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ABSTRACT 

 
The cisplatin, cis-diamminedichloroplatinum (II), (NH3)2PtCl2 or (CDDP) is a very common chemotherapeutical 

agent used in the treatment of ovary, lungs, testicle, head and neck carcinoma. It has been used for treatment of 

numerous human cancers including bladder, head and neck, lung, ovarian, and testicular cancers. However, 

because of the drug resistance and numerous undesirable side effects, a lot of work involving new formulations 

or administration of the CDDP has been done. In this work, we present a preliminary discussion about the 

possibilities of using the radiolabeled CDDP or CDDP*, as new alternative therapy. The works based on 

previous very positive in-vitro results of using the CDDP* compared to CDDP in the cytotoxic effect of some 

kind of tumor cells. The preparation and characterization of the CDDP* as well as the dose of CDDP* required 

are presented and discussed. 
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1. INTRODUCTION 

 

The antitumor activity of CDDP, cis-diamminedichloroplatinum (II), was discovered by 

Rosenberg et al.[1]. It is particularly effective against testicular and ovarian cancers. It has 

also been used to treat cancer of the esophagus, bladder, head and neck, including malignant 

glioma. However, its effectiveness is diminished due to the resistant cells [2]. Additionally, in 

spite of its strong anticancer potency, chemotherapy, the cisplatin is associated with many 

serious side effects, such as: nephrotoxicity, ototoxicity, nausea, neuropathy and allergy. 

Recently, the need of a multifactorial strategy for cancer treatment has been acknowledged 

and different treatment modalities has been tried to optimize treatment efficacy. An increase 

of anticancer potency has been observed by concomitant combination of irradiation and 

chemotherapeutic agents, including cisplatin [3, 4].  

 

One of the new approaches is the use of new drugs capable of inducing low simultaneous 

effects of ionizing radiation and chemotherapy. The synergy of two different mechanisms 

may reduce the dose of chemotherapy drugs associated with serious or undesirable side 

effects. Initial investigations have already shown positive results in this direction. 

Considering that the efficacy of radiotherapy treatment depends on tumor radiosensitivity, 

one of the approaches to obtaining improved radiosensitivity of tumor cells is the 

simultaneous application of chemotherapeutic agents that alter the sensitivity of DNA to 

radiation. This synergy allows the dose reduction of cisplatin, reducing side effects. Recent 

studies have shown that treatment with internal radiotherapy based on labeled cisplatin has 

made possible a significant reduction in cisplatin concentration [5]. 
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This synergy enables the reduction of cisplatin dose, diminishing the side effects. Therefore, 

this combining-modality approach possesses therapeutic advantage for several types of 

malignant tumors [6]. Ionizing radiation interacts with tissue, thereby treatment against this 

pathology is usually based on surgery, radiotherapy and chemotherapy. Radiotherapy has 

benefited a portion of patients achieving the expected outcome. Different approaches such as 

chemotherapy can be used in conjunction with radiotherapy and in cases of metastasis, where 

cancer spreads to regions other than that of the origin of the cancerous lesion, this is more 

applied. Among the several available chemotherapeutic agents, there are complexes such as 

the cisplatin [7]. 

 

Some studies found in the literature show the use of platinum radioisotopes; mainly the 195mPt 

to evaluate the biodistribution and the effect of the drug [8-11]. The alternative of using just 

one platinum radioisotope is ideal but impracticable due to the very high cost of the enriched 

isotope. 

 

This work presents the preparation of the radiolabeled cisplatin, or CDDP*, using the 

cisplatin found in the market. It means that, all the isotopes of the platinum are considered. 

The preliminary discussion of the feasibility of using it in the radiochemotherapy is also 

presented.   

 

 

2. METHODOLOGY 

 

 

2.1. Preparation of the CDDP* (Labeling of the Cisplatin)  

 

The radioactive, A0, induced in a sample at the end of the irradiation time, tirr, is given by the 

eq. 1: 

A0 = N (thth+ epiIepi)(1−e−λtirr) (1) 

 

where: N is the number of target nuclei in the sample; th is the cross section for the capture 

of thermal neutrons; Iepi is the integral of resonance, th and epi are, respectively, the thermal 

and epithermal neutron flux and λ is the decay constant of the radioisotope produced. The 

parameters of the platinum radioisotopes are in the Table 1 [12].  

 

From the gamma spectrum, Fig. 1, the induced activity A0 can be directly obtained from the 

eq. (2): 

A0 = (Npe
λtd)/(εγθtm) (2) 

 

where Np, is the net peak area of the photopeak obtained in the gamma spectrum; td is the 

decay time between the end of the irradiation and the beginning of the count; tm is the count 

time; ε is the counting efficiency in the photopeak energy of interest; θ is the isotopic 

abundance of the nuclide target; γ is the probability of the gamma emission and  is the mass 

of the target nuclide in the sample.  
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Table 1:  Nuclear parameters of the radioisotopes the activated Pt.  

 

Isotope of 

interest 

Target 

isotope 
Reaction 

Abund. 

Isot.(%) 
th (barns) I(barns) t1/2 

191Pt 190Pt (n,γ) 0.01 150 67 2.96 d 

195mPt 194Pt (n,γ) 32.9 0.09 ---- 4.02 d 

197Pt 196Pt (n,γ) 25.3 0.74 8.0 18.3h 

199Pt 198Pt (n,γ) 7.2 3.58 60.9 30.8 m 

 

 
Figure 1: Gama spectra and photopeaks of the radiolabeled cisplatin, CDDP*. 

 

 

The sample was irradiated using the TRIGA IPR R1 nuclear reactor of the CDTN (Centro de 

Desenvolvimento da Tecnologia Nuclear) with neutron flux of 6.4 x 1011 cm-2 s-1. The gamma 

spectrum was obtained using CANBERRA hyperpure germanium detector (HPGe), with 

nominal efficiency of 50% and a full-width at half maximum resolution, (FWHM), of 1.75 

for the 1332 keV peak of 60Co.  

 

2.2. Characterization of the molecule after the irradiation  

 

When the irradiation matrix or target is a molecule structure, as in the case of CDDP, is 

necessary to check the integrity of the structure after irradiation. Under certain irradiation 

conditions, the molecule can be destroyed due to the Szillard-Chalmers effect [12]. This 

verification is done by evaluation of the IR (infrared) spectra of the structure, before and after 

the irradiation, see Figure 2. 
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          Figure 2: Infrared (cm-1) of the cisplatin: non irradiated (upper) and after  

8 h of irradiation (below). 

 

 

If the sample is irradiated covered by a cadmium capsule is possible to achieve a higher 

specific activity when samples are irradiated for up to 8 hours. The probability of rupture of 

the CDDP molecule depends mainly on the recoil energy of the activated nuclei that emits 

gamma rays after the activation due the collision with epithermal or fast neutrons. The recoil 

energy of 38Cl atoms emitting gamma rays with energies of 1.64 and 2.17 MeV are equivalent 

to 38.0 and 67.0 MeV, respectively, which is sufficient to break the Pt-NH3 and Pt-Cl bonds 

with energies of 1.82 and 3.73 MeV, respectively. The ratio of thermal/epithermal activities, 

Ath/Aepi, to the activated 38Cl atoms in CDDP molecule of is about 19, which explains the 

higher degree of degradation of irradiated CDDP molecules without cadmium coverage. 

 

For all other Pt isotopes, there is no significant contribution to the dissociation of the 

molecule due to the low energy of gamma photons (~0.6 MeV), corresponding to a recoil 

energy of approximately 1.0 MeV, which is not sufficient to break down the Pt-NH3 and Pt-Cl 

bonds. 

 

3. DISCUSSION  

 

In an esophageal protocol, used by Arnold et al., the amount of cisplatin administered was 75 

mg cisplatin per square meter. Considering this same protocol for an individual with 1.70 m 

of height and 70 kg the amount administered would be 135 mg according to the calculation of 

surface area given by eq. 3 [13, 14]. 

 

BSA = 0.007184(Ht)0.725 x (Wt)0.425 (3) 

 

where, Ht is the height in cm and Wt the weight in kg.   

 

In the production of the radiochemotherapic the irradiation time is determinant in the activity 

of the molecule, it can also compromise its integrality breaking its structure. Covering the 

structure of cisplatin with cadmium allows for longer irradiation, up to 8 hours and thus a 
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greater specific activity can be achieved [12].  In a biodistribution study in healthy volunteers 

conducted by Sathekge et al., the concentration of the 195mPt evaluated was higher in the 

kidneys, followed by the spleen and liver compared to the other organs [15]. In the study by 

Areberg et al., the organ with the highest absorbed dose was the liver [16]. The concentration 

of cisplatin in these organs should be considered. 

 

The final specific activity of the CDDP* obtained in the TRIGA reactor of the CDTN is 

probably still very low for clinical studies but we suppose that it should enough for 

supporting further in-vivo investigations of the CDDP*. Additional protocols of preparing the 

CDDP* with higher final activity in the TRIGA reactor are under evaluation. It is important 

to emphasize that the preparation of CDDP* using direct irradiation of the CDDP is much 

simpler and cheaper that using one specific Pt isotope as target, e.g., the 194Pt. This alternative 

is more complicated and much more expensive.   

 

  

4. CONCLUSION 

 

The preliminary results obtained show that the perspective of using the CDDP*, the 

radiolabeled cisplatin, could be an interesting alternative to improve the efficiency of this 

drug in the chemotherapy, due to the synergy of the chemical action of the CDDP inside the 

cell and the ionizing radiation emitted by the CDDP*.  

 

The specific activity obtained by the direct irradiation of the CDDP must be higher than it 

was done previously, < 60 kBq/mg, to support future in-vivo studies. In order to evaluate the 

feasibility of using the CDDP in the radiochemiotherapy, investigation of internal dosimetry 

of the CDDP* is under way by our group, using the codes and protocols of the VMC (Visual 

Monte Carlo) and the MCNPX (Monte Carlo).  
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