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ABSTRACT 

 
Radiopharmaceuticals are compounds associated with a radionuclide. They can be considered as vectors that 

have some specificity for an organ or a physiological or pathophysiological function. Assessing the 

radiopharmaceutical’s quality is essential to obtain adequate images, avoiding repetition of examinations and 

unnecessary absorbed dose to the patient. Resolution nº38 (RCD 38) of 06/04/2008 by Agência Nacional de 

Vigilância Sanitária (ANVISA) states the obligation of performing a minimum of tests in the routines of nuclear 

medicine services (NMS). The aim of this work was to evaluate the radiochemical purity and pH of 

radiopharmaceuticals used in NMS in states of Alagoas and Sergipe – Brazil. Radiochemical purity was 

determined by thin layer chromatography where a paper Whatman® and TLC were used as steady state and the 

solvents were used related to the appropriate radiopharmaceutical, both as recommended by the manufacturer’s  

directions. The chromatographic strips were placed in closed containers to avoid contact with the walls. After, 

the strips were cut in 1cm pieces and the activity was determined in each NMS’s activity calibrators. The 

radiopharmaceuticals pH was evaluated by using universal pH paper (Merck ®) and the obtained color was 

compared with its range of colors. It was observed that 33.34% and 2.3% of the tested radiopharmaceuticals 

showed PRQ ( Radiochemical Purity) and pH values, respectively, are outside of the limits described by the 

manufacturers. The results show that the radiochemical purity assessment in the NMS’s routine can indicate 

problems with a radioisotope tagging, allowing their exclusion before administration. 

 

 

1. INTRODUCTION 

 

Nuclear scintigraphy determined on the basis of radiopharmaceuticals has been practiced for 

more than 50 years. In recent years, design radiopharmaceuticals or molecular imaging 

probes have been developed to image in vivo biochemical, physiological, and pathologic 

processes by the use of positron emission tomography/computed tomography (PET/CT) and 

single-photo emission computed tomography/computed tomography (SPECT/CT) scanners. 

[1]. 
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Radiopharmaceuticals are chemical compounds (drugs) that contain radionuclides that emit 

radiation. The distribution of the radiopharmaceutical within the body is determined by the 

physiochemical properties of the drug, the stability of the radiolabel, the purity of the 

radiopharmaceutical preparation, the pathophysiologic state of the patient, and the presence 

or absence of interfering drugs [2,3]. 

 

Technetium-99m labeled radiopharmaceuticals are currently the main diagnostic agents used 

in nuclear medicine. Technetium-99m has physics and chemical properties, that are ideal, 

such as: low-energy gamma emitter (140keV); a relatively short half-life (6.02h);easy 

obtainment of Tc-99m from Mo-99/Tc-99m generator; and the possibility that Tc-99m have 

many oxidation states [4,5]. 

 

As Tc-99m radiopharmaceuticals are prepared locally through a reaction between a 

complexant agent (pharmaceutical) and Tc-99m, before the administration of a 

radiopharmaceutical into pacient, several quality control tests need to be performed [1, 2, 4, 

5]. Although alterations in the biodistribution of radiopharmaceuticals may be related to 

several factors unrelated to the quality of radiopharmaceutical preparation, the purity and 

quality of a radiopharmaceutical preparation has a pronounced effect on the in vivo behavior 

of radiopharmaceutical, the subsequent scan interpretation, and the diagnostic accuracy of the 

imaging procedure [1]. 

 

In 2008, the Agência Nacional de Vigilância Sanitária (ANVISA) established that the Nuclear 

Medicine Services must carry out quality control of the Tc-99m eluate and 

radiopharmaceuticals as manufacturers recommendations and scientific evidence accepted by 

ANVISA [6]. 

 

Thus, this works aims to evaluate the quality of radiopharmaceuticals labeled with 
99m

Tc 

including pH and the radiochemical purity in nuclear medicine services (NMS) of the states 

of Alagoas and Sergipe-Brazil. 

 

 

2. MATERIALS AND METHODS 

 

This work was realized in four NMS that currently are in operation in Alagoas and one in 

Sergipe, where 27 and 21 samples were analyzed, respectively. The analyzed 

radiopharmaceuticals were showed in table 1.  

 

Table 1.Radiopharmaceuticals and respective number of analyzed samples in Alagoas and 

Sergipe  States. 

Radiopharmaceutical Alagoas Sergipe 

DMSA 1 2 

DTPA 3 5 

ECD 2 3 

FITATO 1 3 

MAA 1 1 

Sn-Coloidal 1 - 

MDP 8 6 

MIBI 10 1 
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2.1. pH assessment 

 

The pH was determined using the universal pH strip (Merck®) and color was compared with 

the standard colors scale (Figure 1). The radiopharmaceuticals must present pH ranges in 

according to the instructions of the manufacturer and international pharmacopoeias [7, 8]. 

 

 
 

Figure 1: Universal pH (Merck®) 

 

 

2.2. Radiochemical purity assessment 

 

Radiochemical purity was determined by thin layer chromatography in stationary phase. The 

chromatography plate was employed silica gel (60F) on aluminum foil (thin-layer 

chromatography silica gel - TLC-SG (Al) - Merck®), whose dimensions are 1x10cm, or 

paper (Whatman®), with the same dimensions. Mobile phases were appropriated systems to 

each radiopharmaceutical, according manufacturer’s directions. 

 

The stripes of TLC-SG and Whatman® were placed in closed containers ensuring that they 

do not touch the walls of the same (figure 2). After the chromatography run, the tapes were 

cut and the activity was determined in dose calibrator (Figure 3) for each service. 

 

 
Figure 2: Schedule chromatographic 

(TLC) of the control radiochemical 
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Figure 3: Model of dose calibrator 

used in medicine nuclear services 

 

 

The labeling efficiency was expressed in % radiochemical purity (%RP)(Eq. 1) [3]: 

 

 

 (1) 

 

 

 

3. RESULTS AND DISCUSSIONS 

 

3.1. pH assessment 

 

The results of pH evaluations of radiopharmaceuticals samples are presented in Table 2. Data 

are in accordance with the limits set by USP and EP, excepted one sample of DMSA and one 

of DTPA. 

 

Table 2.Number of samples in according with expected pH range  

 Alagoas Sergipe 

Radiopharmaceuticals 
Outside value 

pH range 

Inside value 

pH range 

Outside value 

pH range 

Inside value 

pH range 

DMSA 1 0 0 2 

DTPA 1 2 0 5 

ECD 0 2 0 3 

FITATO 0 1 0 3 

MAA 0 1 0 1 

MDP 0 8 0 6 

MIBI 0 10 0 1 

SN-Coloidal 0 1 - - 

 27 21 

 

It is important to highlight that DMSA radiopharmaceutical was out of expiration date and 

any radiopharmaceutical should be used beyond the time recommended by manufacturer [2, 

6, 7, 8]. 
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The absence of good laboratory practices probably determined to the poor radiolabeling, what 

meant that the DTPA radiopharmaceutical performed outside the limits of pH, whose  

recommendations by pharmacopoeias and manufacturers [ 7,8]. 

 

 

The pH is important at the labeling process and it significantly interfere in the labeling 

efficiency and several radiochemical impurities in a radiopharmaceutical formulation may 

form during radiolabeling process or may arise because of decomposition as the result of 

unwanted chemical reactions [1,5].  

3.2. Radiochemical purity assessment 

 

The results are showed in Table 3 and it was observed that 33% of the samples were below 

the expected level of 90%, as recommended by the United States (USP) [7] and European 

Pharmacopoeias (EP) [8] and manufacturers. 

 

Table 3.Number of samples in according with expected % radiochemical purity. 

 Alagoas Sergipe 

Radiopharmaceuticals Below 90% Above 90% Below 90% Above 90% 

DMSA 1 0 0 2 

DTPA 1 2 0 5 

ECD 1 1 1 2 

FITATO 0 1 0 3 

MAA 0 1 0 1 

MDP 2 6 2 4 

MIBI 7 3 1 0 

SN-Coloidal 0 1 - - 

Total 27 21 

 

Important factors affecting the biodistribution of radiopharmaceuticals can be described, such 

as factors associated with radiopharmaceutical preparation and formulation. Then several 

quality control tests need to be performed before administration [1, 2, 5].  

 

It was observed in some NMS that some procedures like aseptic technique and verification of 

expiration date must be used throughout the elution process and preparation of kits, 

respectively.  

 

Radiopharmaceuticals should be prepared according to the instructions of the manufacturer 

[2, 6, 7, 8], but sometimes the kits were labeling with higher activities than the recommended 

ones, for example, MIBI in a NMS in Alagoas State. This is also hazard to the labeling 

process, once increasing activity, it increases the carrier Tc-99 that participate in the chelation 

process; then it causes the decrease at labeling efficiency [5]. 

 

Then, a comprehensive radiopharmaceutical quality control should be developed and 

implemented in all NMS according ANVISA ordered in its Resolution nº38 (RDC 38) [6]. 

The quality control tests that need to be performed are specific activity, radionuclidic, 

chemical and radiochemical purities, pH [1, 2, 5].  
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4. CONCLUSIONS  

 

It is possible to obtain radiopharmaceuticals with the quality specifications of the reference 

values out of manufacturers standards. Thus, it is necessary to implement a program of 

quality control in routine of the nuclear medicine services as recommended in Resolution No. 

38 of ANVISA. 
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