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IRON CHELATION IN RED CELL GHOSTS

SiR,&mdash;Dr Green and his colleagues (Aug. 16, p. 327) reported im-
proved iron excretion by patients with iron overload in response to
desferrioxamine when the drug was administered in red cell ghosts.
Increased urinary iron losses of 1’ 8-24 - 3 mg (mean 11-1 1 mg) were
seen in ten patients compared with the yields obtained after conven-
tional treatment with the same dose of the drug. Impressive through
these figures are, there are theoretical grounds for questioning the
validity of this approach to iron chelation therapy which were not
discussed. The method used for the preparation of the drug-
containing ghosts is likely to result in the retention of substantial
amounts of haemoglobin within the resealed membranes so that not
only desferrioxamine but also an additional iron load may be
delivered during treatment. For example, when 300 ml blood is used
to prepare the ghosts, the size of this iron load may be as much as 30
mg if it is assumed that, after red cell lysis, haemoglobin is
distributed homogeneously throughout the preparation and that the
volume of the "red cells" is unchanged after resealing.
Another estimate of the iron load may be made using Green’s

figures for desferrioxamine uptake, if it is further assumed that the
amount of the drug and of haemoglobin trapped within the resealed
membranes is simply a function of their concentration in the
preparation and that no special transport mechanisms are involved;
in this case 6-38 mg iron would be infused.

If these estimates should prove realistic, any advantage accruing
from the increased iron excretion would be more than outweighed
by the additional iron administered. In any event, it seems likely that
some haemoglobin would be retained by the ghosts and this clearly
needs to be taken into account in assessing the efficacy of the new
procedure.
An alternative approach might be to use "white ghosts" prepared

by introducing additional washes into the method before the desfer-
rioxamine is added, but this may result in more rapid clearance of
the drug-containing membranes and less effective iron chelation if
slow release of the drug is important in improving iron chelation, as
postulated by Green and his colleagues.
Northwick Park Hospital
and Clinical Research Centre,

Harrow, Middlesex HA1 3UJ GERALD N. SMITH

* Dr Green and his colleagues reply as follows.-ED.L.

SIR,-We are aware that net iron loss is the ultimate criterion by
which any method for iron chelation is judged. There is some
residual iron in the form of haemoglobin in our resealed red blood
cell ghosts and to some extent this does diminish the gain in iron
chelating efficiency, but the problem is not nearly as serious as Dr
Smith suggests.
In our initial clinical studies we used modest doses of

.desferrioxamine in view of the novelty of this route of iron chelator
administration. From these studies, it was clear that administration
of desferrioxamine in red cell ghosts considerably augments iron
chelating efficiency compared with slow subcutaneous infusion.
Consequently, we have sought further to enhance the red cell ghost
system by increasing the amount of entrapped desferrioxamine
while at the same time reducing the amount of retained

haemoglobin. Hypotonic haemolysis is now carried out using a
volume ratio of 4 parts desferrioxamine solution (previously 2 parts)
to 1 part red cells. Furthermore, the phosphate-buffered sodium
chloride solution that is used to restore isotonicity now contains
desferrioxamine (100 mmol/1) as well. We are thus able to entrap up
to 4 g desferrioxamine in 200 ml red cell ghosts. This has a
theoretical iron chelating capacity of374 mg. Residual haemoglobin
iron is approximately 40 mg.
A practical example of how we have been able to improve the

efficiency of the system is illustrated by a recent patient whom we
studied in collaboration with Dr Carol Hyman (Cedar Sinai Medical
Center, Los Angeles). A 32-year-old woman with thalassaemia
major was given 2 g desferrioxamine in 130 ml red cell ghosts and
she excreted 109 mg iron in her urine. The iron content of the ghosts

was 18 mg. Net urine iron loss was therefore 91 mg. In response to
the same dose of desferrioxamine by slow intravenous infusion over
12 h, she excreted 39 mg iron in her urine. Thus, based on net
figures for urine iron loss, there was more than a doubling of iron
excretion when desferrioxamine was given in red cell ghosts rather
than by slow intravenous infusion. Intravenous infusion is,
moreover, more efficient than slow subcutaneous infusion for

equivalent doses of desferrioxamine infused over the same period of
time. I

We have also tried to prepare haemoglobin-free ghosts ("white
ghosts") containing desferrioxamine but have encountered

problems. White ghosts are more "leaky", so that more

desferrioxamine is lost through efflux after preparation of the
ghosts, and they are less dense, so that it is necessary to subject them
to greater centrifugal forces for longer periods of time during
washing, and this complicates their preparation.
Shortening of ghost survival should not result in less effective iron

chelation as suggested by Dr Smith. We did not postulate that red
cell ghosts provide a depot of circulating desferrioxamine for slow
release into the circulation. Instead, we proposed that entrapment of
the drug in ghosts facilitates entry of desferrioxamine into reticulo-
endothelial cells through a Trojan horse mechanism. Slow release is
considered to be a consequence of subsequent gradual dispersal
of the desferrioxmine released from broken down ghosts within
reticulo endothelial cells. Our experiments in rats confirm this
hypothesis. Ghost survival is very short (Ty clearance of 40 min) yet
the extent and pattern of enhancement of iron excretion in rats is
very similar to what we have found in man.3 
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ANTIPSYCHOTIC EFFECT OF &ggr;-TYPE ENDORPHINS
IN SCHIZOPHRENIA

SIR,-In animals the (3-lipotropin (&bgr;-LPH) fragment [des-Tyr1 ]-y-
endorphin (fl-LPHI,2-77;DTyE) affects behaviour in a way reminis-
cent of classical neuroleptic drugs. 4,5 Subsequently, we found, in
one open and two double blind, crossover trials, that psychotic
symptoms of some patients with schizophrenic psychoses diminish-
ed during treatment with DTyE (6,7 and unpublished). Some pa-
tients showed a marked reduction in symptoms while others hardly
responded at all. Thus, we looked in more detail at the symptoms,
illness course, and drug history to see if response to DTyE was
dependent on these characteristics.
The response to DTyE (1 mg i.m. daily for 8-10 days) was assess-

ed by calculating the difference between the total BPRS (brief
psychiatric rating scale) score of each patient before the trial

(baseline score) and that at the end of DTyE treatment or 2 weeks
after treatment. The response was expressed as a percentage of the
baseline score and was used for dividing the patients among four
groups: (A) <20% improvement (no response); (B) 20-50% (slight
to moderate); (C) 50-80% (moderate to marked); and (D) >80%
(marked). Few patients were in group C so groups B and C were
combined in some analyses to form group B+C (moderate
response). Of the 23 patients, 7 showed no response to DTyE treat-
ment, 9 patients displayed a moderate response (slight-moderate 6,
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TABLE I-DECREASE (% OF BASELINE) IN BPRS SCORE AT END OF OR 2
WEEKS AFTER (DES-TYR’) y-ENDORPHIN TREATMENT IN PATIENTS

WITH SCHIZOPHRENIC PSYCHOSES

*Diagnosis assigned only when patient had been in hospital for at least 5 years.

moderate-marked 3), and 7 patients responded markedly to DTyE.
There were hardly any differences between mean BPRS baseline
scores for the three groups (no response 33 - . 9&plusmn;SEM4 0, moderate
response 33 - . 9&plusmn;4 0, marked response 3l . 6:t3 - 3).
The patients were diagnosed, by symptoms and course of illness

and on the W.H.O. classification, as having various subtypes of
schizophrenic psychosis. The 2 patients with the hebephrenic type
of schizophrenia improved markedly upon DTyE treatment (table
i). The patients with paranoid schizophrenia improved moderately
to markedly, while in those with a catatonic type a slight-moderate
response was observed. Patients with residual schizophrenia or
schizoaffective psychoses did not respond to DTyE. ,

We next looked at the duration of neuroleptic treatment and the
dosage (expressed as percentage of the mean normal dose of
neuroleptics used for 6 weeks before the trial). If a patient received
more than one neuroleptic drug (in 5 cases), the doses (percentages)
of each drug were added. Both the dose and the duration of
neuroleptic treatment were negatively correlated with response to
DTyE (table n). Scatter diagrams show that the correlation between
dose level and response fulfils the criteria for correlation (the kur-
tosis value indicates a normal distribution). However, the plot of
duration of neuroleptic treatment and response was dispropor-
tionately influenced by the data for patients treated for a long time
(kurtosis value indicates a heavier tail than in a normal distribution).
The response to DTyE was also negatively related with the duration
of the last psychotic episode, the duration of illness, and the
patient’s age (table n). However, the data for some patients (except
age) were widely scattered.
An identical analysis of data obtained in a recently completed.

double-blind, placebo controlled trial, in which 17 schizophrenic
patients were treated with (des-enkephalin)-y-endorphin (DEyE,
&bgr;-LPH66.77)’ a peptide with the same neuroleptic like activity asDTyE in animal experiments,9 revealed a similar pattern of

response with respect to the subtype of schizophrenia (hebephrenic
100% response, n=l; catatonic 41 &plusmn;SEM6%, n=5; paranoid
62&plusmn;7%, n = 11) as that obtained with DTyE. Patients injected with
placebo only hardly responded (1 0:t3%, n = 6). Both the neuroleptic
dose and the duration of the last psychotic episode were negatively
correlated with response to DEyE, (r = - 0 - 48, p<0 - 05, and - 0 - 54,
p<0’ 05, respectively). In contrast to the findings with DTyE, the
response to DEyE was not significantly correlated with duration of
neuroleptic medication or illness and age (r=-0,358, -0,145,
+ 0’ 087). The kurtosis values indicate normal distribution for all
variables.
Thus not all schizophrenics react similarly to treatment with

y-type endorphins. The response varied from no effect to complete
remission of psychotic symptoms. This may be a consequence of the
treatment conditions (e.g., dose level, treatment period) or of the
heterogeneity of schizophrenic psychosis. 10
One interesting outcome of this analysis is that the dosage of

neuroleptic medication seems to have had a special influence on the

8. van Praag HM Psychotropic drugs. a guide for the practitioner New York. Brun-
ner/Mazel, 1978

9. de Wied, D, van Ree JM, Greven HM. Neuroleptic-like activity of peptides related to
des-Tyr1-&ggr;-endorphin: structure activity studies Life Sci 1980; 26: 1275-79.

10. van Praag HM. About the impossible concept of schizophrenia. Comprehensive
Psychiat 1976, 17: 481-97

TABLE II-RESPONSE TO (DES-TYR’) y-ENDORPHIN (DTyE) IN RELATION
TO NEUROLEPTIC TREATMENT, DURATION OF ILLNESS AND AGE

I I

*2 patients who had been free of neuroleptic medication for more than 6
months were assigned a dose level of 10%.
t Correlation analysis done on computer program BMDP6P (dose of neuro-
leptic were log, transformed).
*Values greater than zero indicate distributions with heavier tails than the
normal distribution.

response to y-type endorphins. It may be that these were not effec-
tive in those patients who were also insensitive to neuroleptic drugs
and had thus received high doses of them. It is also possible that high
doses of neuroleptics disturb functional brain processes, for some
time or perhaps permanently, and that as a result the interaction of
y-type endorphins with their substrate is less effective. A beneficial-
effect of y-type endorphins can be expected in patients whose most
recent psychotic episode was short and who are not on drugs or are
taking only low doses of neuroleptic drugs.
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DES-TYR1-&ggr;-ENDORPHIN IN SCHIZOPHRENIA
SIR,-From the observation that the non-opiate-like des-tyrosyl

derivate of y-endorphin (DTyE) has neuroleptic-like activity in
rats,I,2 the hypothesis emerged that this substance may function as
an "endogenous neuroleptic". Clinical trials were undertaken to
try to evaluate possible antipsychotic effects of this compound. 4 In
an open trial, Verhoeven et a1.4,5 investigated a daily dose of 1 - 0 mg
DTyE over 8-14 days in 6 patients, all of whom improved although
the response was short-lived in 3. A double-blind placebo-controlled
crossover study was performed5 in 8 patients, whose psychotic
symptoms disappeared during the first 4 days of treatment (1 mg in-
tramuscularly daily). Since DTyE apparently has no dyskinetic
side-effects, it would be of great value if evidence of its antipsychotic
action could be substantiated.
We undertook an evaluation of the antipsychotic action of DTyE

by a double-blind placebo-controlled crossover study of 13

schizophrenic patients undergoing continuous neuroleptic therapy.
All patients had productive psychotic symptoms (eg., hallucina-
tions, acute delusions). 7 patients had chronic schizophrenia, 5 had
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