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Serum-iron estimations were not done until 16 hours
;lfter therapy was begun, when presumably a large quan­
tity of iron had already been excreted. (The crude side­
~oom test of the urine done with ammonium sulphide,
,\'QuId indicate this.) These figures are thus not a true
'eflection of the amount of iron absorbed but the initial
ligh figure does show that iron was being mobilized from
.he tissues and the subsequent fall in serum iron indicates
ts rapid excretion. This is well supported by the high
Jrinary excretion of iron from 31 January 1964 to 1
::-ebruary 1964 (9·02 mg. in 24 hours). Much of the ingested
ron was also chelated in the gastro-intestinal tract and

nsequently not absorbed.
There are 3 danger periods following the ingestion of

ron. The first follows soon after the pleasure of con­
uming the sugar-coated tablets, often within 30 minutes.
'here is excessive vomiting, resulting in dehydration,
hock and acidosis,IQ coma and sometimes death. Rarely,

'laematemesis, melaena, and perforation may occur. Apart
'ram the corrosive action of the drug on the gastro­
ntestinal tract (one of the old names for ferrous sulphate
s 'green vitriol'), the normal blocking mechanism for
estricting absorption of iron is not operative. The result
s that there is excess circulating iron and this can disrupt
'cllular metabolism and inactivate enzyme activity.s

If the patient survives the initial insult there is usually
l period where, except for vomiting, the child appears to
'e out of danger. This is fallacious. Sudden deterioration
\ith recurrence of circulatory collapse, coma and perhaps
leath, may occur 20 - 72 hours after the ingestion of a

xic dose. It is for this reason that desferrioxamine B
\'as continued here until the fourth day. This phase of

relapse is not well understood. There is probably a release
of excess ferritin into the circulation from the reticulo­
endothelial system as well as serious liver damage. 4. 5

Finally. as a result of corrosive action on the gastro·
intestinal tract, there may be late effects of fibrosis and
scarring and stricture formationG• 7 resulting in pyloric or
oesophageal stenosis. This may occur in 3 - 6 weeks.

SUMMARY

The danger of iron poisoning is referred to and a new
iron chelating agent is briefly described. The effect of this
drug in the treatment of a child, who had swallowed
ferrous sulphate gr. 150, is detailed and the conclusion
drawn that it is indeed a valuable addition to the therapy
of accidental iron poisoning.

We wish to thank CIBA Foundation and Pro£. L. Eales for
making desferrioxamine B available for this case: Prof. F. J.
Ford and Associate Prof. J. D. L. Hansen for their help and
advice; Prof. J. Kench and his staff for the laboratory data,
and Dr. F. J. W. Mostert, the Medical Superintendent of Red
Cross War Memorial Children's Hospital, for permission to
publish.
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DETERMINATION OF DESFERRIOXAMINE·BOUND IRON IN URINE
L. B. KAHN, M.B., B.CH. (RAND), Depanment of Chemical Palhology, Medical School, University of Cape Town

DETERMI 'ATlO ' OF IRON IN URINE AFTER ADDITION OF
FERROUS AMMONIUM SULPHATE

Iron measured tlG/IOO ml. urine
39

TABLE I.

Urine alone
Urine + ferrous ammo-

nium sulphate (500
,Ug/lOO ml. urine 552

Iron recovered 513
In order to measure desferrioxamine-bound iron in urine, it

was necessary to free the iron from the chelate, which ham­
pered formation of the iron-phenanthroline complex. This was
achieved in 2 ways.

Firstly, in view of the high degree of specificity of desferri­
oxamine for ferric iron, the ferric iron attached to desferri­
oxamine was converted to ferrous iron by addition of a
reducing agent, sodium metabisulphite. About 15 mg. were
added to the glycine-buffered urine in the cuvette inImediately
before the bathophenanthroline reagent. Maximum colour
development owing to the formation of iron-phenanthroline
complex then occurred after 6 hours, whereas in the absence of
a reducing agent it had not reached completion after 14 hours
(Fig. I). The percentage recovery of iron added to urine in the
presence of desferrioxamine was 85~:' when a reducing agent
was used. This demonstrates that reduction of ferric iron to
ferrous iron favours chelation with bathophenanthroline. In
addition, the stability of the ferrioxamine is much less at pH
1·9 than at pH 7·0.

Secondly, the desferrioxamine was destroyed by dry ashing
of the urine. The ferric iron released was then measured after
reduction with sodium metabisulphite. Maximum colour deve­
lopment occurred within only I hour, owing presumably to
the fact that there was no desferrioxamine to compete with the

EXPERIMENT AND RESULTS

t was first established that this method could be used to
leasure iron in urine as well as in serum. The iron present in

normal urine was determined before and after addition of a
.nown amount of ferrous ammonium sulphate (Table I). This
.dded iron was readily measured with the bathophenanthroline
eagent. In a comparison of the optical densities of identical
luantities of iron-phenanthroline complex in urine and in
erum, similar results were obtained.

n iron-chelating agent, desferrioxamine, was recently
lsed in the treatment of a case of accidental ferrous
ulphate intoxication in a European female child.I The
,mount of iron excreted in the urine was determined by a
nodification of the rapid incremental method of Beale,
iostrom and Taylor2 for serum iron. This method involves
lilution of serum with a glycine buffer of pH 1·9. At this
.JR, the iron in transferrin is liberated and addition of
'athophenanthroline results in the formation of a red
ron-phenanthroline complex. Beale et al. have demon­
trated that the iron-phenanthroline complex is most stable
t pH ]·9.
This present paper describes some of the difficulties

'ncountered in the determination of urinary iron in the
1resence of this special chelating agent, desferrioxamine,
nd the methods used to overcome them. The difficulties
re a consequence of interesting competition between 2
helating agents in different redox states.



AVAILABILITY OF DESFERRIOXAMINE

bathophenanthroline reagent. Both of the above procedures
were used to measure desferrioxamine-bound iron in the first
24-hour urine collection of the patient (Table m.

NH,(CH,), -N- CO(CH,),CONH(CH,), - T_ CO(CH,),CONH
I I

OH OH
(CH,), -N- COCH

I
OH

Hospital
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National Hospital·

Barberton Hospital
General Hospital"
Louis Trichardt Memorial
Pietersburg Hospital
General Hospital"

Addington Hospital·
Provincial Hospital
Provincial Hospital·

It has a high degree of specificity for ferric iron and will
bind 9·3 G of iron per 100 G of reagent. It is very stable
at pH 7·0 and readily water soluble. It readily removes
ferric iron from haemosiderin and ferritin.4 Nielsen,5 using
radioactive ferrioxamine and radioactive iron, has shown
by electrophoresis that transferrin is unable to take up
iron which is chelated to desferrioxamine, but that desfer­
rioxamine has a limited ability to remove iron bound to
transferrin.

The measurement of ferrioxamine-bound iron in urine
with a bathophenanthroline reagent is probably dependent
on several factors. Bathophenanthroline reacts preferen­
tially with ferrous iron and the complex is most stable at
pH 1·9. In contrast, desferrioxamine forms a complex with
ferric iron and this is most stable at pH 7-0. However,
neither pH change nor the presence of a reducing agent
cause instantaneous release of iron from ferrioxamine.
Desferrioxamine and bathophenanthroline thus seem to
act as antagonistic iron chelates, the bathophenanthroline
being the stronger at a pH of 1·9 and in the presence of a
reducing agent. After destruction of the desferrioxamine
by dry ashing of the urine and conversion of ferric iron
to ferrous iron, the iron can be rapidly measured with
bathophenanthroline.

CONCLUSIO

Ferrioxamine-bound iron can be measured in the urine of
a patient suffering from accidental ferrous sulphate poison­
ing and treated with desferrioxamine, by a modification of
the rapid incremental method of Beale, Bostrom and
Taylor. By conversion of the ferric iron to ferrous iron,
maximum colour development with bathophenanthroline
occurred within 6 hours. Preliminary dry ashing of the
urine followed by conversion of the ferric iron to ferrous
iron enabled maximal colour development to occur within
I hour.

I wish to thank Prof. J. E. Kench for his advice and
encouragement.
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Natal
Durban
Eshowe
Ladysmith

Orange Free State
Bloemfontein

Transvaal
Barberton
Johannesburg
Louis Trichardt
Pietersburg
Pretoria
South West Africa
Windhoek Government Hospital"

This list is of course a compromise, but it is hoped that it
will provide adequate cover. Supplies of Desferal (pending its
commercial introduction) will be replaced as necessary by
CIBA (Pty.) Limited.
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Aliwal North Hospital"
Beaufort West Hospital
Groote Schuur Hospital*
Frere Hospital*
George Hospital"
Kimberley Hospital"
Provincial Hospital*
Sir Henry ElIiot Hospital*
Victoria West Hospital"
Worcester Hospital
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TABLE II. MEASUREME1'.'T OF DESFERRIOXAMINE-BOUND
IRON I ' URINE

Iron measured mg.j24-hr. urine
Without preliminary ashing .... 9·02
With preliminary ashing 9·02

DISCUSSION

The ferrioxamines, a group of iron-containing metabolites
with growth-stimulating properties for a number of micro­
organisms, have been isolated from the Streptomycetes.3

These are reddish-brown complexes from which the triva­
lent ferric iron may be removed and desferrioxamines
formed. Desferrioxamine B is the chief product of elBA's
Streptomyces strain and has the following structural
formula:

Fig. I. Comparison of the rate of development of iron-bathophenan­
throline complex in 4 aliquots of a normal urine containing 500 fL g. of
added ferrous ammonium sulphate per 100 ml. urine. A=urine + iron.
B=urine + iron + sodium metabisulphite. C=urine + iron + desfer­
rioxamine + sodium metabisulphite. D=urine + iron + desferrio­
xamine.

Desferrioxamine B (Desferal - CIBA) is still in the clinical re­
search stage of its development and is therefore not available
commercially as yet. Pendi!lg its introduction commercially,
CIBA (Pty.) Limited has offered to place stocks of clinical
trial material free of charge at a number of centres in South
Africa_ This material is intended to be used only for the emer­
gency treatment of acute iron poisoning and will be available
on application to the Chief Pharmacist at the following
hospitals: (Hospitals marked with an asterisk have replied to
the offer at the time of going to press.)
Cape
Aliwal North
Beaufort West
Cape Town
East London
George
Kimberley
Port Elizabeth
Umtata
Victoria West
Worcester


