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Detailed studies in polycythaemia vera (Berk,
Burchinal, Wood, and Castle, 1948; Wasserman,
Dobson, and Lawrence, 1949; Schwartz and Stats,
1949) have failed to show any abnormality which
might support the theory that the disorder is due
to anoxaemia, and there is a large measure of
agreement that the condition results from a

primary hyperplasia of the haemopoietic tissue of
the body. Treatment has therefore been mainly
directed at reducing this excessive activity, and
radio-phosphorus has now become widely accepted
(Lawrence, Berlin, and Huff, 1953) as a highly
effective therapeutic agent. While there are
numerous morphological studies (Lawrence et al.,
1953) on the effect of radio-phosphorus upon the
bone marrow and formed elements of the blood,

there are no observations, as far as we are aware,

on the effect of this form of radiation on the func-
tional capacity of the red cell. We report here
alterations in the affinity of haemoglobin for oxy-
gen in patients with polycythaemia vera after the
administration of radio-phosphorus.

Material and Methods

Six patients with polycythaemia vera were

studied. The details of the cases are given in the
accompanying table. In the two cases most in-
tensively investigated (Cases 1 and 2) the circu-
lating blood mass was reduced by repeated
venesections before the administration of radio-
phosphorus (P32). In these cases the preliminary

TABLE I
EFFECT OF RADIO-PHOSPHORUS ON THE OXYGEN DISSOCIATION IN POLYCYTHAENtIA VERA

l/0HbO2 at Various

Patient R B C Packed Partial Pressures* ofCa at TmeofnosgeR.B.C. Cell HbO2 02 (mm. Hg) and
Case Time of Dosage ;*m* Volume Capa2 Constant PCO2 Total
No. - Estimation in of p3 (in.m.VolumeCaps-Coment

Relation to p32 (MC.) per (c.cm. city (40 mm. Hg) C pH Comments
Sex Age c.mm.) per (Vol.0%) - Vl. p100 mL.) P02 P02 P02 P02 /°)

100 60 40 20

I M 60 Immed. before - 6 5 58 22 97 89 73 32 57 7-4
10 days after 6 6-78 60 26-5 96 89 75 33 58 7-41 6 pints of blood removed
3 weeks ,. 6-95 59 24 90 85 70 37 58 7-41 by venesection before p32
7 weeks ,, 7-0 60 25 91 84 69 36 _ _ and before initial oxygen
3 months,, 7 65 63 27-5 97 90 73 32 56 7-39 dissociation curve
4 months,, 7-24 61 26-5 97 - 74 32 58 7-41

2 M 66 1 month before 8-43 66 30 99 - 75 33 59 7-42
Immed. ,. 6-65 56 24 98 90 73 33 _ - 5 pints of blood removed by
2 weeks after 6 6-55 _ 22-5 97 - 73 32 _ _ venesection before p32
I month ,, 6-58 _ 22 88 85 68 36 55 7-38
2 months,, 4-44 39 15 96 - 77 33 -

3 F 51 Before 7-10 72 _ _ _ _ _ _ . 4 pints of blood removed by
2 months after 6 5-27 46 21 92 70 37 58 7-41 venesection before P32
4 ,, ,, 40 15 98 77 34 -_

4 F 56 Before 7-83 . . . . . - I pint of blood removed by
14 months after 6 5 3 52 20 5 97 88 74 33 56 7.39 venesection before p32

5 M 40 Before 8-47 77 | _ _ | -i6 pints of blood removed by
7 months after 6 5-7 50 21 96 89 74 33 58 7-41 venesection before p32

6 F 59 Immed. before 8-27 66 26-5 97 - 72 31 55 7-38
2 weeks after 3 8-4 65 27 97 - - 30 -
I month ,, 73 67 24-5 97 - 74 32 57 7-4 No venesections
7weeks ,, 8-3 65 25-5 97 - 72 30 - -

* The partial pressure of oxygen and carbon dioxide are expressed to the nearest whole figute.
t Total CO2s=the total carbon dioxide of true plasma from oxygenated blood at a CO2 partial pressure of 40 mm. Hg.
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EFFECT OF P32 ON AFFINITY OF Hb FOR OXYGEN

gas studies were performed after the venesections
but before the administration of radio-phosphorus.
Radio-phosphorus was given intravenously as
Na2HPO4 in a dosage of 3 to 6 millicuries. The
time relationship of the blood gas studies to the
administration of the radio-phosphorus is indicated
in the table.
The techniques used for the blood gas studies

were as previously described (Valtis and Kennedy,
1954).

Results
The detailed results are given in Table I and

Fig. 1.
All the oxygen dissociation curves performed

before radio-phosphorus was given were normal
(Cases 1, 2, and 6). Normal oxygen dissociation
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Fio. 1.-Position of the oxygen dissociation curve in three cases of
polycythaemia vera before and one to two months after p32.

curves were also obtained in the two patients
(Cases 4 and 5) to whom a dose of radio-phos-
phorus had been given several months before the
present study.

In contrast to these findings, the oxygen dis-
sociation curves were abnormal in Cases 1 and 2
one to two months after the administration of 6
millicuries of radio-phosphorus. A similarly
abnormal curve was also obtained two months
after the administration of 6 millicuries of radio-
phosphorus in Case 3; unfortunately, in this case,
a curve was not performed before radio-phos-
phorus was given. The curves obtained in these
three cases, during the one to two months after
radio-phosphorus therapy, crossed the normal
curve at approximately 30 mm. Hg partial pressure

of oxygen, the upper part of the curve being lower
than normal and the lower part higher than
normal. Oxygen dissociation curves performed
in these patients more than two months after
radio-phosphorus therapy were normal.

In Case 6, only a small dose, 3 millicuries, of
radio-phosphorus was given; no alteration in the
oxygen dissociation curve was observed during the
subsequent two months.

It will be seen from the table that a satisfactory
therapeutic depression of the red cell level followed
radio-phosphorus therapy in Cases 2, 3, 4, and 5.

Discussion
Our results show that in three cases of poly-

cythaemia vera which received 6 millicuries of
radio-phosphorus the oxygen dissociation curve
was temporarily altered, the change being evident
in the period between one and two months after
radio-phosphorus. No alteration was noted during
this period in the patient who received 3 milli-
curies of radio-phosphorus or in the two cases
in which blood gas studies were performed for
the first time several months after radio-
phosphorus.
The alteration of the oxygen dissociation curve

observed was not the parallel alteration in position,
which we have observed on numerous occasions
(Valtis and Kennedy, 1954), resulting from changes
in pH or electrolytes (Barcroft, 1928), from altera-
tions in the water content of the red cell (Hender-
son, 1928), or from anaemia (Richards and Strauss,
1927). The fundamental work of Barcroft suggests
that changes in the shape of the curve, of the type
that we have observed, indicate that there is some
alteration in the basic elements of haemoglobin.
The fact that the alteration of the oxygen dissocia-
tion curve is not present until some weeks after the
administration of radio-phosphorus suggests that
it may be related in some way to internal
radiation from radio-phosphorus on the red cell
precursors in the bone marrow. The thera-
peutic activity of radio-phosphorus, in the form
Na2HPO4, appears to be due to its synthesis into
important cell constituents, including ribo- and
thymo-nucleic acids of multiplying cells (Mitchell,
1951), and the importance of these substances in
the metabolism of factors necessary for red cell
maturation is also well known (Vilter, Horrigan,
Mueller, Jarrold, Vilter, Hawkins, and Seaman,
1950). It is conceivable that as a result of this
action there is some alteration in the synthesis of
haemoglobin in the red cells produced under the
influence of internal radiation which could be
responsible for the abnormality we have observed.
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It is interesting to speculate whether the effect on
the oxygen dissociation curve is peculiar to the
radiation produced by radio-phosphorus, or
whether it would also be produced by x-ray radia-
tion, particularly of the skeleton. As far as we are
aware, there are no studies which have been pub-
lished in this field.

It is unlikely that the sulphur products resulting
from the decay of radio-phosphorus are the cause
of the alterations in the oxygen dissociation curve
-since the quantities involved are very small and,
moreover, 50% of the administered radio-phos-
phorus is excreted or decayed within 14 days:
after six weeks only about 10% of the substance
remains (Hevesy, 1948).
As a result of the alteration in the oxygen dis-

sociation curve which we have demonstrated, the
blood of the patient will, for a period, take up
oxygen less readily in the lungs and release oxygen
less readily to the tissues. The magnitude of the
changes is not sufficient, however, to affect signifi-
cantly the oxygenation of the tissues, particularly
if, as in the patients we have studied, the haemo-
globin level is normal or even above normal.

Summary
The oxygen transport by the blood in poly-

cythaemia vera has been studied before and after
the administration of radio-phosphorus. A tem-
porary alteration, apparent between one and two
months after radio-phosphorus, in the oxygen dis-
sociation curve was observed; the affinity of

haemoglobin for oxygen at high oxygen partial
pressures (greater than 60 mm. Hg) was decreased
and the affinity at low oxygen partial pressures
(less than 40 mm. Hg) was increased. These
changes indicate a reduced saturation of haemo-
globin with oxygen in the lungs and a reduced
release of oxygen to the tissues.
The causation of the changes is briefly discussed.

We wish to express our thanks to Professor L. J.
Davis for his advice and encouragement throughout
this study; the radio-phosphorus was administered by
Dr. E. M. McGirr. One of us (D.J.V.) was enabled
to undertake this work by scholarships from the
E.C.A. for Greece and from the University of
Thessalonica. Much of the cost of apparatus and
materials was provided by the Rankin Fund of the
University of Glasgow.
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