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A method for preparation of radioactive colloidal chromic phosphate (1 mC P*/mg
CrP320Q,) for medical use has been studied.

The radioactive colloidal chromic phosphate does not hydrolyse and sediment.

The particle size of 50 per cent of colloid is about 200 A and the other particles are condensed
into aggregates.

PREPARATION DU PHOSPHATE (P32) CHROMIQUE COLLOIDAL POUR
EMPLOI MEDICAL

Une méthode pour la préparation du phosphate chromique colloidal radioactif (1 mC
P32/mg CrP%0,) pour usage médical a été étudice.

Ce radiophosphate chromique colloidal ne s’hydrolysc et ne sédimente pas.

La grosseur de 50 pour cent des particles du colloide est de I'ordre de 200 A et les autres
particules sont condensées en agglomérés.

[IPUTOTOBJEHUE ROJAJIOMIIUOIO OOCOATA (P32) XPOMA
4 YIIOTPEBJIEHWA B MEIJMIIHL
Wayuaica Mero; HpHIOTOBJACHIHA PATHOAKTHBHOTO KOLIOI 00 gocdara xpova (Tymkiopis
P32/mrp CrPO32)) 105 yrioTpedieHia B MeIHITIE.
Paguoarrisublil KO/ LIoNAHBIE ocdaT Xpoya He MOIABEPraeTest MIAPOIH3Y If He OCARTAeTCA.
Besmunna yacriiy 509, Ko0HAA pasHa NpHé/uBnTe15H0 200 A (Aurerpea), a gpyrie
YACTHIIB KOHIEHCHPYIOTCH B ArPeraThl.

DIE HERSTELLUNG VON KOLLOIDALEM CHROMPHOSPHAT (P32,
FUR MEDIZINISCHE ZWECKE
Eine Methode zur Herstellung von radioaktivem kolloidalem Chromphosphat (1 mC
P32/mg CrP320,) ist fitr den medizinischen Gebrauch studiert worden.
4 . . .
Das so erhaltene radioaktive, kolloidale Chromphosphat hydrolisicrt und sedimentiert nicht.
Die Teilchengrésse von 5 prozent des Kolloids ist ungefahr 200 A und die anderen Teilchen

sind zu Aggregaten zusammengeballt.

INTRODUCTION

INTEREST is increasing in the use of colloids of
radioactive matcrials in the therapy of nco-
plasms.

Haun and co-workers'? have used Aul®
in colloidal form in interstitial, intraperitoneal
and intravenous routcs of administration.

As early as 1944 Jownes and co-workers®
demonstrated the usc of P32 in a chemically
inert colloidal form, chromic phosphate, for the
irradiation of tissues of the reticuloendothelial

system. This substance was also used inter-
stitially in mice in therapy of mammary adeno-
carcinomata (1945) and then in treatment of
patients afflicted with a wide variety of malig-
nant tumours® with apparent good results.
Radioactive phosphorus P32 seems to have
some advantages over radioactive gold Aul®,
Radioactive phosphorus P3%, in fact, is
essentially a pure beta-emitter (Epax = 17
MeV); hence handling is simpler and safer
than with radioactive gold (Au!®® decays with
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two beta spectra on the excited levels of 1-08¢
and 0-412 MeV of Hg!%)),

Furthermore the hall-life of P?? is 14-3 days
while Au'® decays with a half-lifc of 2-69
days. Because of the longer hall-life of 32
storage 1s possible and considerably smaller
doses than in the case of Au', in terms of
millicurics, are cquivalent in total lonizing
radiation ultimately delivered.

These reasons indicate that colloidal chromic
radiophosphate may displace Au!®™® colloids in
radiotherapy.

Published methods ol preparation of colloidal
chromic radiophosphate can be divided 1 two
main groups: precipitation methods and re-
duction methods.

The precipitation methods® % are based on
the original technique of JonEs and co-workerst®.
This mcthod consists in a precipitation reaction
of msoluble chromic phosphate from a solution
of alkaline phosphate and a soluble chromic
salt (gencrally nitrate). The precipitate is then
filtered, ignited, crushed, suspended and centri-
fuged. The results are not too satisfactory.
The vicld is rather low (about 25 per cent) and
the operations require scveral days of work and
claborate equipment.

The reduction methods7-# are based on a
reduction-oxidation reaction involving chromic
acid, phosphoric acid and a reducing agent in
absence, or presence of a protective colloid.
The subsequent purification of the colloidal
cliromic phosphate obtained as above requires
(AnxcuiLerl) flocculation, washing and sus-
pension  in isotonic solution or (CHEVALLIER
and co-workers) elaborate technique based on
the use of a lactose column.

The method described in this
reduction method according to the technique
of AncuiLerl. The used involves
chromic acid, sodium sulphite as reducing agent,
phosphoric acid in presence of gelatin  as
protective colloid,

work 1s a

reaction

2H,CrO, - 3Na,80, -- 2H, PO, —
2CrPO, -~ 3Na,50, -+ 5H,0.
The purification of the colloidal chromic
radiophosphate is carried out by dialysis.
The yield is 80 per cent; the equipment and
handling are very simple.
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The colloidal chromic radiophosphate pre-
parcd by the method described in this paper is
a green, clear suspension and has the [ollowing
characteristics:

CrPO, 3 mg/ml

gelatin 55 myg/ml

pH 6-7
EXPERIMENTAL

Materials

The following solutions are needed:

{1} Chromic acid solution: 10 mg/ml;

{2) Phosphoric acid solution: 10 mg/ml—
{(in this solution H,P*O, carrier-free is added
according to the required specific activity);

{3) Sodium sulphite solution: 200 mg/ml;

(4) Gelatin solution: 20 per cent.

All these solutions are freshly (this 1s a very
important point) prepared and sterilized at
1127C for half an hour,

Preparation

In order to obtain colloidal chromic radio-
phosphate, the operations arc carried out as
follows.

To 6 ml of chromic acid 4 ml of phosphoric
acid (containing P3%) arc added. When the
mixture reaches the boiling point, 05 ml of
gelating 6-5 ml of pyrogen-free water and 1 ml
of sodium sulphite are added. The mixture 1s
kept at the boiling point for 5 min.

All these operations are carried out while
agitating by air bubbling through a capillary
tube. The preparation requires 15 min. The
reaction vield, tested by chromatographic analy-
sis according to the EnerL technique®™, results
90 per cent.

The colloidal chromic phosphate has £, = 0
and phoesphoric ions R, = 0-7 -- 0-8, with
Whatman No. | paper using ascending mono-
dimensional method and as cluent: isopropyl
alcohol (75 ml), water (25 ml), wichloroacetic
acid (5 g), ammonia 22 Bé (-3 ml), checked pH
1-5-2.

Purification and sterilization

The colloidal chromic phosphate containing
about 10 per cent of free orthophosphoric ions
is then dialysed overnmight using  cellulose
membrane (C. Erpa, Milan).
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Table 1. Influence of the pH

(a) Colloidal chromic radiophosphate kept at
room temperature. Initial content of phosphoric

(b) Colloidal chromic radiophosphate kept at 40°C.
Initial content of phosphoric ions = 19,.

ions = 195,
9, of orthophosphoric ions 9% of orthophosphoric ions
P After After 2 After 4 pH After After 2 After 4
1 day weeks weeks 1 day weeks weeks
+ 6-5 9-5 11-5 4 14-5 52 52
5 35 6 6-5 5 9 40 40
6 2-2 32 35 6 6 6 6
7 2 3 3 7 6 6 6
8 2 4 4 8 6 6 6
9 3 4 4 9 6 6 6

Table 2. Influence of the dilution

(a) Colloidal chromic radiophosphate diluted with
NaCl 0-9°; and kept at room temperature.
Initial content of phesphoric ions = 1°.

(b) Colloidal chromic radiophosphate diluted with
NaCl 0-9% and kept at 40°C. Initial content of
phosphoric ions = 1°.

2, of orthophosphoric ions 0, of orthophosphoric ions
Dilution After After 2 After 4 Dilution After After 2 After 4
I day weeks weeks 1 day weeks wecks
1:1 15 1-4 1:1 14 2-8 25
1:5 1-4 2-3 3 1:5 2-7 3-2 33
1:16 1-6 3 4-5 1:10 4 42 4.2

(¢) Colloidal stability

Stability was checked for samples:

l—Kept at room tempcrature onec month
from preparation,

2—Kept at high and low temperature several
hours,

3—Diluted with physiological solution (NaCl
0:9%),

4—Buflered from pH 4 to pH 9.

No flocculation was found in any sample.

COLLOIDAL CHROMIC PHOSPHATE
WITH HIGH SPECIFIC ACTIVITY

Samples of colloidal chromic phosphate with
high specific activity (3 mC/ml) were prepared
as above.

Stability tests made on these samples show
that also the colloidal chromic radiophosphate
with high specific activity does not hydrolyse
and sediment even after one month.

PARTICLE SIZE DETERMINATION

Great difficulties were found in the particle
size determination by electronic microscope.

Colloidal chromic phosphate has, in fact, a
remarkable tendency to condense into aggre-
gates and its low mcan atomic number makes a
rather diflicult task to obtain good micrographs.

Figure 2 shows the presence of aggregates and
small diameter particles. By [ractionated centri-
fuging the [raction contalning aggregates was
found equal to about 50 per cent. The remain-
ing fraction has a diameter smaller than 200 A.
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