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liver iron concentration (Mg/1OO mg dry wt) Free ferritin (jAg/t) Bound ferritin (Mg/l)
No Mean ± SEM Range No Mean ± SEM Range No Mean ± SEM Range

8 1877 A 1206 555-4133 43 2599 ± 455 276-15870 43 3026 ± 378 160-9900
7 1427 ± 386 540-3571 8 1048 ± 346 120- 2646 8 831 ± 157 300-1554
0 110 ± 22 23- 250 21 553 ± 86 100- 1700 21 566 ± 92 60-1620
ND 27 150 ± 29 40- 230 7 449 ± 64 180- 710
ND 5 254 + 110 74- 680 5 504 ± 140 130- 920

20- 140 - -

Table 2 Correlation coefficients and significance offerritin concentrations compared with aminotransferase and
liver iron concentrations in patients with iron overload and liver disease

No of Total serum Free ferritin Bound ferritin % free Total ferritin:
patients ferritin concentration concentration ferritin aminotransferase

concentration (jIg/I) (J,g/l) ratio
(JAg/l)

3-thalassaemia major Aminotransferase 43 r = 0375 r = 0-24 r = 0-414 r = 0-117
IU/I p < 0 01 NS p < 0 01 NS -

Liver iron 8 r = 0-92 r = 0-85 r = 0 93 r = 0-086 r = 0-31
concentration p < 0-005 p < 0 005 p < 0 001 NS NS
Mg/100 g

Number of blood 20 r = 0 55 r = 0 49 r = 0 54 r = 0-15
units transfused* p < 0-02 p < 005 p < 0-02 NS

Primary haemochromatosis Aminotransferase 8 r = 0-682 r = 0 771 r = 0-112 r = 0 777
IU/I p < 0-05 p < 0-05 NS p < 0-025 -

Liver iron 7 r = 0-827 r = 0-714 r = 0-587 r = 0-337 r = 0-676
concentration p < 0-025 0 1 > p > 0 05 NS NS 0-1 > p > 0-05

Alcoholic liver disease Aminotransferase 21 r = 0 593 r = 0-727 r = 0-26 r = 0-269
IU/I p < 0 005 p < 0 001 NS NS -

Liver iron 10 r = 0 30 r = 0 15 r = 0-23 r = 0-08 r = 0-31
concentration NS NS NS NS NS

Primary biliary cirrhosis Aminotransferase 7 r = 0-619 r = 0 b r = 0-34 r = 0-188
IU/I 0 1 > p > 0-05 0-1 > p > 0-05 NS NS

Chronic active hepatitis Aminotransferase 5 r = 0-89 r = 0-96 r = 0-682 r = 0 47
IU/I p < 0 05 p < 0 01 NS NS -

r = correlation coefficient.
NS = not significant at 5 % level.
* = patients who had not received chelation therapy.
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Fig. I Total units of blood transfused plotted against
the total serum ferritin concentration for unchelated
thalassaemic patients.

Fig. 2 Total units of blood transfused plotted against
the serum ferritin concentration bound to concanavalin
A for unchelated thalassaemic patients.
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iron overload on the one hand, and those with
alcoholic liver disease alone on the other hand
(Fig. 4). The patients with iron overload and with
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Fig. 4 Ferritin (o%) not bound to concanavalin A
for the groups studied. The horizontal line represents
the mean value of each group.

alcoholic liver disease both showed a wide range of
results. The means of all three groups were signifi-
cantly increased compared with the normal controls
(p < 0-05) and with patients with primary biliary
cirrhosis (p < 0 05) (Fig. 4).

VITAMIN C STATUS

The leucocyte ascorbic acid concentration was
below the normal range (23-51 jug/108 WBC) in
seven of 27 thalassaemic patients tested with a mean
value of 31 3 + 4 3 (SEM), and range of 0 6-107
Hug/108 WBC. The mean free ferritin for the seven
non-thrombocytopenic ascorbic acid-deficient thalas-
saemic patients expressed as a percentage was
44.6% + 28 (SEM) range 33-56%, and did not
significantly differ from the ascorbic acid-replete
patients (means 43 1 °' + 3 9 (SEM), range l1 -80 %)
(p > 05).

SERUM FERRITIN:AST RATIO

Prieto et a12 showed a close correlation between
the serum ferritin: AST ratio and the liver iron
concentration in patients with liver disease and in
patients with iron overload. They also suggested
that a serum ferritin: AST ratio greater than 60
indicates iron overload. Whilst the ferritin: AST
ratio did not correlate with the hepatic iron
concentration in any of the patients in the present
study, no patient with chronic liver disease had a
ferritin:AST ratio of greater than 60, but 34 of 43
thalassaemic patients and four of eight primary
haemochromatatic patients did show a greater
ratio than 60 (Fig. 5).

Discussion

This study has confirmed a major contribution of
liver damage in determining total serum ferritin
concentration in the chronic liver diseases without
underlying iron overload.2 In addition, we have
shown that in both primary and secondary iron
overload the "total" serum ferritin is closely
related to the degree of hepatic damage as assessed
by the serum AST. Similar findings were reported
by Worwood et al'0 in a study of thalassaemic
patients. This relationship is probably due to the
increasing release of stored intracellular ferritin
with increased iron stores and increasingly severe
liver damage, but may reflect diminished uptake of
circulating ferritin by damaged hepatocytes, as the
liver is normally largely responsible for the clearance
of serum ferritin.11 From this study and that of
Worwood et al,10 it appears that liver damage may
be a particularly important factor in determining
the total serum ferritin concentration in iron-
overloaded patients.

() 1.
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Fig. 5 Total serum ferritin:aminotransferase ratio for
the groiups stuidied.

We have also confirmed the correlation between
the total serum ferritin and liver iron concentration
in patients with primary or secondary iron over-

load.2 12 For this study we excluded /-thalassaemic
patients with ascorbic acid deficiency as we have
recently shown that in f-thalassaemia major serum

ferritin concentrations do not correlate well with
liver iron concentration in the presence of ascorbic
acid deficiency.'3
Thus the total serum ferritin in iron overload

states is only an indirect measure of total body
iron stores and is related to, or affected by, a number
of variables, including liver iron concentration,
liver damage, ascorbic acid deficiency and probably
other factors. Moreover, normal serum ferritin
concentrations have been reported in precirrhotic
idiopathic haemochromatosis.14 It is important,
therefore, to estimate the liver iron concentration
as an accurate measure of total body iron stores in
iron overload states. The liver iron concentration
may be estimated from liver biopsy specimens9
or by the newer non-invasive technique of CT
scanning.'5 16

We were unable to show a correlation between
ferritin:AST ratio and the liver iron concentration

in the iron overloaded patients as was previously
reported by Prieto et al.2 However, we confirmed
their finding that a ferritin:AST ratio of greater
than 60 indicates marked iron excess, although iron
overload is not excluded by a lower value.
The findings here confirm those of Worwood

et a14 that the majority of the various isoferritins
present in normal serum bind to the lectin concana-
valin A. It has been suggested that the ferritin
binding to concanavalin A is glycocylated intra-
cellularly and enters the plasma by secretion rather
than by leakage through damaged membranes.417
If glycosylated ferritin is secreted from cells, it
might be expected to be related to liver iron concen-
tration rather than to serum AST which is more a
measure of liver damage. In the thalassaemic sera,
however, the fraction bound to concanavalin A
correlated both with the AST and with the liver
iron concentration, and showed a similar correlation
as the total serum ferritin with the AST and the
liver iron concentration.
The present results also show a correlation in the

thalassaemic patients between total serum ferritin,
bound ferritin and free ferritin with the total units
of blood transfused. However, neither bound nor
free ferritin showed a better correlation than the
total serum ferritin with the units of blood transfused,
confirming the findings of Worwood et al.10 Indeed,
they found that the bound ferritin showed a worse
correlation than the total serum ferritin with the
units transfused in thalassaemic patients.'0 They
also demonstrated a relation between bound ferritin
and ALT similar to the findings of the present
study for bound ferritin and AST. Worwood et al'0
suggested that in thalassaemic patients the level of
glycosylated ferritin reaches a maximum after 100
units of blood have been transfused.

In the sera from patients with primary haemo-
chromatosis it was the free serum ferritin, not bound,
in contrast to the thalassaemic patients, which
correlated with the liver iron concentration and AST.
This difference may be due to an effect of chelation
therapy as over half the thalassaemic patients had
received desferrioxamine. The total serum ferritin,
however, showed the closest correlation with the
liver iron. Indeed the percentage of the free ferritin
to the total ferritin in the different diseases did not
discriminate in evaluating iron excess from liver
damage.
Approximately 300% of alcoholics have increased

liver iron stores,18 which are not accurately reflected
by total serum ferritin concentrations.2 18 While
there was a close relation between the free ferritin
fraction and the AST, unfortunately none of the
ferritin sub-fractions correlated with the liver iron
concentration in the alcoholic patients.
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In contrast to the patients with alcoholic liver
disease the major proportion of the increased
circulating ferritin in patients with chronic active
hepatitis and primary biliary cirrhosis studied here
was found to be bound to concanavalin A and did
not correlate with serum AST. As there was no
evidence of iron overload in these patients, the
increase in glycosylated serum ferritin may reflect
diminished liver uptake of glycosylated ferritin by
damaged liver cells. Halliday et all' have shown that
the clearance rate of rat ferritin which is capable
of binding to concanavalin A is significantly slower
than the clearance of non-bound ferritin. Interest-
ingly, Birgegard had shown that the major propor-
tion of serum isoferritins circulating during acute
infection, as normal sera, bind to concanavalin A,'9
although in patients with acute hepatic necrosis, the
major proportion of circulating ferritin is not bound
to concanavalin A.9

Ascorbic acid deficiency is known to cause
abnormalities in iron and ferritin metabolism,20-23*
We could not, however, detect any difference in the
proportion of serum ferritin binding to concanavalin
A between ascorbic acid-deficient and replete
thalassaemic patients.
Thus this study has not shown that measuring

the serum ferritin fraction binding to concanavalin
A is a more useful way of assessing iron stores in
patients with liver damage than the total serum
ferritin alone. Measuring this fraction does not
appear to offer any advantage over total serum ferri-
tin in assessing body iron stores.
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