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immunoradiometric assay.12 Leucocyte ascorbic
acid concentration was estimated by the method of
Denson and Bowers.13 Serum aminotransferase
(aspartate transaminase) was measured on the same
day as ferritin and leucocyte ascorbate. Serum iron
and total iron binding capacity were determined
by the method recommended by the ICSH.'4
Follow-up serum ferritin, iron and iron binding
capacity estimations were performed within six
months of starting subcutaneous desferrioxamine'5
(2 to 4 g daily) and oral AA therapy (200 mg daily)
in 21 initially AA-deficient and six initially AA-
replete patients.

Liver biopsies were performed percutaneously in
44 patients using a Menghini needle, and the liver
iron concentration measured.16 Repeat liver biopsies
were performed in 12 patients who were initially
AA-deficient, after treatment with oral AA and
chelation with subcutaneous desferrioxamine in-
fusions. The data were analysed using Student's
paired and unpaired t tests except where stated.

Results

INCIDENCE OF ASCORBIC ACID DEFICIENCY
Thirty-nine (64%) of the 61 patients showed leuco-
cyte AA concentrations below the normal range
(23-51 HUg/108 WBC). The mean leucocyte AA
concentration for all 61 patients was 17-7 lzg/108
WBC + 1-3 (SEM). No patient had clinical evidence
of scurvy.
There was no significant difference between the

AA-replete and AA-deficient patients with regard
to either serum aminotransferase concentrations
(p > 0 5) or the degree of iron overload as judged
by the liver iron concentration (p > 0 5) (Table).
However, there was a tendency for the liver iron
concentration and number of units transfused to be
greater in the AA-deficient group (Table). This
was confirmed when a significant negative correla-

tion (r = -033; p < 001) was observed between
units of blood transfused and leucocyte AA con-
centrations.

In order to assess liver iron loading in relation to
the units of blood transfused, a ratio was obtained
by dividing the liver iron concentration by the number
of units transfused (Table). There was no difference
in the mean ratios between AA-replete and deficient
patients (p > 0-5).

SERUM FERRITIN
A significant but weak correlation (r = 0-42;
p < 0-005) was obtained between the serum ferritin
and liver iron concentration in the 44 patients who
had had liver biopsy (Fig. l). The positive correlation
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Fig. I Serum ferritin plotted against liver iron
concentration in thalassaemic patients at presentation.
The regression line was obtained using data from
ascorbic acid replete patients. ---- represents three
standard deviations from the r-egression line.

became stronger (r = 0 77; p < 0-005) when the
32 AA-deficient patients were excluded (Fig. 1),
but weaker for the AA-deficient group alone
(r = 0 395; p < 0-025). Interestingly the good
correlation between serum ferritin and liver iron

Initial laboratory data

Ascorbic acid replete patients Ascorbic acid deficient patients

No Mean ± SEM Range No Mean + SEM Range

Serum iron (yLmol/1)
Before AA* 5 37-6 - 1-8 33- 44 15 34-6 i 17 26- 48
After AA* 5 37 0 ± 43 25- 51 15 42-0 1-8 29- 54

% saturation of iron binding capacity
Before AA* 5 87 a 90 59- 116 13 72 4-8 44- 106
After AA* 5 91 4-6 76- 100 13 92 2 8 74- 106

Serum ferritin (,ug/l) 22 8700 ± 1301 2000-15200 39 10440 909 1740-24000
Liver iron (,ug/100 mg dry wt) 12 3568 ± 528 780- 7228 32 4134 ±407 1080-10560
Units of blood transfused 20 135 103 2- 340 39 189 i 100 28- 408
Serum aminotransferase (IU/I) 22 62 9-95 14- 207 39 62 L 53 16- 126
Liver iron: units of blood 12 28 0 - 17 7 8- 59 32 24-5 ± 168 3- 82

*The results before and after ascorbic acid (and subcutaneous desferrioxamine) therapy are given for serum iron and % saturation of the iron
binding capacity. Other data are initial values only.
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concentration in the AA-replete group, held even /
in 11 of the patients in whom serum ferritin concen-
trations exceeded 4000 ,ug/l (Fig. 1). Eleven of 12 18000 /
AA-replete patients fell within two standard
estimates of the regression line (y = 3209 + 1 56 x)
(Fig. 1), whereas only 17 of 32 AA-deficient patients 16000 p>0.1 p<0025
fell within two standard estimates of the same N S
regression line. This difference between the two -
groups was significant, p < 0-05, x2 = 4-06 with on
Yates' correction. A close correlation (r = +0-82;\
p < 0 0005) was also observed between serum ferritin c 12000 X
and units of blood transfused in 20 AA-replete '2
patients, nine of whom had received more than 100
units of blood (Fig. 2), but there was no such c 10000
correlation in 39 AA-deficient patients (r = +0X22; U

c
NS). The total units of blood transfused were not _ 8000
known for two AA-replete patients. a)

E D~~~~~~~
24000 r=+082 (p<00005) ( 6000 -

y 2479+46 1x*

20000
o0 4000
-16000 <K
8000. ~~~~~~~NR

E 0
Before After Before Afterur4000- * *AAdeficient AA replete

(n=21) ( n=6 )
° 4 360 Fig. 3 The effects ofascorbic acid treatment on serum
0 40 f i lk 20 21O0 32 6 ferritin concentration.
Units of blood tronsfused

Fig. 2 Serum ferritin plotted against total units of
blood transfused in ascorbic acid replete patients. 7000 r= + 0 847

(p<0 005)

EFFECTS OF ASCORBIC ACID THERAPY _ 6000 y=-1338+(258x)
Despite simultaneous therapy with desferrioxamine ' |*
there was an increase in serum ferritin concentration 5000 -

during the first six months of AA therapy in 13/21 .0

patients (Fig. 3), although the mean rise was not *
significant (t test for paired samples, p > 0-20 < g 4000

-

C 00-5). In contrast there was a significant fall in the 8
serum ferritin concentration with chelation and c3000/
ascorbate treatment in six AA-replete patients -
(p < 0-025). After treatment with AA and desfer- E 2000
rioxamine 12 previously AA-deficient patients were D

rebiopsied from 6-13 months later. A close correla- /
tion was then observed between the serum ferritin 1000 /
and liver iron concentration (r = + 0-847; p < 0 005)
(Fig. 4), which had not been present at the initial 0 I

biopsy (r = +0-34; NS). ° 1°° 2000 300
The serum iron and percentage saturation of the Liver iron concentration (,ug/100mg dry weight)

total iron binding capacity rose despite chelation Fig. 4 Serum ferritin plotted against liver iron
in 13/15 and 11/13 respectively of patients after AA concentration in previously ascorbic acid deficient
treatment (t test for paired samples p < 0-02 for patients after ascorbic acid repletion.
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both measurements). In contrast the serum iron and
percentage saturation fell with chelation in 3/5
patients who were initially AA-replete (NS).

Discussion

This study has shown that ascorbic acid (AA)
deficiency commonly occurs in P-thalassaemia major
especially in the older and more transfused patients.
These results are in keeping with previous studies of
patients with idiopathic haemochromatosis,3 17trans-
fusional iron overload3 and Bantu siderosis.2 It
appears, therefore, that both primary or secondary
iron overload commonly lead to AA deficiency.
In Bantu patients with siderosis the depletion of the
vitamin has been shown to be due to accelerated
catabolism of ascorbic acid and this has been
ascribed to the large amounts of ferric compounds in
the tissues.18

Ascorbate deficiency causes major abnormalities
in human iron metabolism. We have confirmed that
in iron-loaded AA-deficient thalassaemic patients,
like siderotic Bantu,2 the serum iron is inappro-
priately low in relation to tissue iron stores and
rises to appropriate concentrations with AA treat-
ment. Ascorbate deficiency also leads to an increased
concentration of haemosiderin and decreased
ferritin content in cells.2 3 These changes can be
rapidly reversed by the administration of AA. In
the guinea pig, AA has been shown to be involved
in the incorporation and release of iron from
ferritin.4
The results here show that in the presence of AA

deficiency the serum ferritin concentration does not
correlate with body iron stores, assessed by liver
iron concentration or by units of blood transfused.
The normally close correlation shown by Letsky
et a!'9 can be restored by AA repletion. These
inappropriate concentrations of serum ferritin in
the AA-deficient group could not be ascribed to
variation in liver damage, which is known to affect
serum ferritin concentrations as the activities of
aminotransferase were similar in the AA-deficient
and replete patients.
The exact effect of AA therapy on serum ferritin

concentration was difficult to assess since we

commenced desferrioxamine chelation simul-
taneously with AA in all patients. This was essential
in view of the suggested toxicity of AA therapy
alone in iron-loaded thalassaemic patients.20 Since
desferrioxamine lowers serum ferritin in patients
with thalassaemia major within a few months21 it
was impossible, therefore, to elucidate the effect of
AA therapy alone on serum ferritin in these patients.

In our AA-replete patients there was a close
relation between the serum ferritin concentration

and iron stores, irrespective of the level of serum
ferritin or the total number of units of blood trans-
fused. Worwood et a!22 showed that in thalassaemic
patients a simple relation between serum ferritin
and iron stores cannot be assumed when ferritin
concentrations exceed 4000 pg/I or in patients who
have received more than 100 units of blood. As
shown in the present study, however, this breakdown
in relations may be due to concomitant AA deficiency
in the more iron-loaded patients. Indeed the cor-
relation coefficient obtained from our regression
line of serum ferritin against units of blood trans-
fused in AA replete patients who have received more
than 100 units is similar to that found by Letsky
et a!'9 and Worwood et a!22 for patients who had
received less than 100 units of blood. Patients who
have received more than 100 units of blood are
likely to be AA-deficient which may explain the
flattening of the regression line'9 and the poor
correlation between the serum ferritin and iron
stores22 previously observed in such patients, and
which was not seen in our AA-replete group. It
has been suggested that the flattening of the regres-
sion line is caused by the secretion of glycosylated
ferritin reaching a maximum with increasing iron
accumulation.22 AA deficiency may, therefore,
selectively reduce the secretion of glycosylated
ferritin, perhaps by reducing its synthesis but this
remains to be established.

There have been few reports on the effects of AA
deficiency on serum ferritin. AA deficiency in the
guinea pig causes serum ferritin concentrations to
fall inappropriately and blocks the rise in serum
ferritin level in response to iron loading.23 Cohen
et a!24 reported an AA-deficient f-thalassaemic
woman with clinical evidence of scurvy whose serum
ferritin increased threefold on AA replacement
therapy. They suggested that AA deficiency may be
beneficial in iron overload by leading to preferential
storage of iron in the reticuloendothelial system
rather than the parenchymal cells of the liver and
heart where the effects of iron are more toxic. We
have not confirmed that AA deficiency leads to
relative sparing of parenchymal iron deposition,
at least assessed by liver iron concentration since
the ratio of liver iron concentration to total
numbers of units transfused was not significantly
lower in the AA-deficient patients, compared with
the AA-replete group.
The present study shows that AA deficiency in

thalassaemia major is related to the number of
units of blood transfused, and causes an inappro-
priate serum ferritin in relation to tissue iron stores.
The mechanism by which serum ferritin concentra-
tions are affected by AA remains uncertain. At all
events it is important to assess AA status in all
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patients with gross iron overload if serum ferritin
is to be used to assess the degree of iron overload
and to monitor the effectiveness of chelation therapy.
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