finding strongly suprests that
the cognzyme is an intermediate in methionine blosyvnthesis,

In mammaliean systems, N5wmathyl tetrahydrofolate serves as
a methyl eroup donor for methlonine.biosynthesis in a resction
reguiring catalytic amounts of S~adenosyl methionine,

The incresses in plasma and urinsry thiocyanate levels
and in renal clearance of thiocyanate brought about by treatment
with hydroxocobalahin, suggcsf that its mode of action is concerned
wlth -incressing the avallability of sulphur in a form accepiable
to the cyanide in the conversion to thiocyanate., Therspeutic hydroxo-
cobalamin may then act directly by conmbining with cysnide te form
cyanocobalaming which is excreted in the urine. It may also, as the
thiocyenatocobalamin proposed hy Wokes & Picard (1955)9 act as a
carrder of sulphur in relatively high amounts as shown by the ratio
of free cyanide to thioccyanste in body fluids which is in the order
of 1 : 1000. Hydroxoccbalamin may also act by replenishing the body
stores of adenosyl coenzyme B 12 énd could; therefore act through
methionine and the other sulphur amino acids to provide the necessary

substrates for the conversion of cyanide to thiocyanate,
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Sulphur Amino Acids in the Treatment of Cyanide Intoxication,

" ORAL CYSTINE THERAPY,

The feilure of a patient to detoxify cyenide mey be due to
a deficiency of witamin B 12, the importance of which hes been
discussed, or, of some sulphur donor necessaxy for the conversion
‘of eyanide to thiocyanate, One such compound is the sulphur amino
acid, cystine, well known to react with c¢yanide to yield cysteine
and péthiocyanoalanine (Voigtlin et al.;1926), thereby providing
a possible route for the detoxif'ication of cyanidse. Later workers
showed that the latter tautomerises to Z2~imino-L~thiszolidine cerb-
oxylic acid, the structure of which was proved by Wood & Cooley
(1956)” They showed that up to 15 % of cyanid@'enﬁering the body
could be recovered in the urine as this compound, with the remaining
85 % excreted in the uwrine as thioccyanate,

The use of cystine in the treatment of conditlions assoclated
with cyanide intoxication hes been sugpested by Osuntokun et al.
(1968) in a study of tropical ataxic neuropathy, thougbt to be
caused by conswnption of the cyanide-conteining foodstuff, cassava,
This condition was sccompanied by eolevated levels of fthioccyenate
in plasma and in the urine, and by reduced plasmws levels of sulphur
smino ascids, includine cystine, They suprested that theve mey be

a conditioned ebnormallity of cyenide mstabollsm srising Lrom the



ALTERATION iIN PLASMA SCN~ CONCENTRATION

IN 6 TOBACCO AMBLYOPIA PATIENTS BEFORE
AND AFTER 4 MONTHS ORAL CYSTINE

‘ (Total Cystine = 480 gm./4 months)
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Pig. 3=9, Alteration in Plesme Thiocyanate Concentration in 6

Tobacco Awblyopie Patients treated with Orval Cystine al a dose

of 4.0 em, per day for b months, (Wean 5 2 SeToilo )




2 I:lasma SCY (wm, /1, ) Visual Acuity (%) |Total —
9 Before| Af'ter| Change| Beforej After|Change in|Tobacco
yt erbitrary|Consumtion
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Pablo 3-2. Plasma Thiocyanate end Visual Acuity results from 6

Tobacco Amblyopia Patients receiving Oral Cystine (4 om,/ day for

L. monthg. Visusl imorovement is expressed in arvbitrary wuanits, with

each unit representine a doubling or halving of the previously recorded

Visual Acuity.(see 8lso p. 56, ).
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low protein intake and subsequent lack of sulphur amino acids to
act as substrate for cyanide detoxification. They therefore proposed
-theuse of cysteine, which is intercoavertible with cystine in the
body, in the treatment of this cond;tion which can obviously be
related to other neurological conditions similarly essociated with
cyanide toxicity.

Treatment wes commenced on a group of 6 tobacco amblyopiz
patients with a proparation of oral cystine at a dose of 4.0 gm.
per q%y, After one month on this tfeatmﬁnt, 3 of the group were
shown to have increases in plasma end urinery thiocyanate levels
gimilar 4o that previously obtained in patients treated with intra-
muscular hydroxzocohalamin, The mean plasma thiocyanate concentration
of the proup rose from 31 umole/l. to 62 umole/l., and the renel
clearance of thiocyanate from 0.6 ml./min, to 3.6 ml,/min., both of
these chanres being statistically sipgnificant (Chisholm & Petiigrew,
(1970).

After 4 months on this treatment, the mesn plesma thiocyanate
concentration of the proup rose from 50.5 p 29 pmole/L to 61l§‘i 34.8
jumolq/la, whimh failg to be significant (P> 0.05). Thess results
ore shown in Fig, 3-9, and in more detail in Table 3-2,

The mean rete of wvisuwal dmprovement of the group wes 1.5
unite in the L months of treatmont, which represents an lmwovement
in visual aculty of from 6/60 to better then 6/24 Srellea. To sasess

the patients'. response to the therapy, the improvemsnt in vision



RESPONSE OF 5 TOBACCO AMBLYOPIA
PATIENTS TO TREATMENT WITH ORAL CYSTINE
FOR 4 MONTHS

(Total cystine = 480 gm./4 months)
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Tobacco fmblyoris Patients end the totael Tobscco Intalke durine

the b months of treatment with Oral Cystine.There is a significent.

correlation (v = -0,948, © = G,001),
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over the period of treatment was compared with the total intake of
tobacco alone. The results are shown in Fig. 3-10., where a sig-
.nificant inverse relationship is evident (r= -O.9A8,P=6.001). As with
the patients on intramuscular hydroxccobalamin therapy, visual
improvement is best in those with a low intake of tobacco,

The larpe dose of 4.0 gm. of cystine per day is used in en
attempt to ensure that an adeguate guantity of this rather insoluble
substance is absox"bed9 and that a sufficiently high level of
cystin@ ig maintained in the tissues t6 aid in the detoxifilcation
of cyanide,

In an effort to ascertain the porcentage of the oral
preparetion of cystine absorbed, estimations of the levels of
cystine in the urine of patlents receiving this treatment were
vndertaken, The results indicated that the levels obtained in normel
and in thes urines were not statiatically significantly different,
and that they foll within the published ranges for cystine in the

wrine,



Summary,

In this study, the response to orel cystine therapy, in
terms of thiocyanate, is similar to the previous findings with intra-
muscular hydroxocobalsmine The increases in plasma thiocyanate and
in renal clearance of thiocyanate in patients receiving orsl cystine
supgest that the cystine is possibly providing sulphur in a form
acceptable for the conversion of cyanide to thiocyanate, The sulphur
coming from cystiﬁa and hence-cysteine s could; via methionine,
stimulate the synthesis of other sulphur amino acids to provide
sulphur in é form acceptable for combination with the cyanide. Some
of the cystine may also detoxify cyanide by combining directly with
it to form 2-~imino~4~thiazolidine cerboxylic acid, which can then
be excreted in the urine,

The response to therapy, as shown by a mean rete of recovery
of vision of the eroup of 1.5 units, was encouraging, and was
apparently dependent upon tobacco intake, epgrecing with findings

in the patients freated with intramuscular hydroxocobalamin,
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Other Sources of Sulphur for Cyenide Detoxification,

GLUTATHIONE IN RED BLOOD CELLS.

The sulphur-containing peptide, glutathione, is believed
to be an lmportant source of reduvced sulphhydryl eroups in the
blood. Ling & Chow (1953) showed that changes in soluble sulphhydryl
content in red blodd cells r@fiected primerily changes in gluta~-

thione levels,

Vitamin B 12 and Glutathione Levels,

Ling & Chow (1953) studied levels of glutathione in the red
¢ells of vitamin B 12 deficient rats and their vitamin B 12 -
injected and normel controls, and in the blood cells of patients
with pernicious anaemia in relapse, before and after treatment with
vitamin B 12. They concluded that vitamin B 2 deficicency in rats
caused & significant reduction in soluble sulphhydryl coupounds in
the blocd (as measured by red cell glutathione), 4 similer almw
pormality was also observed in patients with pernicious snsemia in
relepse, Administration of vitamin B 12 to elther deficient rets or
pernicious anaeria patients, was followed by a significant rise in
the levels of soluble sulphhydryl compounds in the blood, which
oventually became stabilised at o level comparable to those in
normnal, healthy individuals,

A later report (Liar & Chow,1954) showed that the blood
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levels of glutathione in normal rats could bes lowered by the
feeding of a hipgh carbohydrate - low fat diet coupled with glucose
injections0 This was accompanied by a rise in blood sucar levels
which persisted lone after the cessation of glucose injections,
Since vitamin B 12 deficilency likewlise causes the lowering of
blood glutathione, they suggested that the high carbohydrate
intake brought about a rapid depletion of vitamin B 12 stores in
the body, owing tohincraased réquirement for the vitamin in
carbohydrate metabolism. Administration of giutathione or vitamin
B 12 lowered the blood sugar and %they concluvded -that the effect of
this vitemin on blood glutathione may be of significance in its
role in metabolism. The rapidity with which glutaihione acts to
Jower the blood sugar after its dnjection, sugpoests that it may be
directly involved in the utilisation of carhohydrate. This suppos«
ition is substsntiated by the observetions of Cavallini (1951) on
the role of glutathione in the coupled oxidative decarboxylation of
pyruvate, and of Racker (1951) on the mechanism of glyoxalase
function and by the discovery by Krimsky & Racker (1952) that
glutathione is.the prosthetic group of 3-phosphoglyceraldehyde
dehydrogenase,

Red Cell Glutathione in Tobacco Amblvoplia,

Prom these findings of Ling & Chow (1953,54), it scemed
raasonable to expect reduced levels of glutsthione in the red cells

of patients sufferine from tobacco amblyopia, which most readily
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develops in patients whose dietery vitamin B 12 or asbsorption of
vitamin B 12, is, for some reason, defective, FPoulds et al. (1969)
reported that in a group of 65 tobacco amblyopia patients, 40 %
showed reduced serum levels of vitemin B 12 and 45 % hed defective
vitamin B 12 absorption, and that the levels of zerum vitamin B 12
in tobacco amblyopia was significauntly lower than in normal, none
amblyopic subjects,

The levelé of gluﬁathione'in the red cells of 32 tobacco
amblyepia patients were measured, Care was taken to exélude from the
study any such patients who also ﬁad the accoeonmpanying condition of
pernicious anaemia, while the remeinder were presumed to shve a
gormal witamin B 12 gtatus,

Fig. 3~11. shows the concentration of glutatbhione in the
red cells of 32 tobacco amblyopisa petients compared with that of 3
normal, non=smblyoplc subjects. The normal subjects were those used
by a colleague in the Royal Infirmary as controls, anf were,
therefore not expected to have either pernicious anaemia or tobacco
amblyopia. The ages in bath eroups were comparable and the estimation
conditions were ddentical. Glutathione cencantrations were expressed
as ng, of plutathione (%.S.H,) per gm. of haemoglobin (Hb).

Ling & Chow (1953) weported that the level of glutathione
in vormal healthy individuals raneed from 220 = 270 jpuole/100 wl of
calls, which, assuming an sverage value of 15 gme of Hb per 100 wl.

of whole blood converts to 2,03 to 2.5 wg./gm. of Hb. These results
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were in accord with eerlier findings of Benedict & Gottschall (1932)
that the normal glutathione content in humsn blood averaged 114 umole
)100 ml, of whole blood,; or 2,3 mg./gm. of Hb. upon conversion, The
mean level of glutathione in the normel subjects of 2,01 + 0,60 mg.
/eme. of Hb,, wes therefore in complete agpreement with the pub-

lished range, while the value of 0.786 + 0,13 mg./gm. of Hb., found

in the tobacco amblyopia patients, was significantly lower
w (0,012 P> 0,005), énd well outside the normal range.
Sequential measurements of red cell glutabhione and plasma
thiocyanate were made in patients receiving treatment. The results
are shéwn in Fig. 3-12.5 which sugrests that there is a possible

inverse rolationship between these two factors (r=-0,30,P =0,05),




In this study. the levels of plutathione in the red cells
éf patients suffering from tobacco amblyopia were found to be sig-
nif'icantly lower . than the levels in the normal subjects, This was
not unexpected, from the proven vitemin B 12 dsficiency in tobacco
amblyopia (Heaton et al,,1958;Foulds et al.,1969), and from the
refuction in glutathione levels demonstrated in vitemin B 12
deficiency'(Ling &.Chow,1953); but it is nonetheless surprising, since
cere ned been taken to exclude tobacco amblyopia patients with knowm
pernicious amsemia, and the tobacco amblyopes examined weore presumsd
to have normal vitemin B 12 status,

The possible laverse relationship between red cell glutathione
and plasma thiocyanate, makes it likely that glptathione mey be ine
volved, either directly or indirectly, in the production of sulphur

for the conversion of cyanide to thiocyanate,




SECTION FOUR,

CONCLUSIONS,

These studies support previous sugrestions that cyanide
is of considereble importance in the development of the toxic optic
neuropathies described here, and that its metabolism is very closely
linked with both vitamin B 12 and sulphur amino acid metabolism.

In particular, the results sugegest the following -

Tohacco smoke containg coyanide - and evidence of its conversion
to thiocyanate is the decreese in plasma thiocyanate observed during
abstinence, foliowed by the rise after resumption of smoking. A heavy
tobacco consumption could therefore allow a high intake of cyanide.

Measurements of plesms thiocyanate in patients with tohacco
amblyopia and in those with Leber's hereditary optic atrophy who
smoke, revealed lower levels than those found in normal (ton-

03

emblyopic) smokers. This was swrprising, since the tobacoo, and
presumably cyenide intake of thesce patients tended to be gresterv
thad that of the normel smokers, and does sugeest that if cyanide
derived from tobacco smoke, is Lo be considered important in the
development of these conditions, these patients rveveal a reduced
ability to coanvert cyanide to thiooyanét@y which could algo exploin

the eleveted levels of cyanide found in the plasmes of such paticats,

Tobacco amblyoepia and Leber's hercditary oplic atrophy
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patients show an apparent impairment in their excretion of thiocyanate
in the untreated state.

The increases in plasma and urinary thiocyenate and in its
excretion during the treatment of both tobacco amblyopie and Leber's
herediteary optic atrophy patients with intramusculer hydroxocobalamin
suregest that it is acting by meking more sulphur available for the
conversion of cyanide to thiocyanate, and by facilitating its excretion,
perheps by replenishing the bo&y stores of Adenosyl coenzyme B 12,
necessary for the biosynthesis of methionine and other sulphur emino
acids,

There is no corresponding vitamin B 12 deficiency in Leber's
hereditaxry optic atrophy, yet the response to therapeutic hydroxo-
cobalamin, in terms of thiocyanate, surrests thalt cyanide is being
detoxified in much the same way. The inheritable factor in Leber's
hereditary optic atrophy may be a defect in the preparation of a
suitable sulphur donor, either bhelfore or after the point 2t which
coenzyme B 12 is required,

These jnereases in the conversion of cyanide to thiocyanate
are sccompanied by visual improvement. Treatment may be required for
longer periods in Leber's hereditacy optic atrophy patients where
visual improvement is poor, and is continued, provided satisfectory
exoeretion of thiocyanate is maintained,

Althoush removing the inconvenicence of repeated injections,

the use of coral hydroxocobalamin has not been as successzful as the



i -
intramuscular hydroxccobalamin trestment. The generally poor visuel
inmprovement observed'in patients receiving oral hydroxocobalemin may
not be a typical response, but may be due to the small number of
pationts studied end/or problems in sbsorption of sufficient
quantities of the preparation. A fuller evaluation of the oral
hydroxocobalamin preparation as a replacement or supplement to the
intramuscular hydroxocobalamin therapy must therefore use larger
doses and a larger nunber of pétients.

. The supply of edditional sulphur diféctly, in the form of
oral cystine, has been successful in the conversion of cyanide to
thiocyanate as shown by the increases in both plasma and urinary
thiocyanate levels similar to those previously obteined in patients
treated with intramuscular hydroxocobhalamin, As before, these chanpges
have also been acconpanied by improvemsnt in thé patients! vislon,

The search for other possible sources of sulphur. led to
the tripeptide, Qlutathian@, known %o be an important source of reduced
sulphhydryl groups in the blood. Keasurements of red cell glutathione
in patients with tobacco amblyopla revealed lower levels than in
normal subjects, even wnen care had been taken to exclude those
tobacco amﬁlyoﬁes who also had known pernicious anasmia.Glutathione
is importent in the meintenance of the activity of several enzymes,
and a deficlency of it mey therefore also affect the metabiolism of

many other compounds, and not pairticularly those containing sulphur,
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necessary for the conversion of coyanide to thiocyanate,

The success of the oral cystine preparation in the treatment
6f tobacco amblyopia, together with of the finding of reduced levels
of glutathione in. the red cells of such patients, suggests that fubure
investigation should include a more complete study of the general
sulphur metabolism of ths-patients,“dth particulsar reference to
those sulphur compounds and their metebolites closely involved in
the detoxification §f cyanide,‘which appears to be the important

factor in the dsvelopment of the toxic opltic neuropathies dealt with

in these studies,
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