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Abstract. Pirocarbotrat™ is a gelatin protected charcoal suspension labelled with chromic [32P] pyrophosphate.
To evaluate its effectiveness as a therapeutic agent for the treatment of solid tumours, studies of therapeutic
action and dose calculations, were carried out after an intratumoural single dose of this radiopharmaceutical. We
used 28 female Sprague Dawley rats in which experimental mammary adenocarcinomas were induced. The
tumours were injected with a single dose of 18.5 MBq. Once the experiment was finished, animals were

.sacrificed to extract their organs and the injected tumours, the activity of which were measured by the
Bremsstrahlung photons of 32P. Representative pieces of tissues from the treated and control tumours were
selected for histolopathological examination. The results show that after 32 days of treatment, the per centage of
activity found in the tumour was 84.50 ± 2.60%, while the per centage of activity found in the other evaluated
organs was almost negligible. The therapeutic action was evaluated by the per centage of tumour regression
(P.T.R.) which was 78.3%. The treated tumours showed closely packed black charcoal particles at the injection
point, which are shown always in sharply demarcated big clusters, always associated with necrotic debris from
the neoplastic tissue. The extension of the necrotic tissue in the tumour vicinity is variable, ranging from 1 to 4
mm. Radiodosimetric calculations, carried out according to the Medical Internal Radiation Dose Committee
(MIRD) of the Society of Nuclear Medicine, demonstrate that the dose absorbed by the tumours was 6200 Gy.
The dose absorbed by the rest of the organism is 0.533 Gy. The ratio dose to the tumour/dose to the rest of the
organism is 1.17 x 104. We can conclude that Pirocarbotrat™, a non-sealed beta radiation source, behaves very
closely to a sealed beta radiation source when it is intratumourally injected into solid tumours.

1. INTRODUCTION

The treatment of solid tumours is a big challenge for the physicians due to the variety of its
histological patterns and its disorganized angiogenesis. Most of these kind of tumours do not respond
to the conventional therapy [1, 2], therefore different alternative therapies are being studied.

Brachytherapy, that is the placement of radioactive sources into or near the tumour, is a valid
alternative for the treatment of this kind of tumours [3], In this way, a malignant lesion can be
irradiated with a planed dose and with negligible or null irradiation to the rest of the organism if the
source do not move from the injection point. Different radioisotopes such as 90Y, 198Au, 125I and 32P
have been used for the treatment of several diseases [4-11].

Brachytherapy has demonstrated to be an effective method of treatment for this pathology [12].
Sealed sources of 125I needles [13], metallic 198Au seeds [10], 90Y microspheres [14] among others,
have been studied and some of them are still being used. This kind of radiation sources have the
advantage of being immobilized at the point where they are placed. Because of construction

* Present address: Radioisotope Laboratory, School of Pharmacy and Biochemistry, University of Buenos Aires,
Junin 956. (1113) Buenos Aires, Argentina. Fax: (54-1) 7862932. E-mail: mzubi@huemul.ffyb.uba.ar.

275



characteristics of the I25I needles and 198Au seeds, only x and/or y photons are used for in situ
irradiation of the tumour with the disadvantage of irradiation of surrounding normal tissues [15].
Thus, sublethal doses must be administered in order to protect healthy tissue. For this reason, pure P"
sources for therapeutic purposes (betatherapy) have been developed.

It can be accepted that, 32P has very good properties for this purpose, since it is a pure p~ emitter
with a mean energy of 0.695 MeV, a half-life of 14.3 days and with a mean tissue penetration between
3 ^ mm [16]. Several colloidal chromic [32P] phosphate dispersions with different particles sizes were
studied in order to decrease the migration of the colloidal particles [17-19]. However, in all cases, its
radiopharmacological behaviour showed that a considerable migration from the place of injection
after intracavitary administration takes place [19]. These studies demonstrated a direct relationship
between the radiation dose absorbed by the tumour and the therapeutic effect of the
radiopharmaceutical, as well as the convenience to use higher radiation doses or control the colloid
migration in order to improve the treatment [18].

We studied several chromic [32P] phosphate dispersions in rats for its use in brachytherapy, but
results have been discouraging owing to the high mobilization of the radionuclide to the rest of the
organism [20-22].

In the present work we studied Pirocarbotrat™, a gelatin-protected charcoal suspension labelled
with chromic [32P] pyrophosphate. The purpose of this study was to evaluate its therapeutic action,
histopathology and radiodosimetric calculations in rats after a single intratumoural injection of the
radiopharmaceutical.

2. MATERIALS AND METHODS

2.1. Radiopharmaceutical

2.1.1. Pirocarbotrat ™ (BA CON Laboratories)

The preparation of the radiopharmaceutical was described elsewhere [23-24]. Its radiochemical
purity was tested by ascending paper chromatography on Whatman n° 1 paper with 0.1 N HC1 as
solvent, according to Mitta and Robles [25].

2.2. Animals

We used 28 female Sprague Dawley rats in which experimental mammary adenocarcinomas
were induced according to the method proposed by Gullino et al. [26] and modified by Rivera et al.
[27]. The animals were placed in steel cages and were maintained with standard food and water ad
libitum with cycles of 12 hours of light and darkness.

2.3. Administration of the radiopharmaceutical

The tumour size was measured with a caliper to localize the geometrical center of the tumour.
The zone was thoroughly depilated. 18.5 MBq (0.5 mCi) were injected, using a fine needle to
minimize tissue destruction. The injection was carried out very slowly and carefully in order to allow
the collapse of the tissue and thereby avoid an eventual reflux of the dispersion.

2.4. Bioelimination studies

After the injection of the product, animals were placed in stainless steel metabolic cages that
allow the separation of urine from feces. Rats were maintained with standard food and water ad
libitum. Samples of urine and feces were collected in plastic flasks in order to standardize the
measurement geometry.
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2.5. Therapeutic action

The size of the injected and not-injected tumours was determined with a caliper along two axes
as a function of time, and their mean diameters were compared. The not-injected tumours were used
as controls in order to compare its evolution to that of the injected tumours in the same animal.

2.6. Biodistribution studies

Once the experiment was finished, animals were anaesthetized with diethyl-ether and sacrificed
in order to extract their organs and the injected tumours. The organs and the tumours were disrupted
and mineralized with sulfochromic mixture. The samples and the 32P standard were taken to the same
volume in plastic flasks of the same size to standardize the geometry of the radioactivity
determinations.

2.7. Radioactive measurements

The activity concentration of the radiopharmaceutical was measured in an ionization chamber
RADX model 255 Remote.

The radioactivity of the urine, feces, organs and tumour samples as well as a 32P standard were
measured in a monochannel gamma spectrometer with a 5 cm x 5 cm Nal(Tl) standard well crystal,
using the Bremsstrahlung photons of 32P, in optimal electronic conditions. A 32P standard with an
absolute activity of 18.5 MBq (500 uCi) was prepared and measured with the same geometry as that
of the samples. Per centage of the retained activity in each organ as well as the per centage of
elimination were referred to the 32P standard.

2.8. Histolopathological studies

Representative pieces of tissues from the treated tumours as well as from the control tumours
were selected for histopathological examination. They were fixed in buffered formalin and routinely
processed for paraffin embedding. Sections were cut at 7 am and stained with hematoxylin and eosin
[28].

The histological findings were evaluated according the type and degree of local response to the
radiopharmaceutical, concerning the neoplasia and the non-neoplastic surrounding tissue.

2.9. Dosimetric calculations

The dosimetric calculations were performed according to the Medical Internal Radiation Dose
Committee (MIRD) of the Society of Nuclear Medicine [16]. To calculate the dose to the rest of the
organism, a non-linear regression of the experimental data was performed by fitting each accumulated
bioelimination curve to the following equation:

Y = Ymax (l-e-kt) (1)

where

Y is the per centage of total eliminated activity at time = t.
Ymax is the per centage of total eliminated activity at time = oo.
k is the bioelimination constant,
t is the considered time.
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2.10. Statistical studies

Results are given as mean ± SD. To test for differences, we evaluated the results by one-way
analysis of variance (ANOVA) and Scheffe test, fixing a p < 0.01 as limit for the significance [29].

Tumour regression was compared by means of x2 test [30].

3. RESULTS AND DISCUSSION

3.1. Biological results

Bioelimination and biodistribution studies for Pirocarbotrat™ demonstrate that after 32 days of
treatment, the total eliminated activity was 12.70 ± 3.90 %, distributed in urine (8.30 ± 1.80)% and in
feces (4.40 ± 3.50)%. As it can be observed in Fig. 1, the per centage of activity found in the tumour
was 84.50 ± 2.60%, while the per centage of activity found in organs which have reticuloendothelial
system cells such as liver (0.40 ± 0.12)%, spleen (0.80 ± 0.15)% and lungs (0.08 ± 0.02)%, as well as
in other organs, was almost negligible [23-24].

Organs
Urine Elimination
Fecal Elimination

Liver

Organ

FIG. 1. Biological studies of Pirocarbotrat™.

The therapeutic action was evaluated daily by the measurement of the tumour size with a
caliper. The mean size ratio (M.S.R.), defined as the tumour size at the last day of life/tumour size at
the day of the injection and the per centage of tumour regression (P.T.R.) are shown in Table 1.

TABLE I. MEAN SIZE RATIO (M.S.R.) AND PER CENTAGE OF TUMOUR REGRESION
(P.T.R.) AT THE END OF THE EXPERIMENT OF THE NMU INDUCED TUMOURS IN
FEMALE SPRAGUE DAWLEY RATS

TUMOURS TREATMENT N°of
Tumours

M.S.R. ± S.D* P.T.R.*

Controls (not injected)
Pirocarbotrat™

81
28

4.9+1.9
0.6 ±0.3

0.0
78.3

* M.S.R.: tumour size at the last day of life (T = 32 days)/tumour size at the day of the injection (T = 0 days). At
the beginning of the experiment, the M.S.R. was 1.0.
*Differences are statistically significant.

Histopathological studies were performed on either control and treated tumours. The
histological findings for the control tumours showed that the 91.5% of the studied tumours were
ductal carcinomas with an invasive pattern, while 8.5% were adenocarcinomas. In the case of the
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treated tumours, radiopharmaceutical location was easy to demonstrate in histological sections
because the black particles of charcoal remain closely packed at the point of injection, and the
technical procedures for obtaining a microscopic section do not remove them. They are always in
sharply demarcated big clusters and always associated with necrotic debris from the neoplastic tissue.
Near the border of the cluster variable tumour necrosis is shown together with reparative changes
arising from the surrounding normal tissues such as young fibroblasts, blood vessel growth, edema
and lymphocytes. The extension of the necrotic tissue in the vicinity is variable, ranging from 1 to 4
mm. Reparative changes replace the necrotic areas progressively. In the reparative tissue there are
changes related to radiation damage, such as large and stellate fibroblasts with atypical and bizarre
nuclei and hyaline thickening of the walls of the blood vessels; the lumen is nearly or entirely
occluded. The black charcoal particles which indicate the radiopharmaceutical location are seldom
spilled out of the main cluster. In this case, the extent of the spreading was not more than 1-2 mm,
and the changes related to radiation are striking in these sites.

3.2. Dosimetric calculations

Dosimetric calculations were performed according to the MIRD calculations, according to the
following equation:

D = A S (2)

where D is the average (mean) absorbed dose in the target organ, A is the cumulated activity in the
source organ and S is a factor that relates D with A for a particular radionuclide and a particular
source-target organ pair.

Although tabulated S values are available for most of the organ pairs of interest in dosimetry,
this is not the case for tumours or organs of abnormal size. In these cases it is often possible to use an
expanded form of the absorbed dose formula.

D = A I A (cj>/m) (3)

where A is the mean energy emitted per unit cumulated activity and <J> is the specific absorbed
fraction, which depends on the geometrical relationship between the source and target organs and on
the composition of the tissues or other material between each element of source and target volumes.

For this particular case, the pair source-target organs is tumour-tumour, that means that the dose
is absorbed by the same tumour in which the radionuclide was administered. For p~ particles, (j) = 1
because the energy is totally absorbed by the target tissue. On the other hand, taking into account that
in the case of 32P, only one P~ particle is emitted per transition and its mean energy is E = 0.695 MeV.

Ai = 2.13x 1 x 0.695 cGy g/uCi h (4)
Ai= 1.480 cGyg/u€ih

The 32P is 1.4799 cGy g/uCi h [ 16].

Taking into account that the tumour mass is 0.5 g, and that the administered activity is 0.5 mCi,
we can write:

D = A E A (<j)/m) (3)

D = 500 jaCi x 1.480 cGy g/uCi h x (1/0.5 g)

D = 1480 cGy/h
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Taking into account that approximately 85% of the administered activity remains at the
injection point:

(5)

A(Oj«,/Ao= I/A.

A(0,«) 14.3 d* 24 h/d

Ao 0.693
= 495h

D = 1480 cGy/h x 495 h x 0.85

D = 6227 Gy

Due to the mobilization of 15.5% of the administered activity from the injection point, we
calculated the dose delivered to the rest of the organism. For that purpose, we calculated the
biological T^ of the 32P that is released from the Pirocarbotrat™, taking into account that the
experimental data of the bioelimination studies were calculated against a 32P standard to get

• 3 2 Tindependence of the physical TVl of J /P. The biological T./2 of the iZP from the Pirocarbotrat™ was
calculated by a non-linear regression of the experimental data, according to equation 1. The results are
shown in Fig. 2.
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FIG. 2. Mean bioelimination kinetics of the 32P of the Pirocarbotrat™.

Bioelimination curves for the 32P of the Pirocarbotrat™ were fitted for each of the 28 animals
treated with Pirocarbotrat™. The results demonstrate that the TVJo was 5.555 ± 1.268 days, Ymax was
12.7 ± 3.9 % and k was 0.1248 ± 0.0280/day. The correlation coefficient between the experimental
data (r2) was 0.9811+0.0128.

The dose absorbed by the rest of the organism can be estimated taking into account that the
mean weight of the animals in this study was 300 g and that the biological half-life (T./2) for the 32P
was 5.6 days. The effective half-life is 4.02 days.

The initial dose rate delivered to the rest of the organism is 0.38 rad/h = 0.38 cGy/h.

Taking into account that at the end of the experiment (32 days after Pirocarbotrat™
administration) the mobilization of the product was 15.5%, the dose delivered to the rest of the
organism was 5.33 x 10-5 Mrad = 0.533 Gy.
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Dosimetric calculations overestimate the dose that is delivered to the rest of the organism,
because approximately 12.7% of the administered activity is eliminated with an exponential profile.
However, the applied method assures that the tumour does not receive a lower dose and that the rest
of the organism does not receive a higher dose than the calculated values. The ratio dose to the
tumour/dose to the rest of the organism is 1.17 x 104.

Pirocarbotrat™, a gelatin-protected charcoal suspension labelled with chromic [32P]
pyrophosphate, remains at the injection point in the solid tumours. This behaviour allows the delivery
of high doses to the tumour, with low irradiation to surrounding tissues and organs. Irradiation to the
rest of the organism is negligible. The high concentration of the radiopharmaceutical in the tumour
explains its efficiency. We can conclude that, even though Pirocarbotrat™ is a non-sealed beta
radiation source, the radiopharmaceutical behaves very closely to a sealed beta radiation source for
the treatment of solid tumours.
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