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Abstract. Radionuclide therapy has become the focus of recent attention in nuclear medicine, thanks to the
emergence of new therapeutic radionuclides as well as the known prospects of local instillation approach and the
exciting promise of targeted therapy concept. This has naturally led to a revived interest in the use of established
products of earlier generation also, for example 32P compounds. In response to such a demand of nuclear
medicine physicians in India, 32P labelled colloidal chromic phosphate suspension (CCPS) was prepared by
suitable modifications to a reported procedure. 5lCr was used as tracer for initial studies of standardisation, in
order to avail the benefits of relatively greater ease and higher efficiency of assay of gamma activity at low
levels. Recovery of the colloid and purification were accomplished by dialysis leading to about 60%
radiochemical (RC) yield. The RC purity of the CCPS formulated in 30% dextrose solution was over 98% as
assessed by paper chromatography. The particle size was below 5|J.M, with nearly 99% of the particles present in
the size range of 0.6-2.5 juM. The stability of the colloid was found to be not less than 7 days, in terms of soluble
phosphate content of the CCPS. The consistency of biological behaviour of CCPS was attempted to be studied by
i.v. administration in test animals, although the envisaged end use is only by local instillation. The animal studies
revealed prominent lung uptake (-70%) indicating the presence of >10(j,M particles formed in vivo, most
probably due to agglomeration in serum. The easy reliable preparation of CCPS in acceptable yield, purity and
particle size distribution demonstrated in the present study, considered along with the added advantages of
abundant, economic availability and convenient production logistics of no-carrier-added 32P, would merit further
investigations on CCPS and similar *M(III)-phosphate colloids for possible therapeutic applications.

1. INTRODUCTION

Radionuclide therapy has become the focus of recent attention in nuclear medicine [1,2]. This
has been mainly due to the emergence of new therapeutic radionuclides in conjunction with the
known prospects of local instillation approach and the exciting promise of targeted therapy concept.
This has naturally led to a revived interest in the use of established products of earlier generation also,
for example 32P compounds [3]. There are a number of articles discussing the requirements of
therapeutic radionuclides for different applications [4,5]. Mostly pure beta emitters such as 32P, 89Sr,
90Y (Table-I) and R,y emitters such as 153Sm, 166Ho, 186/188Re are being used. The latter group of
radionuclides have rightly attracted more attention, in view of suitable energy of beta emissions
combined with imaging capability using the gamma emissions accompanying the beta particles.
However, if it is required to use radionuclides bereft of accompanying gammas for any therapy, the
choice would be confined to the nuclides shown in Table-I. Amongst these, 32P offers the attractive
features of easy abundant availability at relatively very low cost, convenience of production logistics
and reasonably satisfactory radiation characteristics (Table-I). 90Y has been the focus of much
attention, while 143Pr has good potential for use.

32P is a proven therapeutic radionuclide used extensively in the past, especially as a radiocolloid
for treatment of pleural and peritoneal effusions secondary to primary malignancy [1,6,7]. There is a
good amount of literature on utilisation of colloidal chromic phosphate-32P (CCPS) for such
applications. CCPS has been suggested for use in oncology, for example, as an effective adjuvant
treatment in ovarian malignancy [8], as treatment of choice for malignant pericardial effusions [9] and
intraarterial use for prevention of post-operative liver metastases in high risk colorectal cancer
patients [10]. CCPS has also been suggested for use in radiation synoviorthesis, for hemophilic
arthropathy [11].
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TABLE I. PURE BETA EMITTER RADIONUCLIDES FOR THERAPY

Radionuclide
& Half-life Ep/MeV

Max. Ave.

Tissue
range/mm

Max. Ave.

Route of production &
Production logistics

Chemical
Characteristics

32P, 14.3 d

89Sr, 50.5 d

90Y, 2.67 d

143Pr, 13.6 d

1.71 0.7 32S(n,p)32P

1.46 0.58 8 2.4 88Sr(n,y)89Sr

a (n,y) = 0.006 b

High neutron flux essential

-3.5 Decay of 90Sr(Ti/2 30 y)2.28 0.93 12

0.31 4.1

235U(n,f)90Sr; Radioisotope
generator provision; Special
precautions for 90Y purity.

P'
: -> l43Pr
33h 'NCA'

142Ce(n,y)
a = 0.95b

anionic, soluble;
colloidal solution;
organic phosphorus
compounds —
phosphonate as
salt/metal chelate

M2+; limited to use as
Sr+ +

M3+; versatality,
complexes and
particulates

M3+; versatality,
complexes and
particulates

Note: Sr: 910 keV gamma of very low abundance of-0.01% has been ignored.

In recent times, the major benefits of radionuclide therapy have been harnessed through
palliative treatment of metastatic bone pain in patients suffering from cancer of prostate, lungs and
breast [12]. The magnitude of improvement in the quality of life of such cancer patients following
radionuclide therapy, has been reported to be phenomenal. The demonstration of large scale success
of this approach has emanated from the use of 89SrCl2 (Metastron™). In view of the very high cost of
the commercial product Metastron as well as the poor production prospects of 89Sr in medium flux
reactors available in developing nations (Table-I), recourse to exploring the possibility of using 32P-
phosphate for this purpose was taken up by some investigators, mainly from India. This was later
followed by IAEA through a Co-ordinated Research Project (CRP) involving other countries too.
Highly promising results were demonstrated in these studies, which, in turn, have led to a resurgence
of interest in seeking to use 32P products for other therapeutic applications. The approach involves
local instillation, both for proven, long ago established modes like treating pleural/peritoneal lesions,
as well as the more recent modes of treating hepatic tumours and for radiation synoviorthesis.

• 3 2 TThe major drawback of use of P reported has been the uptake in bone marrow as phosphate,
either directly or from circulating activity following the wash-out/leaching of 32P as a soluble species
from the site of instillation of the particulate formulation (e.g. colloidal suspension). The latter also
results in irradiation of non-target tissues by the circulating activity. The former criticism has,
however, been shown to be much less restrictive, in view of the by now well-proven safety and
efficacy of 32P-phosphate treatment of patients of metastatic bone pain. Administration of up to
14mCi 32P in selected group of patients, qualifying in the initial screening for hematopoietic profile
criteria, has not shown any unduly high hematopoietic toxicity. The latter criticism of washout of
soluble phosphate from colloidal formulations instilled, would by the same argument, become less
restrictive than imagined earlier. The levels of radioactivity required for various applications vary
significantly; e.g. 1 mCi for radiation synovectomy of knee joint and 0.5 mCi for other joints [11],
10-15 mCi for intrapleural/peritoneal instillation [1] etc. It would be hence useful to generate data
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using current techniques in this regard to assess the actual utility of colloidal chromic phosphate-32P
suspension at appropriate dose levels and hence suitable investigations are warranted.

In response to such interest recently evinced by nuclear medicine physicians in India for
exploring the utility of 32P colloid, a study was undertaken to standardise a method of formulation of
32P labelled colloidal chromic phosphate suspension (CCPS) and its evaluation for possible
therapeutic use by local instillation. The method of preparation of CCPS has been described in early
literature [13,14]. The method of Anghileri [13] was followed in the present study with suitable
modifications to the reported procedure. Our experience is reported in this paper.

2. MATERIALS AND METHODS

32P was produced by fast neutron bombardment by natural sulphur target, followed by dry
distillation and purification by ion exchange chromatography and was available as phosphoric acid
(no carrier added, specific activity >5000 mCi/mmol) in dilute HC1, ex-stock in our Centre. 51Cr tracer
used in our studies was produced by Szilard-Chalmers reaction on K2Cr04 target and was available as
sodium chromate (-300 piCi/fig) ex-stock in our Centre. Degraded gelatin available as Haemaccel™
(3.5% solution) was used. All the other chemicals used were from standard commercial sources.

Radioactivity measurements were made in a pre-calibrated ionization chamber (NPL, UK) or
radioisotope dose calibrators (ECIL, India and CAPINTEC, USA) for samples in |u,Ci/mCi ranges,
while a Nal(Tl) scintillation counter was used for assay of activity in chromatographic supports and
dialysate samples.

Paper chromatography (PC) with water solvent and Whatman-1 paper support as recommended
in USP [15] and dialysis against water (mostly overnight run) were employed for estimation of both
RC purity of the radiocolloid and soluble tracer activity.

Preparation of CCPS

The typical procedure for preparation of colloidal chromic phosphate suspension (CCPS) is
described below.

As a prelude to the preparation of CCPS-32P, a few batches of CCPS-51Cr were processed and
tested. 51Cr as Na2Cr04 was doped with 5 mL of carrier H2Cr04 (10 mg/mL) and added to 4 mL
H3PO4 (lOmg/mL), followed by 5 mL of water. 1 mL of 3.5% degraded gelatin and 1 mL.of Na2SO3

(200 mg/mL) were then added. The reaction mixture (RM) was heated to boiling for 2 min and later
allowed to cool to ambient temperature. Aliquots were withdrawn for assessment of radiochemical
(RC) yield and purity of radiocolloid, as described later under RC purity analysis.

CCPS-32P was prepared using 32P as H3PO4 doped with carrier H3PO4 and following the same
protocol as described above. The cooled RM was divided into 3 aliquots. Pure colloidal chromic
phosphate — 32P was recovered by two different processes, viz. dialysis and centrifugation, using two
lots. The third lot served as pre-purified reaction mixture for comparative evaluation and stability
studies.

1 mL of the RM was placed into the dialysis tubing suspended in a beaker of water and
purification processes carried out for about 24 hours. The leaching/wash-out of soluble phosphate
from the RM was assessed (as 32P activity) by PC of aliquots taken from the RM in the tube at
different time points during the dialysis.

Another aliquot of the RM was first centrifuged, the supernatant removed and its radioactivity
estimated. The colloid was washed with water and centrifuged again. The supernatant of the first
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washing was removed and an aliquot of radioactivity counted. Washing was repeated four times and
the relative efficiency of removal of soluble phosphate-32P was estimated.

The purified product obtained by both the methods was formulated in 30% dextrose as
suggested in USP [15]. The product was sterilised by heating in an autoclave after being dispensed
under aseptic conditions.

RCpurity evaluation

The assessment of RC purity of the RM, dialysed product and the product obtained by
centrifugation was carried out by PC with water solvent on Whatman 1 paper support. PC of aliquots
of the tracers, 51Cr04~' and 32PC"4~"", were run simultaneously as reference. Movement of these along
with that of colloidal chromic phosphate - 32P is indicated in Fig. 1.

The stability of the product was checked by drawing aliquots at regular time points and
estimating the RC purity of the colloidal suspension.

32,PO4

5 6
Distance / cm

8 10 11

32 jFIG. I. RC purity analysis of (I) colloidal chromic phosphate -P (CCPS) (II) H3 "PO4 and (III) Na2
51 CrO4 [PC/Support: Whatman 1 Paper/Solvent: Water].

Biodistribution studies

In order to assess the consistency of the biological behaviour of CCPS- P, limited bio-
distribution studies were carried out in rats and mice by i.v. administration of 0.1 mL of CCPS-32P
into the tail vein of the animal. The animals were sacrificed by decapitation 30 min p.i. Major tissues
of the body were removed and assayed for radioactivity in comparison to a standard source, in turn,
relatable to the injected dose (i.d.).% i.d. in the tissues was calculated.

Particle size evaluation

For this purpose, CCPS was formulated as described above, but without any radioactivity. An
aliquot of ~10 uL was smeared on a glass slide, air dried and investigated under an electron
microscope (Lietz Wetzlar). A positive image of the product particles was recorded. These photo
micrographic images (film) were scanned using a computer image scanning facility and stored. These
stored computer images were analyzed using CIPS software (comprehensive image processing
system) and typical size distribution of the particles was assessed (Fig.2).
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3. RESULTS AND DISCUSSION

Initial studies of standardization with 51Cr tracer helped establish the preparation protocol for
CCPS and indicated radiochemical yield of around 60%. The results indicated in Table-II show that
the RC purity was over 99% and that soluble chromium content was very low, even at 7 days after
formulation. There was no notable difference in the quality of product obtained by either of the
method of purification.

TABLE II. RC PURITY AND STABILITY OF COLLOIDAL CHROMIC PHOSPHATE (51CRPO4)
[PC: SUPPORT — WHATMAN 1 PAPER & SOLVENT — WATER]

LOT
1
2

AGE OF SAMPLE
Fresh

I d
3d
7d

PRODUCT RECOVERED BY
Centrifugation

% CCPS# % Soluble 51Cr*
>99 <1
99 ~1
99 ~1
99 ~1

% CCPS

>99
98.2
98.9

Dialysis
% Soluble 51Cr*

# SICr as colloidal chromic phosphate.
* 5!Cr as soluble chromate.

The product thereafter formulated with 32P also showed high RC purity (Table-Ill). However,
there was significant difference in the quality of product depending upon the method of purification
employed. The product formulated after centrifugation showed low stability in terms of continuous
wash out of soluble phosphate. This could be due to occlusion of soluble phosphate in the product
during centrifugation, which later on gets released into solution with time, leading to poor RC purity
and, in turn, poor stability noted (Table-Ill).

TABLE III. RC PURITY AND STABILITY OF COLLOIDAL CHROMIC PHOSPHATE -32P
SUSPENSION (CCPS) [PC: SUPPORT — WHATMAN 1 PAPER & SOLVENT — WATER]

AGE OF SAMPLE
Fresh

I d
2d
7d

CCPS#
97.3
93.3
90.3

PRODUCT RECOVERED BY
Centrifugation

Soluble phosphate*
2.2
6.7
8.7

Dialysis
CCPS# Soluble Phosphate*

>99 <I
>99 <1

99 1

# 32P as colloidal chromic phosphate.
* S2P as soluble phosphate.

Out of the methods of purification i.e. dialysis and centrifugation, the former was found to be
more convenient to practice, in particular behind shielding. The duration required was, however,
nearly 24 hours (Table-IV). The RC purity of the product formed by dialysis was always superior and
stability higher compared to that of the product obtained by centrifugation (Table-Ill). On the other
hand, at least 4 steps of washing and centrifuging were needed for ensuring acceptable purity in the
other case, as evident from Table-IV. The product formulation was also not stable, even for one day.
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TABLE IV. PURIFICATION OF COLLOIDAL CHROMIC PHOSPHATE -32P (CCP)

(A): By Dialysis
Duration of dialysis/Hours

0
0.5
1
2
20
24

(B): By Centrifugation
Order of washings

Supernatant of RM
1st wash
2nd wash
3rd wash
4th wash

Soluble 32PO4" •" in RM7%@

57.0
43.5
30.5
21.5
5.2
1.3

Soluble 32PO4"-~ in RM*7
Relative %®

100
24
3.8
1.15
0.23

Efficiency of removal of soluble
phosphate - 32P$

0
23.6
46.5
62.3
91.0
>99

Efficiency of removal of soluble
phosphate - 32PS

-
76
96
98

99.7

NOTE: # RM: Reaction mixture undergoing purification
@: Value estimated experimentally
$: Calculated as 100 — @, above

The results of particle size distribution analysis (computerised analysis of photomicrographs)
revealed that over 99% of the particles were below 2.5 pM (Fig.2). Only 9 particles of 5-10 |uM and
3 particles of 10-14 uM were noted out of over 10 000 particles.
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FIG. 2. Particle size distribution of inactive colloidal chromic phosphate — computer analysis of
particle size distribution recorded on photomicrograph.

CCPS has been envisaged for therapy by local instillation. As a prelude to such local
instillation in test animals, which would require application of relatively more elaborate techniques,
biological behaviour following direct i.v. administration was first attempted to be studied. The results
shown in Table-V confirmed the trends and consistency of biological behaviour. However, the high
uptake in lungs indicated the presence of >10 jaM particles in-vivo. This is contrary to the findings of
the particle size distribution, analyzed by reliable means, showing that nearly 99% of the particles are
present in the size range of 0.6-2.5 uM (Fig.2). This is not, however, altogether abnormal and could
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be attributed to agglomeration of suspended colloidal particles occurring in serum in-vivo. The low
uptake in liver of 8.2% and 0.2% in spleen would indicate the presence of corresponding amount of
un-agglomerated colloidal particles. (Table-V). The particle size requirement for some applications
reported are as follows: 0.6-2|uM for intraperitoneal use [7], 2-5uM for radiation synoviorthesis [16]
and 0.5-1.5nM for intraarterial administration [10].

TABLE V. BIO-DISTRIBUTION DATA OF COLLOIDAL CHROMIC PHOSPHATE -32P
SUSPENSION (CCPS) IN MICE.

Organ/Tissue % inj. dose at 30 min p.i.
(Mean of 2 animals)

Lungs 70
Liver 8.2
Spleen 0.2
Heart 0.3
Kidneys 1.2
Femurs 0.9
Blood <0J

Based on our results with 51Cr tracer, it is felt that the use of radiotherapeutic M(III) phosphate
colloid could be an attractive alternative to the use of colloidal chromic phosphate — 32P. The release
of soluble part of CCPS appeared to arise mainly from the anionic phosphate moiety and not from the
cationic component. It is hence proposed that 143Pr and l53Sm colloids could be investigated for
possible therapeutic purpose.

4. CONCLUSION

Thus in the present study, we have demonstrated a simple reliable procedure to formulate
CCPS-32P. An improved and easy to adopt procedure of purification by dialysis has been standardised.
Attempts to establish protocol for evaluation by local instillation in animal models for possible
therapeutic use are warranted and such studies are underway. Investigations on colloidal phosphate
suspension of other radiotherapeutic-metal, [*M(III)], would merit attention.
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