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Technical methods
Effect of unconjugated bilirubin
on the estimation of serum iron
by a modified Sanford technique

PAUL M. SMITH, JOHN E. MIDDLETON, AND ROGER
WILLIAMS From Southampton General Hospital
and King's College Hospital, London

The majority of methods for estimating serum iron
require preliminary precipitation of the proteins. To
avoid this Sanford (1963) used a detergent, Teepol 610,
and ascorbic acid, which release iron from its complex
with transferrin and allow colorimetric measurement of
the iron in the ferrous state, the proteins remaining in
solution. The use of Teepol had previously been suggested
by Webster (1960), who also recommended heating to
90°C, both to render the final solution optically clear and
to allow the estimation of iron present in the plasma in
unusual complexes such as iron dextran. The technique,
with the added modification of heating, appeared to be
eminently suitable for use in a routine laboratory and
over a three-year period it proved reliable and reproduc-
ible. However, in patients with congenital unconjugated
hyperbilirubinaemia unusually high values were obtained,
and the cause of this anomaly was investigated further.

RESULTS

Sanford's (1963) procedure was followed except that
bathophenanthrolinewas substituted for orthophenanthro-
line and the final test solution was boiled for 20 minutes.

Measurements in eight patients with congenital
unconjugated hyperbilirubinaemia (serum total bilirubin
levels from 1-6 to 15-7 mg/100 ml) gave plasma iron
values ranging from 291 to 460 ug/100 ml. as compared
with the accepted normal range of 80 to 160 ,g/100 ml.
In three patients the estimation was repeated on another
occasion using Trinder's method (1956) as well. Values of
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70, 125, and 140 ikg/100 ml were obtained, as compared
with figures of 491, 485, and 336 usg/100 ml, using the
modified Sanford technique. Plasma was also examined
from six patients with cirrhosis, three of whom had
raised levels ofserum total bilirubin (1P2 to 1P7 mg/100 ml)
and from three patients with obstructive jaundice (serum
total bilirubin levels 12-2 to 25 6 mg/100 ml). In each
instance conjugated bilirubin constituted 80% or more of
the total level. Plasma iron levels ranged from 25 to
175 pg/100 ml. and were also consistent with other
haematological findings.

Careful inspection of the final solution after heating
showed a slight opalescence when plasma from patients
with an unconjugated hyperbilirubinaemia was being
tested. This opalescence could be reduced by dilution of
the plasma before analysis and lower calculated plasma
iron levels were then obtained. In two patients with
congenital hyperbilirubinaemia figures of 630 and
334 iug/lOO ml fell to 250 and 185 jsg/lOO ml respectively
after a 1 in 5 dilution with water. When normal
plasma or plasma from a patient with obstructive jaundice
was diluted there was no significant change in the
calculated plasma iron.

Studies were also carried out in which unconjugated
bilirubin (Sigma crystalline grade III, previously dissolved
in M/10 sodium carbonate) was added to samples of
normal plasma. If these were boiled before the addition
of bathophenanthroline a similar opalescence was
observed, and if the resulting optical density was sub-
tracted from the reading obtained after bathophenanthro-
line had been added a similar value for the plasma iron
was obtained as from plasma to which bilirubin was not
added (Table I). However, when bilirubin, in concentra-
tions of 10 mg/100 ml, was added to standard iron
solutions, madeup in the absenceof plasma, no opalescence
was seen on boiling, and there was no significant increase
in the optical density recorded.
Plasma iron was also measured by the modified

Sanford technique in Gunn rats which have a congenital
unconjugated hyperbilirubinaemia (Table II). Exactly
the same effect was observed, with the optical density
rising after boiling in association with a visible opalescence.
There was only a small rise using plasma from control
albino rats.

TABLE I
EFFECT OF HEAT AND ADDITION OF BILIRUBIN ON

MEASURED PLASMA IRON VALUES

Bilirubin Level (mg/100 ml)

Total Direct

Apparent Plasma Iron Level aJter Heating
(;g/LOW ml)

(A) Before (B) After
Bathophenanthroline

B-A

Normal plasma
Normal plasma + bilirubin
Hyperbilirubinaemic plasma

Solution

05

52
6-6

<0 5
<0 5
09

776

0
47
192

72
119
320

72
72
128
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Plasma Total
Bilirubin Level
(mg/100 ml)

60
11 6
7 0
8 8

TABLE II
RESULTS IN GUNN RATS

Optical Density

Before

0 079
0218
0205
0 157

After Boiling

0 30!
0821
0 484
0 562

COMMENT

The addition of heating to the Sanford technique
causes opalescence only when the test plasma contains a
raised level of unconjugated bilirubin. The opalescence
may be difficult to detect and in such sera an initial optical
density should be recorded after heating and before the
addition of bathophenanthroline. The nature of the
opalescence is uncertain. Bilirubin added to standard iron
solutions did not produce opalescence whereas it occurred
with similar concentrations of bilirubin in plasma,
suggesting that a bilirubin complex is involved. The
effect was not observed with plasma containing conjugated
bilirubin, which is surprising, since conjugated bilirubin
is known to be split to free bilirubin and glucuronic acid
on heating. The liberated glucuronic acid may inhibit the
opalescence which would explain why it was not found
with plasma from patients with obstructive jaundice,
where a significant amount of unconjugated bilirubin is
also present. Alternatively, the liberated bilirubin may
differ from that present in indirect reacting sera and
from crystalline bilirubin in being one of the modified
forms postulated by Fog and Bakken (1967).

We would like to thank Dr D. C. Nicholson for much
helpful advice.
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Improved automated methods of
protein determination

D. F. GIBBS AND C. M. J. BRIGHT From the
Obstetric and Paediatric Units, University College
Hospital Medical School, London

This paper investigates the technique of Lowry,
Rosebrough, Farr, and Randall (1951) with a view to
improving on current automated techniques.
An automated method of protein determination using

Folin and Ciocalteu phenol reagent has been described
by Technicon Instruments Ltd (1961) which resolves
protein concentration down to 50 jig protein/ml at the
very best and does not give a linear function with con-
centration. The techniques described in this paper resolve
protein concentration down to 0-2 zg/ml and obey Beer's
law over a reasonable range. A method giving high
sensitivity offers distinct advantages when monitoring
fractions after column separation or gel filtration,
especially when dealing with small samples of lymph,
plasma, etc., such as are encountered in paediatric
practice. Hitherto these samples have necessitated
laborious and often inaccurate manual dilution.

REAGENTS

The Folin and Ciocalteu reagent was supplied by Fisons
Scientific Apparatus Ltd. ft was standardized to the
appropriate normality after determining the acid con-

centration by titrating against
N

sodium hydroxide to

pH 7 0 on a pH meter. Suitable additions of water were
then made. It was finally decided to use 0-5 N Folin and
Ciocalteu reagent (see results). Two per cent sodium
carbonate in 0 1 N sodium hydroxide and 0 5% copper
sulphate in 1% sodium tartrate, brought to pH 7 0 with
sodium hydroxide, were used. Solutions were all prepared
from analytical grade reagents.

STANDARDS

Primary standards were prepared from crystalline bovine
albumin to give ranges of 0 1 to 500 ieg/ml protein and
from 0 5 to 8 g/100 ml protein in isotonic saline.
Working standards were prepared by diluting Versatol

standards (William Warner & Co. Ltd, Eastleigh,
Hants).

METHODS

Manifolds were set up for a TechniconAuto Analyzer
(Technicon Instruments Ltd, Hanworth Lane, Chertsey,
Surrey), as shown on the flow diagrams (Figs. 1 and 2).
The rate of sampling in each case was 50 per hour
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