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ABSTRACT 
 
The work carried out cytotoxicity tests using a radiopharmaceutical compound produced at IPEN/CNEN-SP to 
certify its safety through in vitro cytotoxicity tests.  Since 2009, the Brazilian regulatory agency (ANVISA) 
requires that such tests have to be carried out following good laboratory practices (GLP) and in according to the 
OECD (Organisation for Economic Co-operation and Development) guidelines in order to certify its safety for 
medical use.  Those guidelines comprises series of technical recommendations performed to assure quality of 
experiments.  The study chose Ubiquicidin 29-41, an antimicrobial peptide used to discriminate bacterial infection 
foci from inflammatory sites.  Amounts of UBI29-41 were conjugated or not to 99mTc and diluted to equivalent 
concentrations of 10, 100 and 1000% of the maximum dose (or activity) administered in adults.  Possible cytotoxic 
effects were evaluated in comparison to untreated controls as well as positive and negative damage controls.  Both 
full (radioactive) radiopharmaceuticals, as their precursors (only molecules without conjugation to isotopes) 
showed no significant cytotoxic effect (citotoxicity ≤ 10%).  The study was conducted for the first time in the 
country comprising preclinical testing of this radiopharmaceutical in accordance with internationally accepted 
quality parameters, ensuring the safety of its use and enabling inclusion in the pharmaceutical regulatory agenda. 
 
 

1. INTRODUCTION 
 
Nuclear medicine technologies have been used for years to detect or treat various types of 
pathologies.  The use of these technologies often involve the administration of 
radiopharmaceuticals, which are specific bioactive compounds that carries radioactive isotopes 
and has the ability to turn cells, tissues or organs into detectable targets.  Due to its efficacy 
and safety, the use of radiopharmaceuticals has been expanded, in general, in all countries.  
Ubiquicidin is a synthetic cationic peptide with antimicrobial activity with affinity for cell walls 
of microorganisms [1].  Its use as a diagnostic radiopharmaceutical for fungal infections [2] 
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and bacterial [3] has been shown to be promising.  One of its main positive features is to be 
able to differentiate septic inflammatory foci regions of aseptic inflammation, helping in the 
choice of treatment of patients suffering from various infections [4].  This bioactive compound 
potentially have the ability to induce significant cytotoxic or genotoxic damage, and should be 
considered as pharmacological non-radioactive compounds; analysis of unlabeled compound 
is encouraged [5], and thus prone to be tested in pre-clinical trials [6,7,8].  Ubiquicidin is 
administered in patients in maximum amount of 25µg, (or maximum activity of 10µCi) per 
injection.  
 
In vitro cytotoxicity tests are performed following well stablished protocols.  Usually, Chinese 
hamster ovary cells (CHO) are exposed to various concentrations of test substances and 
negative or positive controls.  Cell viability can be expressed in percentages relative to 
unexposed controls.  The work tested Ubiquicidin 29-41 (peptide comprising the sequence 
between aminoacids 29 to 41 from complete protein sequence) conjugated or not with 99m-Tc, 
an isotope used in nuclear medicine diagnostic procedures, in peptide concentrations carrying 
up to the equivalent of ten times (10X) maximum injected activity in human adults.   
 
 

2. MATERIALS AND METHODS 
 

2.1.  Cell Cultures 
 
Chinese hamster ovary cells (CHO-KI; ATCC CCL-61) were routinely maintained by 
Biosintesis Laboratory, Ltda.  All experimental cultures were maintained using DMEM as 
culture medium supplemented with 10% (v/v) fetal bovine serum (FBS) without antibiotics in 
incubators with constant temperature (37°C) and controlled atmosphere containing 95% O2 and 
5% CO2.   After confluence, cells were detached with Trypsin/EDTA (0.5%/5mM), diluted in 
complete medium and kept in room temperature until experiments (inferior to 20 min). 
 
2.2.  Ubiquicidin 29-41 
 
Commercial Ubiquicidin 29-41 (UBI29-41) was provided as lyophilized powder by the Quality 
Assurance of Center Radiopharmacy (CR) of the Institute of Nuclear Energy Research 
(IPEN/CNEN-SP).  Using the "standard man" calculations (70kg and 5.5 L of blood), sterile 
peptide samples were first diluted in deionized water to stock concentrations that were used to 
make the 0.045 ng/mL of UBI29-41 solution in medium (DMEM without serum), corresponding 
to concentration equivalent to ten times the maximum administered peptide mass  to adult 
patients (10X).  Primary dilutions were diluted in DMEM without serum to 0.00045 ng/ml 
(1/10X) and 0.0045 ng/mL (1X).  UBI29-41 conjugated with 99m-Tc was produced by 
Radiopharmacy Center at Nuclear and Energetic Research Institute (IPEN/CNEN-SP), bearing 
radioactive concentrations from 5 to 6mCi/mL. After arriving at cell culture room, activities 
were recalculated taking account of elapsed time from production to experimentation using 
radioactive decay classic equation. Samples were diluted as same as non-radioactive, 
considering 10µCi as maximum dose in adults. For testing of radioactive peptides, the 
radioactive concentrations were 0.00018, 0.0018 and 0.018µCi/mL (0.1, 1 and 10X, 
respectively). 
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2.3.  Cytotoxicity testing 
 
Sodium chloride (0.9% in medium, w/v) was used as negative control (NC), incapable to induce 
cytotoxicity in the test system.  Latex rubber fragments (1cm2) were UV-sterilized (30 min 
each side in sterile chamber) and added to 10mL of DMEM (0.2g/mL medium). After 
incubation for 24h (37ºC), latex conditioned media was sterilized by filtering (0.22µm) and 
used as positive controls (PC), in order to induce strong cytotoxicity in test system.  CHO 
cultures were prepared as suspensions in DMEM+FBS 10%, and plated in 96-well plates in 
10,000 cells/well density (100µL). 
 
After allowing 24±2 hours for proper cell adhesion, media were replaced by 100µL of medium 
containing 0.9% NaCl (negative controls), or 0.5% (v/v) of 2mg/mL latex conditioned medium 
(positive controls). Experimental wells received 100µL of DMEM containing 0.045 (10X), 
0.0045 (1X) or 0.00045 (0.1X) ng/mL. Cells in experiments using 99m-Tc-labelled peptides 
received 100µL of medium containing 0.018 (10X), 0.0018 (1X) or 0.00018 (0.1X) nCi/mL. 
Control cells (CC) received 100 µL of medium. All groups were incubated for 24±2 hours in 
quadruplicates.   
 
Upon completion of this incubation period, culture media was aspirated and cells received 
2mg/mL of 3-(4,5-dimetiltiazol-2-il)-5-(3-carboximetoxiphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS; CellTiter 96® AQueous Non-Radioactive Cell Proliferation Assay, 
Promega) and 0,9% of phenazine methosulfate (PMS, Sigma-Aldrich, CAS 299-11-6) diluted 
in DMEM (120 µL).  After 2 hours of incubation (37ºC, 5%CO2, 95% O2), metabolically active 
cells converted the compound MTS in the presence of PMS in formazan.  Absorbance values 
were obtained by spectrophotometric readings at 490nm, and converted into percentages of cell 
viability relative to controls (CC).  Absorbance values of control untreated cells represented 
100% of cell viability.  A dilution of test compound was not considered cytotoxic if cell 
viability values were at least 90% of untreated or negative controls.  Two-way ANOVA and 
Dunnett post-analysis were performed to find statistical relevance between cell viability values 
comparing to controls.   
 
 

3.  RESULTS AND DISCUSSION  
 
Citotoxicity values obtained from experiments are shown in Fig. 1.   
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Figure 1:  Ubiquicidin 29-41 conjugated (A) or not (B) with 99mTc was not able to 
induce cytotoxicity in CHO cells.  CC: Control cells (only medium);  NC: Negative 

control (NaCl 0.9%);  PC: Positive control (latex fragments, 0.5%).   0.1X, 1X and 10X 
corresponds to 10, 100 or 1000% of maximum activity or concentration allowed to 

administration in adult patients (10µCi or 25µg).  Dashed (----) and punctuated (····) 
lines indicate 90 and 50% of control cell viability.  Bars represent standard error of 

means.  (): p<0,0001. 
 
 

The present experiments could not show cytotoxicity in any level in cells exposed to all tested 
concentrations of ubiquicidin, conjugated or not with 99mTc.  Cell viability values of test 
cultures (% of controls) were not reduced significantly (p>0.05).  Viability of control 
(untreated) cells was statistically equivalent to negative controls exposed to NaCl 0.9%.  Latex-
conditioned medium (PC) induced very prominent cytotoxicity (p<0.0001). The work adopted 
the OECD protocol for cytotoxicity testing (OECD, 2010), which describes any concentration 
of a given compound as cytotoxic if it can reduce cell viability in at least 10% relative to 
controls (cell viability equivalent to ≤90%).  Regarding this parameter, UBI29-41 or UBI29-41 
99m-Tc could not be considered cytotoxic.  
 
In this scale, radiation could not induce any damage to cultures.  Activities ranging from 
nanocuries (nCi) per well were not able to raise (or reduce) cytotoxicity, what could lead to an 
interpretation in which UBI29-41 99m-Tc can be safe even if using radioactive concentrations 
near from 100µCi/injection when administered in adults.  Cytotoxicity of peptide itself also 
could not be detected by the present test system.  
 
The work could ascertain the safety of ubiquicidin administration using in vitro cytotoxicity 
testing, even if in aberrant and hypothetic case in which a patient could receive ten times the 
maximum recommended dose.  
 
Side studies are being conducted to assess safety of this peptide regarding genotoxicity. 
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